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Texas Reliability Entity, Inc.
Board of Directors
Meeting Agenda

September 16, 2026, at 12:00 p.m. Central Time**
Virtual Meeting

WebEXx Link:
https://texasre.webex.com/texasre/j.php?MTID=m1b2e3f3fffoabee822ec6d3ee551aa6d

Call-In: +1-855-797-9485

Call to Order
Crystal Ashby, Board Chair

2 Antitrust Admonition*
' Thad Crow, Communications and Training Coordinator

Consent Agenda* (Vote)
3. Crystal Ashby, Board Chair
a. Approval of May 13, 2026, Meeting Minutes
Remarks and Reports
Crystal Ashby, Board Chair

4,
a. Chief Executive Officer's Report
Jim Albright, President and Chief Executive Officer
5 SAR-013 Revisions to Regional Standard BAL-001-TRE-2* (Vote)

Rachel Coyne, Executive Chief of Staff

Nominating Committee Report and Recommendation to Board
6. Concerning Independent Director

Jeffrey Corbett, Independent Director

Human Resources Report*

Kara Murray, Director, Human Resources

Regional Risk Assessment Overview*

David Penney, Director, Reliability Services

Texas RE Chief Engineers Report*

Mark Henry, Chief Engineer and Director, Reliability Outreach
NERC Program Area Reports:

(Staff may not present on these reports, but will be available to answer
questions)

10. a. NERC Program Area Overview

Joseph Younger, Senior Vice President, and Chief Operating Officer
b. Compliance Monitoring and Risk Assessment Report*

Kenath Carver, Director, Compliance Assessments
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c. Enforcement Report and Registration Report*
Katie Van Zee, Director, Enforcement and Registration
d. Reliability Services Report*
David Penney, Director, Reliability Services
1. Other Business & Future Agenda Items

Crystal Ashby, Board Chair
Executive Session Agenda Items

Approval of May 13, 2026, Executive Session Meeting Minutes* (Vote)

12. Crystal Ashby, Board Chair
Discussion of other confidential matters: * including compliance and
13 enforcement matters, personnel matters, litigation, contracts, and leases, or

commercially sensitive or critical infrastructure information
Crystal Ashby, Board Chair

Adjourn Meeting

* Background material may be distributed electronically prior to or at meeting.
** Start and end times may be adjusted should meetings conclude early or extend past their
scheduled end time.
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Antitrust Compliance Reminder

Because this event brings together market participants who may be viewed as actual or
potential competitors, we must be mindful to conduct it in a manner that is consistent with
the antitrust and competition laws. Participants should not disclose non-public,
proprietary, or competitively sensitive information.

Attendees should exercise independent judgment and avoid even the appearance of
discussions of agreements or concerted actions that may be viewed as restraining
competition. For example, avoid discussions regarding current or potential vendors or
suppliers that involve sensitive information like pricing or terms, or discussions involving
employee wages or hiring decisions. Any company decisions that are informed by your
discussions today must be made independently.

This guidance is not intended as legal advice, and each attendee is responsible for
seeking their own legal advice with respect to compliance with applicable antitrust and
competition laws. However, any questions on Texas RE’s Antitrust Compliance Corporate
Policy may be directed to Texas RE’s General Counsel.
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DRAFT MINUTES OF THE BOARD OF DIRECTORS
OF TEXAS RELIABILITY ENTITY, INC.

May 13, 2026
Board Members
Crystal Ashby Board Chair, Independent Director
Jeff Corbett Board Vice Chair, Independent Director
Milton Lee Independent Director
Suzanne Spaulding Independent Director (Remote)
Jim Albright President and CEO
Curt Brockmann Member Representatives Committee Chair (Remote)
Daniela Hammons Member Representatives Committee Vice Chair

Texas RE Attendees

Joseph Younger, Senior Vice President and Chief Operating Officer
Derrick Davis, Senior Vice President and Chief Administrative Officer
Davida Dwyer, Vice President, General Counsel and Corporate Secretary
Donna Bjornson, Vice President and Chief Financial Officer

Kara Murray, Director, Human Resources

Mark Henry, Chief Engineer and Director, Reliability Outreach

Paul Curtis, Deputy General Counsel and Assistant Corporate Secretary
Matt Barbour, Manager, Communications and Training

Other Attendees

Rob Manning, NERC Board of Trustees
Additional Texas RE staff and other individuals attended in person or via public teleconference.

Call to Order

Pursuant to notice duly given, the meeting of the Texas Reliability Entity, Inc. (Texas RE) Board
of Directors (Board) convened on May 13, 2026. Chair Ashby determined that a quorum was
present and called the meeting to order at 2:00 p.m. Central Time.

Antitrust Admonition

At Chair Ashby’s request, Thad Crow reviewed the antitrust admonition and reminded attendees
to abide by Texas RE’s antitrust guidelines.

Consent Agenda: Approval of February 25, 2026, Board of Directors Meeting Minutes and

Approval of Resolution Ratifying Texas RE Vice President

Suzanne Spaulding made a motion to approve the consent agenda: the February 25, 2026, Board
of Directors meeting minutes and the Ratification of Davida Dwyer as Texas RE Vice President,
General Counsel and Corporate Secretary. Jeff Corbett seconded the motion. The motion passed
unanimously.
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Remarks and Reports

Rob Manning of the NERC Board of Trustees gave Keynote Remarks. He discussed the
unprecedented pace of change in the electric utilities industry, including the onset of large loads,
Al, and changes in the workforce.

Jim Albright welcomed Davida Dwyer, Texas RE’s new Vice President, General Counsel and
Corporate Secretary, and Mr. Albright provided the Chief Executive Officer’s report. He discussed
the ERO CMEP workshop, a recent Board to Board meeting, and the upcoming Assessment of
Reliability Performance report.

Audit, Governance, Risk, and Finance Committee Meeting Report

Suzanne Spaulding, AGR&F Chair, reported that the AGR&F Committee met earlier today and
recommends Board acceptance of 2025 Financial Statement audit, and approval of 2027
business plan and budget.

Acceptance of 2025 Financial Statement Audit

Donna Bjornson, Vice President and Chief Financial Officer, presented the 2025 Financial
Statement Audit. Jeff Corbett made a motion to accept 2025 financial statement audit. Crystal
Ashby seconded the motion. The motion passed by unanimous voice vote.

Approval of 2027 Business Plan and Budget

Donna Bjornson, Vice President and Chief Financial Officer, presented the 2027 Business Plan
and Budget. Crystal Ashby made a motion to approve 2027 Business Plan and Budget. Jeff
Corbett seconded the motion. The motion passed by unanimous voice vote.

2025 Assessment of Reliability Performance

David Penney, Director, Reliability Services, gave the report on the Assessment of Reliability
Performance.

Texas RE Chief Engineer’s Report

Mark Henry, Chief Engineer and Director, Reliability Outreach, presented the Chief Engineer’s
report.

Program Area Reports

Joseph Younger, Vice President and Chief Operating Officer, gave a NERC Program Area
Overview. He said Texas RE staff was off to a great start for the year, and there is a tremendous
amount of activity going on.

Texas RE staff members provided written program area quarterly reports and were available to
answer questions.

[
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Other Business & Future Agenda ltems

Jim Albright and Derrick Davis recognized and thanked two Texas RE employees for their years
of service to the company: Irma Bernard, Senior Accountant, who will soon be retiring; and Matt
Barbour, Manager, Communications and Training, whose last day at Texas RE is May 13.

Adjournment

At 3:13 p.m., Chair Ashby adjourned the open portion of the meeting and convened in executive
session.

Davida Dwyer,
Corporate Secretary
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MEMORANDUM
To: Texas RE Board of Directors

From: Rachel Coyne, Executive Chief of Staff

Date: September 16, 2026

Item 05 — Status Update for Project SAR-013: Revisions to Regional Standard BAL-

Re:  001-TRE-2

In accordance with Texas RE’s Regional Standards Development Process (RSDP), | am
submitting the Work Product for the Texas Board’s consideration for approval of Regional
Standard BAL-001-TRE-3 and the implementation plan.

The SDP provides that the Board may take one of the following actions regarding the proposed
RSDP:

1. Adopt the proposed new Regional Standard, modification to an existing Regional
Standard, or retirement of the existing Regional Standard;

2. Remand the proposed new Regional Standard, modification to an existing Regional
Standard, or retirement of the existing Regional Standard to the MRC with comments and
instructions; or

3. Reject the new Regional Standard, modification to an existing Regional Standard, or
retirement of the existing Regional Standard without recourse.

In accordance with the RSDP, Texas RE conducted an additional 45-day comment period, with
an additional ballot in the last 15 days for proposed Regional Standard BAL-001-TRE-3 and the
implementation plan from May 14 — June 29, 2026. The additional ballot did pass. | subsequently
conducted a 15-day final ballot from July 20 — August 4, 2026, which passed. During its meeting,
the MRC will discuss whether to forward the RSDP to the Board for a final vote on approval.
Assuming the MRC takes that action, the following documents are included for the Board’'s
consideration of the approval of the RSDP:

Proposed Regional Standard BAL-001-TRE-3_Clean

Proposed Regional Standard BAL-001-TRE-3_Redline to Last Posted
Proposed Regional Standard BAL-001-TRE-3_Redline to Last Approved
Proposed Implementation Plan_Clean

Proposed Implementation Plan_Redline to Last Posted

Description of Revisions

Updated Work Plan

Additional Ballot Results

SDT'’s Response to Comments

Final Ballot Results

Upon adoption of Regional Standard BAL-001-TRE-3 and the implementation plan, the
development record will be submitted to NERC for a 45-day public posting period, adoption by
the NERC Board, and filing with FERC.
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4iF SAR-013 Project Activity (May 2026 - August 2026)

May 13, 2026 — MRC approved for
additional comment and ballot period

May 14, — June 29, 2026 — Additional
Comment Period (Ballot last 15 days)

July 20, 2026 — SDT Meeting

July 20 — August 4, 2026 — Final Ballot

Texas RE MRC and Board Consideration




1# Board Packet

* Proposed Regional Standard BAL-001-TRE-3_Clean
* Proposed Regional Standard BAL-001-TRE-3_Redline to Last Posted

* Proposed Regional Standard BAL-001-TRE-3_Redline to Last
Approved

* Proposed Implementation Plan_Clean

* Proposed Implementation Plan_Redline to Last Posted
« SDT’s Response to Comments

» Description of Revisions

* Updated Work Plan

- Ballot Results

« SDT’s Responses to Comments
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BAL-001-TRE-3 — Primary Frequency Response in the ERCOT Region

A. Introduction

1.

2
3.
4

Title: Primary Frequency Response in the ERCOT Region
Number:  BAL-001-TRE-3
Purpose: To maintain Interconnection steady-state frequency within defined limits.
Applicability:
4.1. Functional Entities:
4.1.1 Balancing Authority
4.1.2 Generator Owners
4.1.3 Generator Operators
4.2. Exemptions

4.2.1 Existing generating facilities regulated by the U.S. Nuclear Regulatory
Commission prior to the Effective Date are exempt from Standard BAL-
001-TRE-3.

4.2.2 Generating units/generating facilities while operating in synchronous
condenser mode are exempt from Standard BAL-001-TRE-3.

4.2.3 Any generators that are not required by the Balancing Authority to
provide primary frequency response are exempt from this standard.

Effective Date: See Implementation Plan for Regional Standard BAL-001-TRE-3.

Background: The ERCOT Interconnection was initially given a waiver of BAL-001 R2
(Control Performance Standard CPS2). In FERC Order 693, NERC was directed to
develop a Regional Standard as an alternate means of assuring frequency
performance in the ERCOT Interconnection. NERC was explicitly directed to
incorporate key elements of the existing Protocols, Section 8.5. This required
governors to be in service and performing with an un-muted response to assure an
Interconnection minimum Frequency Response to a Frequency Measurable Event
(FME) (that starts at t(0)).

This Regional Standard provides requirements related to identifying Frequency
Measurable Events, calculating the Primary Frequency Response of each resource in
the Region, calculating the Interconnection minimum Frequency Response and
monitoring the actual Frequency Response of the Interconnection, setting Governor
deadband and droop parameters, and providing Primary Frequency Response
performance requirements.

Under this standard, two Primary Frequency Response (PFR) performance measures
are calculated: “initial” and “sustained”. The initial PFR performance (R9) measures
the actual response compared to the expected response in the period from 20 to 52
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seconds after an FME starts. The sustained PFR performance (R10) measures the best
actual response between 46 and 60 seconds after t(0) compared to the expected
response based on the system frequency at a point 46 seconds after t(0).

In this Regional Standard the terms “resource” and “generating unit/generating facility”
refers to any resource capable of providing energy to the ERCOT region. Examples
include, but are not limited to, the following:

e Hydro

e Combustion Turbine (Simple Cycle and Single-Shaft Combined Cycle)

e Steam Turbine

e Diesel

e Battery Energy Storage System (BESS)

e DCTie Providing Ancillary Services

B. Requirements and Measures

R1.

Mm1.

R2.

The Balancing Authority shall identify Frequency Measurable Events (FMEs), and
within 14 calendar days after each FME, the Balancing Authority shall notify the
Compliance Enforcement Authority and make FME information (time of FME (t(0)),
pre-perturbation average frequency, post-perturbation average frequency) publicly
available. [Violation Risk Factor — Lower] [Time Horizon — Operations Assessment]

The Balancing Authority shall have evidence that it reported each FME to the
Compliance Enforcement Authority and that it made FME information publicly
available within 14 calendar days after the FME as required in Requirement R1.

The Balancing Authority shall calculate the Primary Frequency Response of each
generating unit/generating facility in accordance with this standard and the Primary
Frequency Response Reference Document.! This calculation shall provide a 12-month
rolling average of initial and sustained Primary Frequency Response performance. This
calculation shall be completed each month for the preceding 12 calendar months.
[Violation Risk Factor = Lower] [Time Horizon = Operations Assessment]

2.1. The performance of a combined cycle facility will be determined using an
expected performance droop of 5.78%.

1 Attachment 1: Primary Frequency Response Reference Document contains the calculations that the Balancing
Authority will use to determine Primary Frequency Response performance of generating units/generating facilities.
This reference document is a Texas RE-controlled document that is subject to revision by the Texas RE Board of
Directors.

Page 2 of 54



BAL-001-TRE-3 — Primary Frequency Response in the ERCOT Region

M2.

R3.

M3.

R4.

M4.

RS.

M5.

2.2. The calculation results shall be submitted to the Compliance Enforcement
Authority and made available to the Generator Owner by the end of the month
in which they were completed.

2.3. If a generating unit/generating facility has not participated in a minimum of eight
(8) FMEs in a 12-month period, its performance shall be based on a rolling eight
FME average response.

The Balancing Authority shall have evidence it calculated and reported the rolling
average initial and sustained Primary Frequency Response performance of each
generating unit/generating facility monthly as required in Requirement R2.

The Balancing Authority shall determine the Interconnection minimum Frequency
Response (IMFR) in December of each year for the following year, and make the IMFR,
the methodology for calculation and the criteria for determination of the IMFR
publicly available. [Violation Risk Factor = Lower] [Time Horizon = Operations
Planning]

The Balancing Authority shall demonstrate that the IMFR was determined in
December of each year per Requirement R3. The Balancing Authority shall
demonstrate that the IMFR, the methodology for calculation and the criteria for
determination of the IMFR are publicly available.

After each calendar month in which one or more FMEs occur, the Balancing Authority
shall determine and make publicly available the Interconnection’s combined
Frequency Response performance for a rolling average of the last six (6) FMEs by the
end of the following calendar month. [Violation Risk Factor = Medium] [Time Horizon
= Operations Planning]

The Balancing Authority shall provide evidence that the rolling average of the
Interconnection’s combined Frequency Response performance for the last six (6) FMEs
was calculated and made public per Requirement R4.

Following any FME that causes the Interconnection’s six-FME rolling average
combined Frequency Response performance to be less than the IMFR, the Balancing
Authority shall direct any necessary actions to improve Frequency Response, which
may include, but are not limited to, directing adjustment of Governor deadband
and/or droop settings. [Violation Risk Factor = Medium] [Time Horizon = Operations
Planning]

The Balancing Authority shall provide evidence that actions were taken to improve the
Interconnection’s Frequency Response if the Interconnection’s six-FME rolling average
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combined Frequency Response performance was less than the IMFR, per Requirement
R5.

R6. Each Generator Owner shall set its Governor parameters, as set forth in Requirement
R6, Parts 6.1, 6.2, and 6.3. Requirement R6, Parts 6.1, 6.2, and 6.3 are not applicable
to steam turbine(s) of a combined cycle resource.

6.1. Limit Governor deadbands within those listed in Table 6.1, unless directed
otherwise by the Balancing Authority.

Table 6.1 Governor Deadband Settings

Generator Type Max. Deadband
Steam and Hydro Turbines with +/-0.034 Hz
Mechanical Governors
Generating units/generating +/-0.036 Hz
facilities that are not qualified 2
to provide Operating Reserves
and have obtained prior written
approval from the Balancing
Authority to widen their
deadband settings

All Other generating +/-0.017 Hz
units/generating facilities

6.2. Limit Governor droop settings such that they do not exceed those listed in Table
6.2, unless directed otherwise by the Balancing Authority.

Table 6.2 Governor Droop Settings

Generator Type Max. Droop %
Setting

Combustion Turbine (Combined Cycle) 4%

All other generating units/generating 5%

facilities

6.3. For digital and electronic Governors, once frequency deviation has exceeded the
Governor deadband from 60.000 Hz, the Governor setting shall follow the slope
derived from the formula below.

2 Refers to ancillary service qualification criteria as required by the Balancing Authority.
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Me.

R7.

mM7.

R8.

Where
g MWehes
For 5% Droop: Slope =
p I (3.0 Hz-Governor Deadband Hz)
MWges

For 4% Droop:  Slope =
I ! (2.4 He-Governor Deadband Hz)

MWoacs is the maximum megawatt control range of the Governor control

system. For mechanical Governors, droop will be proportional from the deadband
by design. See Attachment 1: Primary Frequency Response Reference Document
for specific calculations. [Violation Risk Factor = Medium] [Time Horizon =
Operations Planning]

Each Generator Owner shall have evidence that it set its Governor parameters in
accordance with Requirement R6. Examples of evidence include but are not limited to:
= Governor test reports
= Governor setting sheets
= Performance monitoring reports
= Written approval from the Balancing Authority to widen generating
units’/generating facilities’ deadband settings to +/- 0.036 Hz

Each Generator Owner shall operate each generating unit/generating facility that is
connected to the interconnected transmission system with the Governor in service
and responsive to frequency when the generating unit/generating facility is online and
released for dispatch, unless the Generator Owner has a valid reason for operating
with the Governor not in service and the Generator Operator has been notified that
the Governor is not in service. [Violation Risk Factor = Medium] [Time Horizon = Real-
time Operations]

Each Generator Owner shall have evidence that it notified the Generator Operator as
soon as practical each time it discovered a Governor not in service when the
generating unit/generating facility was online and released for dispatch. Evidence may
include but not be limited to: operator logs, voice logs, or electronic communications.

Each Generator Operator shall notify the Balancing Authority as soon as practical but
within 30 minutes of the discovery of a status change (in service, out of service) of a
Governor. [Violation Risk Factor = Medium][Time Horizon = Real-time Operations]
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M8. Each Generator Operator shall have evidence that it notified the Balancing Authority

RO.

within 30 minutes of each discovery of a status change (in service, out of service) of a
Governor.

Each Generator Owner shall meet a minimum 12-month rolling average initial Primary
Frequency Response performance of 0.75 on each generating unit/generating facility,
based on participation in at least eight FMEs. See Attachment 1: Primary Frequency
Response Reference Document for specific calculations.

9.1 The initial Primary Frequency Response performance shall be the ratio of the

Actual Primary Frequency Response to the Expected Primary Frequency
Response during the initial measurement period following the FME.

9.2 If a generating unit/generating facility has not participated in a minimum of eight

FMEs in a 12-month period, performance shall be based on a rolling eight-FME
average.

9.3 A generating unit/generating facility’s initial Primary Frequency Response

performance during an FME may be excluded from the rolling average
calculation by the Balancing Authority due to a legitimate operating condition
that prevented normal Primary Frequency Response performance. Examples of
legitimate operating conditions that may support exclusion of FMEs include, but
are not limited to:

e Operation at or near auxiliary equipment operating limits (such as
boiler feed pumps, condensate pumps, pulverizers, and forced draft
fans);

e Data telemetry failure. The Balancing Authority may request raw
data from the Generator Owner as a substitute.

[Violation Risk Factor = Medium] [Time Horizon = Operations Assessment]

M9. Each Generator Owner shall have evidence that each of its generating

units/generating facilities achieved a minimum rolling average of initial Primary
Frequency Response performance level of at least 0.75 as described in Requirement
R9. Each Generator Owner shall have documented evidence of any FMEs where the
generating unit performance was excluded from the rolling average calculation.

R10. Each Generator Owner shall meet a minimum 12-month rolling average sustained

Primary Frequency Response performance of 0.75 on each generating unit/generating
facility, based on participation in at least eight FMEs. See Attachment 1: Primary
Frequency Response Reference Document for specific calculations. [Violation Risk
Factor = Medium] [Time Horizon = Operations Assessment]
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10.1. The sustained Primary Frequency Response performance shall be the ratio of the
Actual Primary Frequency Response to the Expected Primary Frequency
Response during the sustained measurement period following the FME.

10.2. If a generating unit/generating facility has not participated in a minimum of eight
FMEs in a 12-month period, performance shall be based on a rolling eight-FME
average.

10.3. A generating unit/generating facility’s sustained Primary Frequency Response
performance during an FME may be excluded from the rolling average
calculation by the Balancing Authority due to a legitimate operating condition
that prevented normal Primary Frequency Response performance. Examples of
legitimate operating conditions that may support exclusion of FMEs include, but
are not limited to:

e Operation at or near auxiliary equipment operating limits (such as boiler
feed pumps, condensate pumps, pulverizers, and forced draft fans);

e Data telemetry failure. The Balancing Authority may request raw data
from the Generator Owner as a substitute.

M10.Each Generator Owner shall have evidence that each of its generating
units/generating facilities achieved a minimum rolling average of sustained Primary
Frequency Response performance of at least 0.75 as described in Requirement R10.
Each Generator Owner shall have documented evidence of any Frequency Measurable
Events where generating unit performance was excluded from the rolling average
calculation.

C. Compliance
1. Compliance Monitoring Process

1.1. Compliance Enforcement Authority: “Compliance Enforcement Authority” (CEA)
means NERC or the Regional Entity, or any entity as otherwise designated by an
Applicable Governmental Authority, in their respective roles of monitoring
and/or enforcing compliance with mandatory and enforceable Reliability
Standards in their respective jurisdictions.

1.2. Compliance Monitoring Period and Reset Time Frame: If a generating
unit’s/generating facility’s rolling average for R9 or R10 falls below the required
minimum rolling average(s) performance level, and the CEA has approved the
GO’s mitigation activities, the GO may initiate a request to the CEA to reset the
rolling average(s). After CEA consultation with the BA, and if the CEA approves
the request to reset the rolling average(s), the CEA shall notify the BA that the
GO may begin a new rolling average(s). In the CEA’s notice to the BA, the CEA

Page 7 of 54

Public



Public

BAL-001-TRE-3 — Primary Frequency Response in the ERCOT Region

shall provide the BA with an effective date of the reset time for the rolling
average(s). Upon receipt of the notice from the CEA, the BA shall, as soon as
practicable, implement the change to the GO’s rolling average(s). The first
performance during an FME following the CEA’s effective date to the BA shall
count as the first event in the rolling average(s), and the entity will have an
average frequency performance score after 12 successive months or eight events
under Requirements R9 and R10 of the Regional Standard.

1.3. Evidence Retention: The following evidence retention period(s) identify the
period of time an entity is required to retain specific evidence to demonstrate
compliance. For instances where the evidence retention period specified below
is shorter than the time since the last audit, the CEA may ask an entity to provide
other evidence to show that it was compliant for the full-time period since the
last audit.

The applicable entity shall keep data or evidence to show compliance as
identified below unless directed by its CEA to retain specific evidence for a
longer period of time as part of an investigation.

The Balancing Authority, Generator Owner, and Generator Operator shall keep
data or evidence to show compliance, as identified below, unless directed by its
CEA to retain specific evidence for a longer period of time as part of an
investigation:

e The Balancing Authority shall retain a list of identified FMEs and shall
retain FME information since its last compliance audit for Requirement R1,
Measure M1.

e The Balancing Authority shall retain all monthly PFR performance
reports since its last compliance audit for Requirement R2, Measure M2.

e The Balancing Authority shall retain all annual IMFR calculations, and
related methodology and criteria documents, relating to time periods since
its last compliance audit for Requirement R3, Measure M3.

e The Balancing Authority shall retain all data and calculations relating to the
Interconnection’s combined Frequency Response performance, and all
evidence of actions taken to increase the Interconnection’s combined
Frequency Response performance, since its last compliance audit for
Requirements R4 and R5, Measures M4 and M5.

e Each Generator Operator shall retain evidence since its last compliance
audit for Requirement R8, Measure M8.

e Each Generator Owner shall retain evidence since its last compliance audit
for Requirements R6, R7, R9 and R10, Measures M6, M7, M9 and M10.

If an entity is found non-compliant, it shall retain information related to the
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non-compliance until found compliant, or for the duration specified above,
whichever is longer.

The CEA shall keep the last audit records and all requested and submitted
subsequent records.

1.4. Compliance Monitoring and Enforcement Program: As defined in the NERC Rules
of Procedure, “Compliance Monitoring and Enforcement Program” refers to the
identification of the processes that will be used to evaluate data or information
for the purpose of assessing performance or outcomes with the associated
Reliability Standard.

Compliance Audits
Self-Certifications

Spot Checking

Compliance Violation Investigations
Self-Reporting

Complaints
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Violation Severity Levels

R1.

Lower VSL

The Balancing Authority
reported an FME more than
14 days but less than 31 days
after identification of the
event.

Violation Severity Levels

Moderate VSL

The Balancing Authority
reported an FME more than
30 days but less than 51 days
after identification of the
event.

High VsL

The Balancing Authority
reported an FME more than
50 days but less than 71 days
after identification of the
event.

Severe VSL

The Balancing Authority
reported an FME more than
70 days after identification
of the event.

R2.

The Balancing Authority
submitted a monthly report
more than one month but
less than 51 days after the
end of the reporting month.

The Balancing Authority
submitted a monthly report
more than 50 days but less
than 71 days after the end of
the reporting month.

The Balancing Authority
submitted a monthly report
more than 70 days but less
than 91 days after the end of
the reporting month.

The Balancing Authority
failed to submit a monthly
report within 90 days after
the end of the reporting
month.

R3.

The Balancing Authority did
not make the calculation and
criteria for determination of
the IMFR publicly available.

The Balancing Authority did
not make the IMFR publicly
available.

The Balancing Authority did
not calculate the IMFR for
the following year in
December.

The Balancing Authority did
not calculate the IMFR for a
calendar year.

R4.

N/A

N/A

The Balancing Authority did
not make public the six-FME
rolling average
Interconnection combined
Frequency Response by the
end of the following month.

The Balancing Authority did
not calculate the six- FME
rolling average
Interconnection combined
Frequency Response for any
month in which an FME
occurred.
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R5. N/A N/A N/A The Balancing Authority did
not take action to improve
Frequency Response when
the Interconnection’s rolling-
average combined
Frequency Response
performance was less than
the IMFR.

R6. Any Governor parameter Any Governor parameter Any Governor parameter Any Governor parameter
setting was > 10% and £ 20% | setting was > 20% and <30% | setting was > 30% and < 40% setting was > 40% outside
outside setting range outside setting range outside setting range setting range specified in R6,
specified in R6. specified in R6. specified in R6. -OR-

an electronic or digital
Governor was set to step
into the droop curve.

R7. N/A N/A N/A The Generator Owner
operated with its Governor
out of service and did not
notify the Generator
Operator upon discovery of
its Governor out of service.

R8 The Generator Operator The General Operator The Generator Operator The Generator Operator
notified the Balancing notified the Balancing notified the Balancing failed to notify the Balancing
Authority of a change in Authority of a change in Authority of a change in Authority of a change in
Governor status between 31 | Governor status more than 1 | Governor status more than 4 | Governor status within 24
minutes and one hour after | hour but within 4 hours after | hours but within 24 hours hours after the Generator
the General Operator was the Generator Operator was | after the Generator Operator was notified of the

discovery of the change.
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notified of the discovery of
the change.

notified of the discovery of
the change.

Operator was notified of the
discovery of the change.

average sustained Primary
Frequency Response
performance per R10 was <
0.75 and > 0.65.

average sustained Primary
Frequency Response
performance per R10 was <
0.65 and > 0.55.

average sustained Primary
Frequency Response
performance per R10 was <
0.55 and > 0.45.

R9 A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling
average initial Primary average initial Primary average initial Primary average initial Primary
Frequency Response Frequency Response Frequency Response Frequency Response
performance per R9 was < performance per R9 was < performance per R9 was < performance per R9 was <
0.75 and > 0.65. 0.65 and > 0.55. 0.55 and > 0.45. 0.45.

R10 | A Generator Owner’srolling | A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling

average sustained Primary
Frequency Response
performance per R10 was <
0.45.

D. Regional Variances

None

E. Associated Documents
Regional Standard BAL-001-TRE-3 Implementation Plan
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Version History

Version

1

Date

8/15/2013

Action

Adopted by NERC Board of Trustees

Change Tracking

1

1/16/2014

FERC Order issued approving BAL-001-TRE-1.
(Order becomes effective April 1, 2014.)

12/11/2019

Approved by Texas RE Board of Directors

Removed the requirement
Governor droop and deadband
settings for Steam Turbine(s) of
combined cycle resources.

Edited Requirements R9.3 and
R10.3 to reflect the current
process and legitimate
operating conditions for
submitting an FME exclusion
request.

Removed Attachment 1, which is
the implementation plan for
Regional Standard BAL-001-TRE-1.

Include a provision that allows
any generation resource that is
not qualified to provide
Operating Reserves to widen the
resource’s Governor deadband
to +/- 0.036 Hz upon
confirmation from the Balancing
Authority (BA).

Clarify the roles of the
Generator Owner (GO),
Compliance Enforcement
Authority

(CEA), and the BA as they
pertain to the Compliance
Monitoring Period and Reset
Time Frame (Section C: 1.2) in
regard to resetting the 12-
month rolling average
Primary Frequency Response

(PFR) performance score.
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Define PFR performance
requirements for Battery Energy
Storage Systems (BESS).

Standard Attachments

1. Attachment 1 — Primary Frequency Response Reference Document, including Flow Charts A and B.

a. This document provides implementation details for calculating Primary Frequency
Response performance as required by Requirements R2, R9, and R10. This reference
document is a Texas RE-controlled document that is subject to revision by the Texas RE
Board of Directors. It is not part of the FERC-approved regional standard.

b. The following process will be used to revise the Primary Frequency Response Reference
Document. A Primary Frequency Response Reference Document revision request may be
submitted to the Texas RE Reliability Standards Manager, who will present the revision
request to the Texas RE Member Representatives Committee (MRC) for consideration. The
revision request will be posted in accordance with MRC procedures. The MRC shall discuss
the revision request in a public meeting and will accept and consider verbal and written
comments pertaining to the request. The MRC will make a recommendation to the Texas
RE Board of Directors, which may adopt the revision request, reject it, or adopt it with
modifications. Any approved revision to the Primary Frequency Response Reference
Document shall be filed with NERC and FERC for informational purposes.
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Attachment 1
Primary Frequency Response Reference Document

Texas Reliability Entity, Inc.
BAL-001-TRE-3
Requirements R2, R9, and R10
Performance Metric Calculations

l. Introduction

This Primary Frequency Response Reference Document provides a methodology for determining
the Primary Frequency Response (PFR) performance of individual generating units/generating
facilities following Frequency Measurable Events (FMEs) in accordance with Requirements R2,
R9, and R10. Flowcharts in Attachment A (Initial PFR) and Attachment B (Sustained PFR) show
the logic and calculations in graphical form, and they are considered part of this Primary
Frequency Response Reference Document. Several Excel spreadsheets implementing the
calculations described herein for various types of generating units are available? for reference
and use in understanding and performing these calculations.

This Primary Frequency Response Reference Document is not considered to be a part of the

regional standard. This document is maintained by Texas RE and subject to modifications as

approved by the Texas RE Board of Directors, without being required to go through the formal
Standard Development Process.

Revision Process: The following process will be used to revise the Primary Frequency
Response Reference Document. A Primary Frequency Response Reference Document revision
request may be submitted to the Texas RE Reliability Standards Manager, who will present the
revision request to the Texas RE Member Representatives Committee (MRC) for consideration.
The MRC shall discuss the revision request in a public meeting and will accept and consider
verbal and written comments pertaining to the request. The MRC will make a recommendation
to the Texas RE Board of Directors, which may adopt the revision request, reject it, or adopt it
with modifications. Any approved revision to the Primary Frequency Response Reference
Document shall be filed with NERC and FERC for informational purposes.

! These spreadsheets are available on Texas RE’s public website.
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As used in this document the following terms are defined as shown:

High Sustained Limit (HSL) for a generating unit/generating facility: The limit
established by the GO/GOP, continuously updatable in Real-Time, that describes the
maximum sustained energy production capability of a generating unit/generating
facility.

Low Sustained Limit (LSL) for a generating unit/generating facility: The limit
established by the GO/GOP, continuously updatable in Real-Time, that describes the
minimum sustained energy capability of a generating unit/generating facility. This
value could be negative for BESS to represent the charging capability.

Maximum Megawatt Governor Control System (MWagcs) for the purposes of this
standard, maximum megawatt control range of the Governor control system MWacs is
calculated from HSL to LSL for BESS and HSL to O for all other all generator types.

Design Settings versus real-time Evaluation: Settings and verifications (Requirement
R6) are constructed around unit design parameters, while frequency response
expectations and evaluation scores, for every frequency event, are based upon real-time
telemetered values.

In this Regional Standard the terms “resource” and “generating unit/generating facility”
refers to any resource capable of providing energy to the ERCOT region. Examples
include, but are not limited to, the following:
e Hydro
Combustion Turbine (Simple Cycle and Single-Shaft Combined Cycle)
Steam Turbine
Diesel
Battery Energy Storage System (BESS)
DC Tie Providing Ancillary Services

Il. Initial Primary Frequency Response Calculations

Requirement 9

R9. Each Generator Owner shall meet a minimum 12-month rolling average initial Primary
Frequency Response performance of 0.75 on each generating unit/generating facility,
based on participation in at least eight FMEs. See Attachment 1: Primary Frequency
Response Reference Document for specific calculations.

9. 1 The initial Primary Frequency Response performance shall be the ratio of the
Actual Primary Frequency Response to the Expected Primary Frequency Response
during the initial measurement period following the FME.
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9.2 If a generating unit/generating facility has not participated in a minimum of eight
FMEs in a 12-month period, performance shall be based on a rolling eight-FME
average.

9.3 A generating unit/generating facility’s initial Primary Frequency Response
performance during an FME may be excluded from the rolling average calculation
by the Balancing Authority due to a legitimate operating condition that prevented
normal Primary Frequency Response performance. Examples of legitimate
operating conditions that may support exclusion of FMEs include, but are not
limited to:

e Operation at or near auxiliary equipment operating limits (such as
boiler feed pumps, condensate pumps, pulverizers, and forced
draft fans);

e Data telemetry failure. The Balancing Authority may request raw
data from the Generator Owner as a substitute.

Initial Primary Frequency Response Performance Calculation Methodology

This portion of this PFR Reference Document establishes the process used to calculate initial
PFR performance for each Frequency Measurable Event (FME) and then average the events
over a 12-month period (or 8-event minimum) to establish whether a resource is compliant with
Requirement R9.

This process calculates the initial per unit Primary Frequency Response of a resource
[P.U.PFRResource] as a ratio between the adjusted actual PFR (APFRagj), adjusted for the pre-
event ramping of the unit, and the final expected Primary Frequency Response (EPFRfinal) as
calculated using the pre-perturbation and post-perturbation time periods of the initial measure.

This comparison of actual performance to a calculated target value establishes, for each type of
resource, the initial per unit PFR [P.U.PFRResource] for any FME.

Initial Primary Frequency Response performance requirement
AUQPEJ"['DG’ [P U. PFRResourcg] = ﬂ-?E;

Where P.U.PFRRresource is the per unit measure of the initial PFR of a resource during identified
FMEs.

Actual Primary Frequency Reponse , dj

P.U.PFRpesource = Expected Primary Frequency Response

Final

Where P.U.PFRResource for each FME is limited to values between 0.0 and 2.0.

The adjusted actual PFR (APFRAagj) and the final expected PFR (EPFR#inal) are calculated
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as described below.

EPFR calculations use droop and deadband values as stated in Requirement R6 with the
exception of combined-cycle facilities while being evaluated as a single resource (MW production
of both the combustion turbine generator and the steam turbine generator are included in the
evaluation) where the evaluation droop will be 5.78%.2

Actual Primary Frequency Response (APFRadj)

The adjusted actual Primary Frequency Response (APFRadj) is the difference between Post-
perturbation Average MW and Pre-perturbation Average MW, including the ramp magnitude
adjustment.

APFer‘j = waast—perrw‘bation - war'e—perrurbarmn - RR?HP Mﬂg?lmifie

Where:

Pre-perturbation Average MW: Actual MW averaged from T-16 to T-2

r-2
e MW
M Wpre — perturbation = _—
# Scans

Post-perturbation Average MW: Actual MW averaged from T+20 to T+52

ZT +52
MVVpost — perturbation = =T
# Scans

Ramp Adjustment: The actual PFR number that is used to calculate P.U.PFR is adjusted for the
ramp magnitude of the generating unit/generating facility during the pre-perturbation minute. The
ramp magnitude is subtracted from the APFR.

Ramp Magnitude = (MWT-4 — MWT-60)*0.59

(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator
facility for a full minute prior to the event. The factor 0.59 adjusts this full minute

2 The effective droop of a typical combined-cycle facility with governor settings per Requirement R6 is 5.78%,
assuming a 2-to-1 ratio between combustion turbine capacity and steam turbine capacity. Use 5.78% effective droop
in all combined-cycle performance calculations.
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ramp to represent the ramp that should have been achieved during the post-
perturbation measurement period.

Expected Primary Freguency Response (EPFR)

For all generator types, the ideal expected Primary Frequency Response (EPFRigeal) is calculated
as the difference between the EPFRpost-perturbation and the EPFRpre-perturbation.

EPFRz'deaI = E‘DFRpast—perrurbarmn - EPFRpre—perrurbatfnn

When the frequency is outside the Governor deadband and above 60Hz:

EPFRpre—perturbation
— [(Hzpre—perturbation —60.0 — deadbandmax )

(60 x droop,,qax — deadband,,,x )

x (—1) x (MW;cs — PA Capacity)]

EPFRpost—perturbation
_ [(HZpost—perturbation — 60.0 — deadband pax )

(60 x droop,,q.x — deadband,,,x )

x (1) x (MW;s — PA Capacity)]

When the frequency is outside the Governor deadband and below 60Hz:

EPFRpre—perturbation
_ [(HZpTe—perturbation — 60.0 + deadband, .y )

(60 x droop,,q, — deadband,,y )

x (1) x (MWg;cs — PA Capacity)]

EPFRpost—perturbation
_ [(HZpost—perturbation —60.0 + deadbandmax )

(60 x droop,,qax — deadband,,,x )

x (1) x (MW;s — PA Capacity)]

For each formula, when frequency is within the Governor deadband the appropriate EPFR value
is zero. The deadbandmax and droopmax quantities come from Requirement R6.

Where:
Pre-perturbation Average Hz: Actual Hz averaged from T-16 to T-2
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T-2
Hz

T-16
# Scans

HZpr‘e — perturbation =

Post-perturbation Average Hz: Actual Hz averaged from T+20 to T+52

T+52

Hz

7+20
# Scans

HZpDS[ — perturbation

Capacity and net dependable capacity (NDC) are used interchangeably and the term capacity
will be used in this document. Capacity is the official reported seasonal capacity of the
generating unit/generating facility.

Power Augmentation: For combined cycle facilities, capacity is adjusted by subtracting power
augmentation (PA) capacity, if any, from the HSL. Other generator types may also have power
augmentation that is not frequency responsive. This could be “over-pressure” operation of a
steam turbine at valves wide open or operating with a secondary fuel in service. The GO should
provide the BA with documentation and conditions when power augmentation is to be considered
in PFR calculations.

EPFRifinal for Combustion Turbines and Combined Cycle Facilities

EPFRfinat = EPFRigeqr + (HZpost—perturbation — 60.0) x 10 x 0.00276 x (MWges — PA Capacity)

Note: The 0.00276 constant is the MW/0.1 Hz change per MW of capacity and represents the
MW change in generator output due to the change in mass flow through the combustion turbine
due to the speed change of the turbine during the post-perturbation measurement period. This

factor is based on empirical data from a major 2003 event as measured on multiple combustion
turbines in ERCOT.

EPFRfinal for Steam Turbine

Throttle Pressure
Rated Throttle Pressure

EPFRfina; = (EPFR;goq + MW,4;) X

Where:

K
Rated Trottle Pressure

MWeaqj = EPFRigeq X x (MWgcs — PA Capacity) x Steam Flow Change Factor x — 1

Where:

MWpost—perturbation
(MW gcs—PA Capacity)

% Steam Flow =
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% Steam Flow

Steam Flow Change Factor = Y

Throttle Pressure = Interpolation of Pressure curve at MW pre-perturbation

The rated throttle pressure and the pressure curve, based on generator MW output, are provided
by the GO to the BA. This pressure curve is defined by up to six pair of pressure and MW
breakpoints where the rated throttle pressure and MW output, where rated throttle pressure is
achieved, is the first pair and the minimum throttle pressure and MW output, where the minimum
throttle pressure is achieved, as the last pair of breakpoints. If fewer breakpoints are needed, the
pair values will be repeated to complete the six pair table.

The K factor is used to model the stored energy available to the resource. The value ranges
between 0.0 and 0.6 psig per MW change when responding during an FME. The GO can
measure the drop in throttle pressure when the resource is operating near 50% output of the
steam turbine during a FME and provide this ratio of pressure change to the BA. K is then
adjusted based on rated throttle pressure and resource capacity. An additional sensitivity factor,
the steam flow change factor, is based on resource loading (% steam flow) and further modifies
the MW adjustment. This sensitivity factor will decrease the adjustment at resource outputs below
50% and increase the adjustment at outputs above 50%. The GO should determine the fixed K
factor for each resource that generally results in the best match between EPFR and APFR
(resulting in the highest P.U.PFRResource). FOr any generating unit, K will not change unless the
steam generator is significantly reconfigured.

EPFRisinal for BESS with capacity that is not expected to provide PFR

EPFRfing = Minimum (EPFR;geq;, MWscs — capacity not expected to provide PFR)

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.

EPFRiinal for Other Generating Units/Generating Facilities

EPFRﬁ?mE = EPFREMJI + X

Where X is an adjustment factor that may be applied to properly model the delivery of PFR. The
X factor will be based on known and accepted technical or physical limitations of the resource. X
may be adjusted by the BA and may be variable across the operating range of a resource. X shall
be zero unless the BA accepts an alternative value.
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lll. Sustained Primary Frequency Response Calculations
Requirement 10

R10. Each Generator Owner shall meet a minimum 12-month rolling average sustained
Primary Frequency Response performance of 0.75 on each generating
unit/generating facility, based on participation in at least eight FMEs. See Attachment
1: Primary Frequency Response Reference Document for specific calculations.

10.1 The sustained Primary Frequency Response performance shall be the ratio of
the Actual Primary Frequency Response to the Expected Primary Frequency
Response during the sustained measurement period following the FME.

10.2 If a generating unit/generating facility has not participated in a minimum of
eight FMEs in a 12-month period, performance shall be based on a rolling eight-
FME average.

10.3 A generating unit/generating facility’s sustained Primary Frequency Response
performance during an FME may be excluded from the rolling average calculation
by the Balancing Authority due to a legitimate operating condition that prevented
normal Primary Frequency Response performance. Examples of legitimate
operating conditions that may support exclusion of FMEs include, but are not limited
to:
e Operation at or near auxiliary equipment operating limits (such as boiler

feed pumps, condensate pumps, pulverizers, and forced draft fans);

e Data telemetry failure. The Balancing Authority may request raw data from
the Generator Owner as a substitute.

Sustained Primary Frequency Response Performance Calculation Methodology

This portion of this PFR Reference Document establishes the process used to calculate
sustained Primary Frequency Response performance for each Frequency Measurable Event
(FME) and then average the events over a 12-month period (or 8-event minimum) to establish
whether a resource is compliant with Requirement R10.

This process calculates the per unit sustained PFR of a resource [P.U.SPFRResource] as a ratio
between the maximum actual unit response at any time during the period from T+46 to T+60,
adjusted for the pre-event ramping of the unit, and the final expected PFR (EPFR) value at time
T+46.3

This comparison of actual performance to a calculated target value establishes, for each type
of resource, the per unit sustained PFR [P.U.SPFRResource] for any FME.

Sustained Primary Frequency Response performance requirement:

The standard requires an average performance over a period of 12 months (including at least

3 The time designations used in this section refer to relative time after an FME occurs. For example, “T+46” refers to

46 seconds after the frequency deviation occurred.
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8 measured events) that is =2 0.75.
A”gPeriod [P- u. SPFRResaurce] = 0.75

AVGperiog [P. U. SPFRpesource] is either:

e the average of each resource’s sustained PFR performances [P.U.SPFRResource]
during all of the assessable Frequency Measurable Events (FMEs), for the most
recent rolling 12 month period; or

e if the unit has not experienced at least 8 assessable FMEs in the most recent 12
month period, the average of the unit’s last 8 sustained PFR performances when the
unit provided frequency response during an FME.

Sustained Primary Frequency Response Calculation (P.U.SPFR)

Actual Sustained Primary Frequency Reponse,, dj

Expected Sustained Primary Frequency Response

P.U. SPFRResource =

Final

P.U.SPFRRgesource is the per unit (P.U.) measure of the sustained PFR of a resource during
identified FMEs. For any given event P.U.SPFRResource for each FME will be limited to values
between 0.0 and 2.0.

Actual Sustained Primary Frequency Response (ASPFR) Calculations

ASPFR = MWM‘aximumRespﬂnse — MW,

pre—perturbation

Where:

Pre-perturbation Average MW: Actual MW averaged from T-16 to T-2.

T-2
e MW
M VVpre - perturbation = ———————
# Scans

And:
MWnmaximumResponse = maximum MW value telemetered by a unit from T+46 through T+60 during
low frequency events and the minimum MW value telemetered by a unit from T+46 through T+60

during a high frequency event.

Actual Sustained Primary Frequency Response, Adjusted (ASPFRadj)
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ASPFRy4; = ASPFR — RampMW Sustained

RampMW Sustained (MW) — The Standard requires a unit/facility to sustain its response to a
Frequency Measureable Event. An adjustment available in determining a unit’s sustained PFR
performance (P.U.SPFRRresource ) is to account for the direction in which a resource was moving
(increasing or decreasing output) when the event occurred T=t(0). This is the RampMW
Sustained adjustment:

RampMW Sustained = (MWr.4— MWr-s0) X 0.821

Note: The terminology “MWr.4” refers to MW output at 4 seconds before the Frequency
Measurable Event (FME) occurs at T=t(0).

By subtracting a reading at 4 seconds before, from a reading at 60 seconds before, the formula
calculates the MWs a generator moved in the minute (56 seconds) prior to T=t(0). The formula
is then modified by a factor to indicate where the generator would have been at T+46, had the
event not occurred: the “RampMW Sustained.” It does this by multiplying the MW change over
56 seconds before the event (MWT-4 — MWT-60) by a modifier. This extrapolates to an
equivalent number of MWs the generator would have changed if it had been allowed to continue

46 seconds
56 seconds or 0.821.

on its ramp to T+46 unencumbered by the FME. The modifier is

Expected Sustained Primary Frequency Response (ESPFR) Calculations

The expected sustained PFR (ESPFRiinal) is calculated using the actual frequency at T+46,
HZ+46.

This ESPFRifinal is the MW value a unit should have responded with if it is properly sustaining the
output of its generating unit/generating facility in response to an FME. Determination of this
value begins with establishing where it would be in an ideal situation; considers proper droop
and dead-band values established in Requirement R6, HSL/LSL and actual frequency. It then
allows for adjusting the value to compensate for the various types of limiting factors each
generating units / generating facilities may have and any power augmentation capacity (PA
capacity) that may be included in the HSL/LSL.

Establishing the Ideal Expected Sustained Primary Frequency Response

For all generator types, the ideal expected sustained PFR (ESPFRideal) is calculated as the
difference between the ESPFRT+46 and the EPFRpre-perturbation. The EPFRpre-perturbation is the same
EPFRpre-perturbation value used in the Initial measure of R9.

ESPFRideal = ESPFRT+4-6 - EPFRpre—perturbation
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When the frequency is outside the Governor deadband and above 60Hz:

(HZp 46 — 60 — deadband,, )
(droopmax x 60 — deadband,, ;)

ESPFRy 146 = [ x (MWgcs — PA Capacity) x (—1)]

When the frequency is outside the Governor deadband and below 60Hz:

(HZry46 — 60 4+ deadband,,gy)
(droopmax x 60 — deadband,,,,)

ESPFRy 46 = [ x (MWgcs — PA Capacity) x (—1)]

Capacity and NDC are used interchangeably and the term capacity will be used in this document.
Capacity is the official reported seasonal capacity of the generating unit/generating facility. The
deadbandmax and droopmax quantities come from Requirement R6.

For combined cycle facilities, determination of capacity includes subtracting power augmentation
(PA) capacity, if any, from the original MWacs. Other generator types may also have power as
that is not frequency responsive. This could be “over-pressure” operation of a steam turbine at
valves wide open or operating with a secondary fuel in service. The GO is required to provide the
BA with documentation and identify conditions when this augmentation is in service.

ESPFRifinal for Combustion Turbines and Combined Cycle Facilities

ESPFR;ing = ESPFRigoq + (HZ7446 — 60.0) x 10 x 0.00276 x (MWgcs — PA Capacity)

Note: The 0.00276 constant is the MW/0.1 Hz change per MW of capacity and represents the
MW change in generator output due to the change in mass flow through the combustion turbine
due to the speed change of the turbine at HZt+46. (This is based on empirical data from a major
2003 event as measured on multiple combustion turbines in ERCOT.)

ESPFRfinal for Steam Turbine

Throttle Pressure

ESPFRfinar = (ESPFRggq + MW,y;) X

Rated Throttle Pressure

Where:

K
Rated Throttle Pressure

MWadj = ESPFRideal X

x (MWgcs — PA Capacity) x Steam Flow Change Factor x — 1

Where:
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MWpost—perturbation

% St Flow =
% Steam Flow (MW,cs — PA Capacity)

% Steam Flow

Steam Flow Change Factor = G

Throttle Pressure = Interpolation of Pressure curve at MWpre-perturbation

The rated throttle pressure and the pressure curve, based on generator MW output, are
provided by the GO to the BA. This pressure curve is defined by up to six pair of pressure and
MW breakpoints where the rated throttle pressure and MW output where rated throttle pressure
is achieved is the first pair and the minimum throttle pressure and MW output where the
minimum throttle pressure is achieved as the last pair of breakpoints. If fewer breakpoints are
needed, the pair values will be repeated to complete the six pair table.

The K factor is used to model the stored energy available to the resource and ranges between
0.0 and 0.6 psig per MW change when responding during an FME. The GO can measure the
drop in throttle pressure, when the resource is operating near 50% output of the steam turbine
during a FME and provide this ratio of pressure change to the BA. K is then adjusted based on
rated throttle pressure and resource capacity. An additional sensitivity factor, the steam flow
change factor, is based on resource loading (% steam flow) and further modifies the MW
adjustment. This sensitivity factor will decrease the adjustment at resource outputs below 50%
and increase the adjustment at outputs above 50%. The GO should determine the fixed K factor
for each resource that generally results in the best match between ESPFR and ASPFR (resulting
in the highest P.U.SPFRResource). For any generating unit, K will not change unless the steam
generator is significantly reconfigured.

ESPFRsinal for BESS with capacity that is not expected to provide PFR

ESPFRfing = Minimum (ESPFR;4eq, MWgcs — capacity not expected to provide PFR)
BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to

exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.

ESPFRsinal for Other Generating Units/Generating Facilities

ESPFR,,,, = ESPFR ,,, + X

Where X is an adjustment factor that may be applied to properly model the delivery of PFR. The
X factor will be based on known and accepted technical or physical limitations of the resource. X
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may be adjusted by the BA and may be variable across the operating range of a resource. X shall
be zero unless the BA accepts an alternative value.

IV. Limits on Calculation of Primary Frequency Response Performance (Initial and
Sustained):

If a generating unit/generating facility is operating within 2% of its (MWacs — PA capacity and
additional capacity not expected to provide PFR) or within 5 MW (whichever is greater), or a
BESS is operating within 2% or 3 MW of its MWacs less capacity not expected to provide PFR
from its applicable operating limit (high or low) at the time an FME occurs (pre-perturbation), then
that resource’s Primary Frequency Response performance is not evaluated for that FME.

For frequency deviations below 60 Hz (Hzpost-perturbation < 60 if:

MWpre—perturbation
= min[([MW¢cs — PA Capacity — capacity not expected to provide PFR ] x .98), ([MW;s
— PA Capacity — capacity not expected to provide PFR] — Y MW)]

then PFR is not evaluated for this FME, where Y is 5 MW for generating units/generating
facility and 3 MW for BESS

For frequency deviations above 60 Hz (HzPost-perturbation > 60, if:

MWpre—perturbatian
< max[(LSL + ([MWgcs — PA Capacity — capacity not expected to provide PFR] x 0.02)), (LSL

+ Y MW)]

then PFR is not evaluated for this FME where Y is 5 MW for generating units/generating
facility and 3 MW for BESS

Final Expected Primary Frequency Response (EPFRfinal) is greater than Operating Margin:
Caps and limits exist for resources operating with adequate reserve margin to be evaluated at
least 2% of (MWacs less PA capacity) or 5 MW for generating units/generating facilities or 3 MW
for BESS, but with Expected Primary Frequency Responserinal greater than the actual margin
available.

1. The P.U.PFRRresource Will be set to the greater of 0.75 or the calculated P.U.PFRResource if
all of the following conditions are met:

a. The generating unit/generating facility’s pre-perturbation operating margin
(appropriate for the frequency deviation direction) is greater than 2% of its
(HSL less PA capacity) and greater than 5 MW; and

b. The BESS’s pre-perturbation operating margin (appropriate for the frequency
deviation direction) is greater than 2% of its (MWacs less PA capacity and
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additional capacity not expected to provide PFR) and greater than 3 MW,
and

c. The Expected Primary Frequency Responserinal is greater than the
generating unit/generating facility’s available frequency responsive capacity?;
and

d. The generating unit/generating facility’s APFRag; response is in the correct
direction.

2. When calculation of the P.U.PFRResource Uses the resource’s (MWecs less PA capacity and
additional capacity not expected to provide PFR) as the maximum expected output, the
calculated P.U.PFRResource Will Not be greater than 1.0.

3. When calculation of the P.U.PFRResource Uses the resource’s LSL as the minimum
expected output, the calculated P.U.PFRResource Will not be greater than 1.0.

4. If the APFRagd; is in the wrong direction, then P.U.PFRResource is 0.0.

5. These caps and limits apply to both the initial and sustained PFR measures.

4 In this circumstance, when frequency is below 60 Hz, the EPFRiinal is set to operating margin based on MWacs
(adjusted for any augmentation capacity) AND when frequency is above 60 Hz, the EPFRiina is set to operating
margin based on LSL for the purpose of calculating PUPFResource.
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Attachment A to

Primary Frequency Response Reference Document

Initial Primary Frequency Response Methodology for
BAL-001-TRE-3
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Primary Frequency Response Measurement and Rolling Average Calculation — Initial
Response

PA = Power Augmentation

HSL = High Sustained Limit

LSL = Low Sustained Limit

MWoacs = maximum megawatt control range of the Governor control system
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Read Deadband, Droop, MWacs, LSL
PA capacity, Frequency and
Resource MW

y

Calculate Ramp
Magnitude

A

Calculate Expected
Primary Frequency
Response

A

Calculate Actual
Primary Frequency
Response

A

Calculate P.U. Primary
Frequency Response

A

Calculate P.U. Primary
Frequency Response
Rolling Average

Is Rolling
Average 20.75

Fail R9

Pass R9

\ 4

e

End

Page 31 of 54



Public

BAL-001-TRE-3 — Primary Frequency Response in the ERCOT Region

Pre/Post-Perturbation Average MW and Average Frequency Calculations

Read Actual MW &

Frequency

A

Calculate Pre-Perturbation average for MW and
Frequency

[Z_ZMW [Z:_EHZ
r-16 r-16

# of Scans " # of Scans

Calculate Post-Perturbation average for MW and
Frequency

T+52

> MW IZ HZ

T +20 T+20

# of Scans " # of Secans

End
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Ramp Magnitude Calculation

Ramp Magnitude = (MWT-4— MWT-60)*0.59

End

(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator facility for a
full minute prior to the event. The factor 0.59 adjusts this full minute ramp to represent the ramp
that should have been achieved during the post-perturbation measurement period.

Actual Primary Frequency Response (APFRAdJ])

APFRAdj = MWoost-perturbation — MW pre-perturbation — Ramp Mag nitude

End
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Expected Primary Frequency Response Calculation

Use the maximum droop and maximum deadband as required by R6. For Combined Cycle Facility
evaluation as a single resource (includes MW production of the steam turbine generator), the EPFR will

use 5.78% droop in all calculations.

-2 Hz

T-16

*HZ, ==Ll
#of Scans

pre—perturbation

Read Deadband, Droop, MWgs, LSL, PA

ca pacity and HZpre-perturbation®

I

If (HZpre—penurbau'on < 60)

U. (HZW'U— perturbation - 60)< EPFR;u-;wlw-fru-hmm =0
(~1*DB)
lYes
(HZpyre- ion — 60.0 + DB)
EPFR ~ ] - pre—perturbation MW —PAC it -1
pre—perturbation (60 x DT‘OOp — DB) X ( GCS apaci Y) X ( ) —
U((HZWW perturbation - 60) > (DB)) EPFR‘DF(?*.DEITHFZJG[DH - 0
lYes
(HZpre—perturbation — 60.0 — DB) )
EPFRPre—perturbation = [ e (ggrxurD:OLZ; — DB) X (MW(;CS —PA CClPClClt}’) X (—1) —>
v
End
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*HZ

post—perturbation —

T+52
490 Hz Read Deadband, Droop MW, LSL, PA
#of Scans capacity and HZpost-perturbation®

'

If (HZpast—perturbatian < 60)

}'f (Hme_\ffucmm‘hmmn - 60) < EPFR!""H’i“‘“”‘”‘”"” =0
" (~1*DB)
(HZpost—perturbation — 60.0 + DB) ]
EPFRPost—perturbation = £ (é)grxulr)raoloog_ DB) X (MWGCS —PA Capaaty) X (_1)
EPFR =0 >

U((Hzp!ffo perturbation - 60) > (DB))

post— perturbation

EPFRpost—perturbation =

(HZpost—perturbation —60.0 - DB)

MWg-s — PAC it -1 >
(60 x Droop — DB) x (MWgcs apacity) x (—1)

EPFR

Tdeal = EPF}%{)

0s(— perturbatin re—perturbatbn
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Adjustment for Steam Turbine

Read K(Limiting Factor), Throttle Pressure
curve breakpoints, MW gcs MWopre-perturbation
and MWpost-perturbation

'

% Steam Flow =

MWpost—perturbation

(MWgcs — PA Capacity)

l

Steam Flow Change Factor =

% Steam Flow
0.5

Public

MWadj = EPFRidealx

K

Rated Trottle Pressure

x(MWgcs — PA Capacity) x Steam Flow Change Factor x(—1)

A

Throttle Pressure = Interpolation of Pressure curve at MW pre-perturbation

|

EPF. R_/mui = (EP F. RMcu] + MW

) N Throttle Pressure

Adjustment

Rated Throttle Pressure

End
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Adjustment for Combustion Turbines and Combined Cycle Facilities

Read MWogcs, PA capacity, HZpost-

.k
perturbation

EPFRfinai = EPFRigeq + (HZpost_perturbation - 60.0) x10x 0.00276 x (MWgcs — PA Capacity)

|

End

0.00276 is the MW/0.1 Hz change per MW of capacity and represents the MW change in
generator output due to the change in mass flow through the combustion turbine due to the
speed change of the turbine during the post-perturbation measurement period. (This factor is
based on empirical data from a major 2003 event as measured on multiple combustion turbines
in ERCOT.)

Adjustment for BESS with capacity that is not expected to provide PFR

Read MWogcs, capacity not expected to
provide PFR

EPFRfing = Minimum (EPFR;geq;, MWgcs — capacity not expected to provide PFR)

|

End

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.
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Adjustment for Other Units

Read Limiting Factor

EPFRﬁim! = EP FRfu'cuf + X

End

T+52
2T+20 HZActual
# of Scans

%
HZ post—perturbation

This adjustment Factor X will be developed to properly model the delivery of PFR due to known
and approved technical limitations of the resource. X may be adjusted by the BA and may be

variable across the operating range of a resource.
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P.U. Initial Primary Frequency Response Calculation
AMWyctuat, AHZ gctyar, MWics, PA Capacity, Ramp Magnitude

»

If Unit has Headroom*
AND MWpre-perturbation 2
LSL

No Evaluation **

APFR,,
PU.PFR=——"%
EPFR

“final
|

Re sponse in right direction
If P.U. (AP‘L-R'M; *AHZ.I(;MMI)(‘O P'U‘PFR=O
PFR>2.0
APFR,,
P.U.PFR=2.0 PU.PFR=———
EPFR_]‘EW!
Note, EPFRfinal = Headroom
If P.U. PFR <
0.0
If P.U. PFR < 0.75 P.U.PFR=0.75
P.U.PFR=0
If P.U. PFR >
P.U.PFR=1.
1.0 U 0
A

A

End
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*Check for adequate up headroom, low frequency events. Headroom must be greater than either
XMW or 2% of (MWacs less PA capacity and additional capacity not expected to provide PFR),
whichever is larger. If a unit does not have adequate up headroom, the unit is considered
operating at full capacity and will not be evaluated for low frequency events, where X is 5 MW for
generating unit/generating facility and 3 MW for BESS

Check for adequate down headroom, high frequency events. Headroom must be greater than
either XMW or 2% of (MWacs less PA capacity and additional capacity not expected to provide
PFR), whichever is larger. If a unit does not have adequate down headroom, the unit is
considered operating at low capacity and will not be evaluated for high frequency events, where
Xis 5 MW for generating unit/generating facility and 3 MW for BESS

For low frequency events:

Headroom = HSL — PA Capacity — capacity not expected to respond with PFR — MW;_,

For high frequency events:

Headroom = MW ,_, — LSL

**No further evaluation is required for Sustained Primary Frequency Response. This event will
not be included in the Rolling Average calculation of either Initial or Sustained Primary Frequency
Response.

T = Time in Seconds
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Attachment B to

Primary Frequency Response Reference Document

Sustained Primary Frequency Response Methodology for
BAL-001-TRE-3
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Public

Primary Frequency Response Measurement and Rolling Average

Calculation—Sustained Response

Read Deadband, Droop,
MWacs, LSL PA capacity,
Freauencv and Resource

Calculate Ramp
Magnitude

Calculate Expected
Primary Frequency
Response

A

Calculate Actual
Primary

Calculate P.U.
Primary

Calculate P.U. Primary
Frequency Response
Rolling Average

Is Rolling
Average 2
0.75

Pass R10

Ve

Fail R10

End
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Pre/Post-Perturbation Average MW and Average Frequency Calculations

Read Actual MW &
Frequency

Calculate Pre-Perturbation average for MW and
Frequency

T-2 r-2
MY s 2 HZ

T-16 r-16

# of Scans ~# of Scans

!

Calculate Post-Perturbation MW and Frequency at T+46

Maxzmum (MVVT-M() : MWY'+60 )’ HZAL-MUI(':"+46)

End
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Ramp Magnitude Calculation - Sustained

Ramp Magnitudey,,;,., = (MW,_, — MW;_5,)*0.821

End

(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator facility for a full
minute prior to the event. The factor 0.821 adjusts this full minute ramp to represent the ramp the
generator would have changed the system had it been allowed to continue on its ramp to T+46
unencumbered.

Actual Sustained Primary Frequency Response (ASPFRadj)

For low frequency events:

ASPFR,,, = Maximum(MW,. . : MW, ) — MW,

pre-perturbation

- Ramp Magn Itudeﬁ'u.\‘n‘umr:d

End

For high frequency events:

ASPF‘RA(L' = Minimum (MWT+46 : MWI'+6()) - MWpre—perturbation - Ramp Magnitude.?zmumed

End
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Expected Sustained Primary Frequency Response Calculation

Use the droop and deadband as required by R6. For Combined Cycle Facility evaluation as a
single resource (includes MW production of the steam turbine generator), the EPFR will use
5.78% droop in all calculations.

T-2
YHZ _ T_]6HZ Read Deadband, Droop, MW, LSL, PA
#of Scans capacity and HZpre-perturbation*

pre—perturbation

No

'

If (HZpre—penurbau'on < 60)

H{(HZM ernabation = 60)<}

(-1*DB) ESPFR, =0

re—perturbaton

ESPFRyre_perturbation =

— (HZpre—perturbation —60.0 + DB)
(60 x Droop — DB)

x (MWgcs — PA Capacityy 2(—1)

I ((HZ e psssusn = 60)> (DB))

| ESPFR =0 |

pre— perturbation

(Hzpre—perturbation —60.0 — DB)

x (MWges — PA Capacity) x (—1)

ESPFRpre—perturbation =

(60 x Droop — DB)

End

Page 45 of 54



Public

BAL-001-TRE-3 — Primary Frequency Response in the ERCOT Region

*Hzpostfpcrturbut'un - HZ{T+46) Read Deadband, Droop, MWGCS: LSL, PA

ca pacity and HZpost-perturbation*

'

No

If (HZpost—pen‘urbat/‘on < 60)

ESPFR, =0

st— perturbatin

]f{(HZ,,W_,,U,.,,,,.,,(,,,,,,, - 60)<]

(-1*DB)

AV2

(HZpost—perturbation —60.0 + DB)
(60 x Droop — DB)

x (MWges — PA Capacity) x (—1)

ESPFRpost—perturbation = [

—>
U((HthfJ»f perturbation 60) > (DB)) ESPFRPO'”7.’)8‘.””"501&)" = 0 —>
ESPFRpost—perturbation ]

_ (HZpost—perturbation —60.0 + DB)
(60 x Droop — DB)

x (MWgcs — PA Capacity) x (—1)

End

ESPFR,,,=ESPFR — ESPFR

leal vosi—perturbatin vre— perturbatbn
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Adjustment for Steam Turbine

Read K(Limiting Factor), Throttle
Pressure curve breakpoints, MWgcs,

MWpre—perturbation and MWpost»perturbation

!

MWpost—perturbation
(MWgcs — PA Capacity)

'

Steam Flow Change Factor =

v

x(MW¢cs — PA Capacity)xSteam Flow Change Factorx(—1)

l

Throttle Pressure = Interpolation of Pressure curve at MW pre-perturbation

'

ESPFR,,, = (ESPFR,,, + MW

Adjustment

% Steam Flow =

% Steam Flow

0.5

K
Rated Trottle Pressure

MWadj = ESPFRideal X

)* Throttle Pressure
Rated Throttle Pressure

End

MW = Maximum (MW,_,. : MW, ) for low frequency events.

post—perturbation

MW = Minimum (MW, . : MW, ) for high frequency events.

post—perturbation [+46
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Adjustment for Combustion Turbines and Combined Cycle Facilities

Read MWGCS, PA CapaCity, HZpost-perturbation*

v
ESPFRfina1 = ESPFRigeq + (HZpost—perturbation — 60.0) x 10 x 0.00276 x (MW;cs — PA Capacity)

|

End

0.00276 is the MW/0.1 Hz change per MW of capacity and represents the MW change in
generator output due to the change in mass flow through the combustion turbine due to the speed
change of the turbine during the post-perturbation measurement period. (This factor is based on
empirical data from a major 2003 event as measured on multiple combustion turbines in ERCOT.)

Adjustment for BESS with capacity that is not expected to provide PFR

Read MWqcs, capacity not expected to
provide PFR

ESPFRfinq = Minimum (ESPFR;geq;, MWgcs — capacity not expected to provide PFR)

|

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.
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Adjustment for Other Units

Read Limiting Factor

ESPFR,,, = ESPFR,,, +X

Sfinal

End

*HZ =HZt + 46

Actual

This adjustment Factor X will be developed to properly model the delivery of PFR due to known
and approved technical limitations of the resource. X may be adjusted by the BA and may be

variable across the operating range of a resource.

P.U. Sustained Primary Frequency Response Calculation

*HZ o = HZr +46)
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AMWyctvat AHZ g ctyar, MWecs, PA Capacity, Ramp Magnitude

If Unit has
Headroom* AND
MWpre-penurbation 2>
LSL

No Evaluation **

ASPFR,,,
ESPFR,

Sinal

PU.SPFR= If(ESPFR 1 > Headroom)

Re sponse in right direction

(ASPFR , *ANZ 1)< 0 P.U.SPFR=0
If P.U. SPFR
>2.0 Y
A
P.U.SPFR=2.0
ASPFR
If P.U. SPFR Final
<0.0
Note, EPFRfinal = Headroom
If P.U. SPFR <
P.U.SPFR=0 0.75 P.U.SPFR =0.75
v
N If P.U. SPFR > P.U.SPFR=1.0
End <+— 1.0
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*Check for adequate up headroom, low frequency events. Headroom must be greater than either
XMW or 2% of (MWacs less PA capacity and additional capacity not expected to provide PFR),
whichever is larger. If a unit does not have adequate up headroom, the unit is considered
operating at full capacity and will not be evaluated for low frequency events, where X is 5 MW for
generating unit/generating facility and 3 MW for BESS.

Check for adequate down headroom, high frequency events. Headroom must be greater than
either XMW or 2% of (MWacs less PA capacity and additional capacity not expected to provide
PFR), whichever is larger. If a unit does not have adequate down headroom, the unit is
considered operating at low capacity and will not be evaluated for high frequency events, where X
is 5 MW for generating unit/generating facility and 3 MW for BESS.

For low frequency events:

Headroom = HSL — PA Capacity — capacity not expected to respond with PFR — MW;_,

For high frequency events:

Headroom = MW, _, — LSL

**No further evaluation is required for Sustained Primary Frequency Response. This event will not
be included in the Rolling Average calculation of either Initial or Sustained Primary Frequency
Response.

T = Time in Seconds
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Revision History

Version Date Action Change Tracking
1 7/25/2011 | Approved by SDT and submitted to
Texas RE RSC for approval to post
for regional ballot
1.1 12/7/2012 | Approved by SDT for submission to | Changed sustained measure from
Texas RE RSC for approval to post | average over event recovery period to
for second regional ballot. point at 46 seconds after FME, and other
changes to respond to field trial results,
comments, and corrections.
1.1 3/6/2013 Texas RE RSC approves submittal
to Texas RE Board
1.1 4/23/2013 | Texas RE Board approves submittal
to NERC and FERC
1.1 9/18/2013 | NERC and Texas RE file Petition for
approval to FERC
1.1 1/16/2014 | Approved by FERC
1.2 5/21/2015 | Texas RE Board approves revisions | For clarification and consistency of the

to Attachment 2 Primary Frequency
Response Reference Document

equations used in the Attachment,
changes performed to:

- “T”in the equations refers to the
start of the Frequency
Measurable Event.

- “T-2” nomenclature utilized for
clarity rather than “t(-2)"
(applicable to numerous
equations)

- Removed floating x in EPFRfinal
for Steam Turbine equation

- Corrected sign convention for
Expected Sustained Primary
Frequency Response to match
the calculation for expected
primary frequency response.
Corrected Adjusted MW for
ESPFRisina for Steam Turbine by
multiplying -1 to calculate proper
value.

- On Steam Flow Change Factor
removed floating x and reinserted
PA capacity.

- Clarified Footnote 5 for scenario
of high frequency event for
setting LSL as operating margin
(similar to HSL for low frequency
events).

- Clarified in flowcharts for both
P.U. Initial Primary & Sustained
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Frequency Response
Calculations:
o Unit needs to have
Headroom and be above
LSL to be scored.
o Cap EPFRfna at value of
Headroom on unit
- Per RSC 5/11/2015, all
references to “Final” were
changed to “final”.
- Per RSC 5/11/2015, P.U.PFR
and P.U.S.PFR removed italics in
flowcharts.

1.3

11/14/2016

RSC approves minor changes to
Attachment 2 Primary Frequency
Response Reference Document

Replaced Reliability Standards
Committee with Members
Representative Committee to conform
with changes to the Texas RE bylaws
and regional standards development
process.

1.3

12/07/2016

Texas RE Board approves minor
changes to Attachment 2 Primary
Frequency Response Reference

Document.

Replaced Reliability Standards
Committee with Members
Representative Committee to conform
with changes to the Texas RE bylaws
and regional standards development
process.

20

12/11/2019

Texas RE Board approves changes
to the Attachment.

Removed the requirement for Governor
droop and deadband settings for Steam
turbines of combined cycle resources.

Edited Requirements R9.3 and R10.3 to
reflect the current process for submitting
an exclusion request.

Removed Attachment 1, which is the
implementation plan for Regional
Standard BAL-001-TRE-1. Changed
numbering on Attachment 2 to
Attachment 1

3.0

TBD

Attachment 1 was updated to align the
MWoegcs definition and provide
calculations for BESS. There is an
additional calculation to provide a
breakout for expected primary frequency
response calculation for BESS and to
account for any capacity that is not
expected to provide PFR. Several
sections were updated to align and
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account for capacity not expected to
provide PFR for BESS as well.

The flowcharts in Attachments A and B
to the reference document were also
updated to account for BESS expected
primary frequency response
calculations.
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A. Introduction

1.

2
3.
4

Title: Primary Frequency Response in the ERCOT Region
Number:  BAL-001-TRE-3
Purpose: To maintain Interconnection steady-state frequency within defined limits.
Applicability:
4.1. Functional Entities:
4.1.1 Balancing Authority
4.1.2 Generator Owners
4.1.3 Generator Operators
4.2. Exemptions

4.2.1 Existing generating facilities regulated by the U.S. Nuclear Regulatory
Commission prior to the Effective Date are exempt from Standard BAL-
001-TRE-3.

4.2.2 Generating units/generating facilities while operating in synchronous
condenser mode are exempt from Standard BAL-001-TRE-3.

4.2.3 Any generators that are not required by the Balancing Authority to
provide primary frequency response are exempt from this standard.

Effective Date: See Implementation Plan for Regional Standard BAL-001-TRE-3.

Background: The ERCOT Interconnection was initially given a waiver of BAL-001 R2
(Control Performance Standard CPS2). In FERC Order 693, NERC was directed to
develop a Regional Standard as an alternate means of assuring frequency
performance in the ERCOT Interconnection. NERC was explicitly directed to
incorporate key elements of the existing Protocols, Section 8.5. This required
governors to be in service and performing with an un-muted response to assure an
Interconnection minimum Frequency Response to a Frequency Measurable Event
(FME) (that starts at t(0)).

This Regional Standard provides requirements related to identifying Frequency
Measurable Events, calculating the Primary Frequency Response of each resource in
the Region, calculating the Interconnection minimum Frequency Response and
monitoring the actual Frequency Response of the Interconnection, setting Governor
deadband and droop parameters, and providing Primary Frequency Response
performance requirements.

Under this standard, two Primary Frequency Response (PFR) performance measures
are calculated: “initial” and “sustained”. The initial PFR performance (R9) measures
the actual response compared to the expected response in the period from 20 to 52
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seconds after an FME starts. The sustained PFR performance (R10) measures the best
actual response between 46 and 60 seconds after t(0) compared to the expected
response based on the system frequency at a point 46 seconds after t(0).

In this Regional Standard the terms “resource” and “generating unit/generating facility”
refers to any resource capable of providing energy to the ERCOT region. Examples

include, but are not limited to, the following:

e Hydro
e Combustion Turbine (Simple Cycle and Single-Shaft Combined Cycle)

e Steam Turbine

—_——c |

e Diesel

e Battery Energy Storage System (BESS)
e DCTie Providing Ancillary Servicesta-thisRegional-Standard-theterm—resource”

“« ”ooo

B. Requirements and Measures

R1. The Balancing Authority shall identify Frequency Measurable Events (FMEs), and
within 14 calendar days after each FME, the Balancing Authority shall notify the
Compliance Enforcement Authority and make FME information (time of FME (t(0)),
pre-perturbation average frequency, post-perturbation average frequency) publicly
available. [Violation Risk Factor — Lower] [Time Horizon — Operations Assessment]

M1. The Balancing Authority shall have evidence that it reported each FME to the «
Compliance Enforcement Authority and that it made FME information publicly
available within 14 calendar days after the FME as required in Requirement R1.

R2. The Balancing Authority shall calculate the Primary Frequency Response of each
generating unit/generating facility/BESS in accordance with this standard and the
Primary Frequency Response Reference Document.? This calculation shall provide a
12-month rolling average of initial and sustained Primary Frequency Response
performance. This calculation shall be completed each month for the preceding 12
calendar months. [Violation Risk Factor = Lower] [Time Horizon = Operations
Assessment]

* Attachment 1: Primary Frequency Response Reference Document contains the calculations that the Balancing
Authority will use to determine Primary Frequency Response performance of generating units/generating
facilities/BESS. This reference document is a Texas RE-controlled document that is subject to revision by the Texas
RE Board of Directors.
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BAL-001-TRE-3 — Primary Frequency Response in the ERCOT Region

2.1. The performance of a combined cycle facility will be determined using an
expected performance droop of 5.78%.

2.2. The calculation results shall be submitted to the Compliance Enforcement
Authority and made available to the Generator Owner by the end of the month
in which they were completed.

2.3. If a generating unit/generating facility/BESS has not participated in a minimum
of {&}-eight (8) FMEs in a 12-month period, its performance shall be based on a
rolling eight FME average response.

M2. The Balancing Authority shall have evidence it calculated and reported the rolling « [Formatted: Indent: Left: 0.25", Hanging: 0.38"

average initial and sustained Primary Frequency Response performance of each
generating unit/generating facility/BESS monthly as required in Requirement R2.

R3. The Balancing Authority shall determine the Interconnection minimum Frequency
Response (IMFR) in December of each year for the following year, and make the IMFR,
the methodology for calculation and the criteria for determination of the IMFR
publicly available. [Violation Risk Factor = Lower] [Time Horizon = Operations
Planning]

M3. The Balancing Authority shall demonstrate that the IMFR was determined in
December of each year per Requirement R3. The Balancing Authority shall
demonstrate that the IMFR, the methodology for calculation and the criteria for
determination of the IMFR are publicly available.

R4. After each calendar month in which one or more FMEs occur, the Balancing Authority
shall determine and make publicly available the Interconnection’s combined
Frequency Response performance for a rolling average of the last six (6) FMEs by the
end of the following calendar month. [Violation Risk Factor = Medium] [Time Horizon
= Operations Planning]

M4. The Balancing Authority shall provide evidence that the rolling average of the
Interconnection’s combined Frequency Response performance for the last six (6) FMEs
was calculated and made public per Requirement R4.

R5. Following any FME that causes the Interconnection’s six-FME rolling average
combined Frequency Response performance to be less than the IMFR, the Balancing
Authority shall direct any necessary actions to improve Frequency Response, which
may include, but are not limited to, directing adjustment of Governor deadband
and/or droop settings. [Violation Risk Factor = Medium] [Time Horizon = Operations
Planning]
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M5.—TM5-—Fhe Balancing Authority shall provide evidence that actions were taken to
improve the Interconnection’s Frequency Response if the Interconnection’s six-FME
rolling average combined Frequency Response performance was less than the IMFR,
per Requirement R5.

M5. - Formatted: Indent: Left: 0.25", Hanging: 0.38",
Numbered + Level: 1 + Numbering Style: 1,2, 3, ... +
Start at: 1 + Alignment: Left + Aligned at: 0.5" + Indent
at: 0.75", Tab stops: 1.15" List tab

Formatted: Indent: Left: 0.63", No bullets or
numbering

{ Formatted: Measure, Tab stops: 0.71", List tab
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RZR6. R6—Each Generator Owner shall set its Governor parameters, -as set forthin <

Requirement R6, Parts 6.1, 6.2, and 6.3felews:. Requirement R6, Parts 6.1, 6.2, and
6.3 are not applicable to steam turbine(s) of a combined cycle resource.

6.1. Limit Governor deadbands within those listed in Table 6.1, unless directed <

otherwise by the Balancing Authority.

Table 6.1 Governor Deadband Settings

Generator Type

Max. Deadband

Steam and Hydro Turbines with
Mechanical Governors

+/-0.034 Hz

Generating ubnits/generating

+/-0.036 Hz

facilities that are not qualified 2
to provide Operating Reserves
and have obtained prior written
approval from the Balancing
Authority to widen their
deadband settings

All Other gGenerating +/-0.017 Hz
ubYnits/gGenerating
fFacilities/BESS?

6.2. Limit Governor droop settings such that they do not exceed those listed in Table+
6.2, unless directed otherwise by the Balancing Authority.

Table 6.2 Governor Droop Settings

Public
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color: Auto
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Formatted: Font: Bold

Formatted: Indent: Left: 0.81", Hanging: 0.25"

{ Formatted: Space After: 6 pt, Tab stops: Not at 0.71"

|
|
|
|
]

{ Formatted: Font: Bold

{Formatted: Indent: Left: 0.78", Hanging: 0.29"

Formatted: Font: 12 pt

Formatted Table

Formatted: Font: 12 pt, Not Bold

Generator Type Max. Droop % «
Setting

Combustion Turbine (Combined Cycle) 4%

All other generating units/generating 5%

facilities

GeneratorType MaxDBroep-%
Setting

Hydre 5%

Shaft-Combined-Cycle}

2 Refers to ancillary service qualification criteria as required by the Balancing Authority.
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BAL-001-TRE-3 — Primary Frequency Response in the ERCOT Region

- ronTarbi - - - 2%

T 5%
Diesel 5%
RS Lo
Variable Repewable {(Nen-Hydro) 5%

6.3. For digital and electronic Governors, once frequency deviation has exceeded the«
Governor deadband from 60.000 Hz, the Governor setting shall follow the slope
derived from the formula below.

Where N

MWars

For 5% Droop: Slope

{30 Hz-Gowrernor Deadiyend HE)

MW ors

(2.4 Hz—Governor Deadband Hz)

For 4% Droop:  Slope

MWiacs is the maximum megawatt control range of the Governor control

system. For mechanical Governors, droop will be proportional from the deadband
by design. See Attachment 1: Primary Frequency Response Reference Document
for specific calculations. [Violation Risk Factor = Medium] [Time Horizon =
Operations Planning]

M6. Mé—Each Generator Owner shall have evidence that it set its Governor parameters in
accordance with Requirement R6. Examples of evidence include but are not limited to:
= Governor test reports
= Governor setting sheets
= Performance monitoring reports

= Written approval from the Balancing Authority to widen generating
units’/generating facilities’ deadband settings to +/- 0.036 Hz

R8:R7. R7—Each Generator Owner shall operate each generating unit/generating «
facility/BESS that is connected to the interconnected transmission system with the
Governor in service and responsive to frequency when the generating unit/generating
facility/BESS is online and released for dispatch, unless the Generator Owner has a
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M7.

R8. R&-Each Generator Operator shall notify the Balancing Authority as soon as practical
but within 30 minutes of the discovery of a status change (in service, out of service) of

a Governor. [Violation Risk Factor = Medium][Time Horizon = Real-time Operations]

valid reason for operating with the Governor not in service and the Generator

Operator has been notified that the Governor is not in service. [Violation Risk Factor

= Medium] [Time Horizon = Real-time Operations]

M7Z-Each Generator Owner shall have evidence that it notified the Generator

Operator as soon as practical each time it discovered a Governor not in service when

the generating unit/generating facility/8ESS was online and released for dispatch.
Evidence may include but not be limited to: operator logs, voice logs, or electronic
communications.

M8. M8-Each Generator Operator shall have evidence that it notified the Balancing

R9. _Each Generator Owner shall meet a minimum 12-month rolling average initial Primary <

Authority within 30 minutes of each discovery of a status change (in service, out of
service) of a Governor.

Frequency Response performance of 0.75 on each generating unit/generating

facility/BESS, based on participation in at least eight FMEs. See Attachment 1: Primary

Frequency Response Reference Document for specific calculations.

9.1 The initial Primary Frequency Response performance shall be the ratio of the

9.2

9.3

Actual Primary Frequency Response to the Expected Primary Frequency
Response during the initial measurement period following the FME.

of eight FMEs in a 12-month period, performance shall be based on a rolling
eight-FME average.

performance during an FME may be excluded from the rolling average

calculation by the Balancing Authority due to a legitimate operating condition
that prevented normal Primary Frequency Response performance. Examples of
legitimate operating conditions that may support exclusion of FMEs include, but

are not limited to:

e Operation at or near auxiliary equipment operating limits (such as
boiler feed pumps, condensate pumps, pulverizers, and forced draft
fans);

e Data telemetry failure. The Balancing Authority may request raw
data from the Generator Owner as a substitute.

Page 7 of 59
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[Violation Risk Factor = Medium] [Time Horizon = Operations Assessment]

M9. MS-Each Generator Owner shall have evidence that each of its generating b { Formatted: Font: Bold
units/generating facilities/BESS achieved a minimum rolling average of initial Primary Formatted: Indent: Left: 0.25", Hanging: 038",
Frequency Response performance level of at least 0.75 as described in Requirement Numbered + Level: T + Numbering Style: 1,2, 3, ... +
R9. Each Generator Owner shall have documented evidence of any FMEs where the Start at: 1 + Alignment: Left + Aligned at: 0.5" + Indent

generating unit performance was excluded from the rolling average calculation. at: 0.75" Tab stops: 1.15", List tab

R10. Each Generator Owner shall meet a minimum 12-month rolling average sustained
Primary Frequency Response performance of 0.75 on each generating unit/generating
facility/BESS, based on participation in at least eight FMEs. See Attachment 1: Primary
Frequency Response Reference Document for specific calculations. [Violation Risk
Factor = Medium] [Time Horizon = Operations Assessment]

10.1. The sustained Primary Frequency Response performance shall be the ratio of the
Actual Primary Frequency Response to the Expected Primary Frequency
Response during the sustained measurement period following the FME.

10.2. If a generating unit/generating facility/BESS has not participated in a minimum
of eight FMEs in a 12-month period, performance shall be based on a rolling
eight--FME average.

10.3. A generating unit/generating facility’s/BESS sustained Primary Frequency
Response performance during an FME may be excluded from the rolling average
calculation by the Balancing Authority due to a legitimate operating condition
that prevented normal Primary Frequency Response performance. Examples of
legitimate operating conditions that may support exclusion of FMEs include, but
are not limited to:

e Operation at or near auxiliary equipment operating limits (such as boiler
feed pumps, condensate pumps, pulverizers, and forced draft fans);

from the Generator Owner as a substitute.

o Data telemetry failure. The Balancing Authority may request raw data

s N b { Formatted: Font: (Default) Arial
M10.M10-Each Generator Owner shall have evidence that each of its generating Formatted: Default, Right: 0", Space After: 0 pt, Line
- . P : e : : ing: single, No bullets or numbering
units/generating facilities/BESS achieved a minimum rolling average of sustained spacing: single.
Primary Frequency Response performance of at least 0.75 as described in [ Formatted: Font: Bold

Requirement R10. Each Generator Owner shall have documented evidence of any
Frequency Measurable Events where generating unit performance was excluded from
the rolling average calculation.

C. Compliance
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1. Compliance Monitoring Process

1.1. Compliance Enforcement Authority: “Compliance Enforcement Authority” (CEA)
means NERC or the Regional Entity, or any entity as otherwise designated by an
Applicable Governmental Authority, in their respective roles of monitoring
and/or enforcing compliance with mandatory and enforceable Reliability
Standards in their respective jurisdictions.

1.2. Compliance Monitoring Period and Reset Time Frame: If a generating
unit’s/generating facility’s/8ESS’s rolling average for R9 or R10 falls below the
required minimum rolling average(s) performance level, and the CEA has
approved the GO’s mitigation activities, the GO may initiate a request to the CEA
to reset the rolling average(s). After CEA consultation with the BA, and if the
CEA approves the request to reset the rolling average(s), the CEA shall notify the
BA that the GO may begin a new rolling average(s). In the CEA’s notice to the BA,
the CEA shall provide the BA with an effective date of the reset time for the
rolling average(s). Upon receipt of the notice from the CEA, the BA shall, as soon
as practicable, implement the change to the GO’s rolling average(s). The first
performance during an FME following the CEA’s effective date to the BA shall
count as the first event in the rolling average(s), and the entity will have an
average frequency performance score after 12 successive months or eight events
under Requirements R9 and R10 of the Regional Standard.

1.3. Evidence Retention: The following evidence retention period(s) identify the
period of time an entity is required to retain specific evidence to demonstrate
compliance. For instances where the evidence retention period specified below
is shorter than the time since the last audit, the Cempliance-Enforcement
AutherityCEA may ask an entity to provide other evidence to show that it was
compliant for the full-time period since the last audit.

The applicable entity shall keep data or evidence to show compliance as

identified below unless directed by its Compliance-EnfercementAuthorityCEA to

retain specific evidence for a longer period of time as part of an investigation.

The Balancing Authority, Generator Owner, and Generator Operator shall keep
data or evidence to show compliance, as identified below, unless directed by its

Compliance-Enforcement-AuthorityCEA to retain specific evidence for a longer

period of time as part of an investigation:

e The Balancing Authority shall retain a list of identified FMEs and shall
retain FME information since its last compliance audit for Requirement R1,
Measure M1.

e The Balancing Authority shall retain all monthly PFR performance
reports since its last compliance audit for Requirement R2, Measure M2.
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e The Balancing Authority shall retain all annual IMFR calculations, and
related methodology and criteria documents, relating to time periods since
its last compliance audit for Requirement R3, Measure M3.

e The Balancing Authority shall retain all data and calculations relating to the
Interconnection’s combined Frequency Response performance, and all
evidence of actions taken to increase the Interconnection’s combined
Frequency Response performance, since its last compliance audit for
Requirements R4 and R5, Measures M4 and M5.

e Each Generator Operator shall retain evidence since its last compliance
audit for Requirement R8, Measure M8.

e Each Generator Owner shall retain evidence since its last compliance audit
for Requirements R6, R7, R9 and R10, Measures M6, M7, M9 and M10.

If an entity is found non-compliant, it shall retain information related to the
non-compliance until found compliant, or for the duration specified above,
whichever is longer.

The Cempliance-Enforcement-AutheorityCEA shall keep the last audit records

and all requested and submitted subsequent records.

1.4. Compliance Monitoring and Enforcement Program: As defined in the NERC Rules
of Procedure, “Compliance Monitoring and Enforcement Program” refers to the
identification of the processes that will be used to evaluate data or information
for the purpose of assessing performance or outcomes with the associated
Reliability Standard.

Compliance Audits
Self-Certifications

Spot Checking

Compliance Violation Investigations
Self-Reporting

Complaints
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Violation Severity Levels

R1.

Lower VSL

The Balancing Authority
reported an FME more than
14 days but less than 31 days
after identification of the
event.

Violation Severity Levels

Moderate VSL

The Balancing Authority
reported an FME more than
30 days but less than 51 days
after identification of the
event.

High VSL

The Balancing Authority
reported an FME more than
50 days but less than 71 days
after identification of the
event.

Severe VSL

The Balancing Authority
reported an FME more than
70 days after identification
of the event.

R2.

The Balancing Authority
submitted a monthly report
more than one month but
less than 51 days after the
end of the reporting month.

The Balancing Authority
submitted a monthly report
more than 50 days but less
than 71 days after the end of
the reporting month.

The Balancing Authority
submitted a monthly report
more than 70 days but less
than 91 days after the end of
the reporting month.

The Balancing Authority
failed to submit a monthly
report within 90 days after
the end of the reporting
month.

R3.

The Balancing Authority did
not make the calculation and
criteria for determination of
the IMFR publicly available.

The Balancing Authority did
not make the IMFR publicly
available.

The Balancing Authority did
not calculate the IMFR for
the following year in
December.

The Balancing Authority did
not calculate the IMFR for a
calendar year.

R4.

N/A

N/A

The Balancing Authority did
not make public the six-FME
rolling average
Interconnection combined
Frequency Response by the
end of the following month.

The Balancing Authority did
not calculate the six- FME
rolling average
Interconnection combined
Frequency Response for any
month in which an FME
occurred.
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R5.

N/A

N/A

N/A

The Balancing Authority did
not take action to improve
Frequency Response when
the Interconnection’s rolling-
average combined
Frequency Response
performance was less than
the IMFR.

R6.

Any Governor parameter
setting was > 10% and < 20%
outside setting range
specified in R6.

Any Governor parameter
setting was > 20% and < 30%
outside setting range
specified in R6.

Any Governor parameter
setting was > 30% and < 40%
outside setting range
specified in R6.

Any Governor parameter
setting was > 40% outside
setting range specified in R6,
—0OR-

an electronic or digital

Governor was set to step
into the droop curve.

R7.

N/A

N/A

N/A

The Generator Owner
operated with its Governor
out of service and did not
notify the Generator
Operator upon discovery of
its Governor out of service.

R8

The Generator Operator
notified the Balancing
Authority of a change in
Governor status between 31
minutes and one hour after
the General Operator was

The General Operator
notified the Balancing
Authority of a change in
Governor status more than 1
hour but within 4 hours after
the Generator Operator was

The Generator Operator
notified the Balancing
Authority of a change in
Governor status more than 4
hours but within 24 hours
after the Generator

The Generator Operator
failed to notify the Balancing
Authority of a change in
Governor status within 24
hours after the Generator
Operator was notified of the
discovery of the change.
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notified of the discovery of
the change.

notified of the discovery of
the change.

Operator was notified of the
discovery of the change.

average sustained Primary
Frequency Response
performance per R10 was <
0.75 and > 0.65.

average sustained Primary
Frequency Response
performance per R10 was <
0.65 and > 0.55.

average sustained Primary
Frequency Response
performance per R10 was <
0.55 and > 0.45.

R9 A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling
average initial Primary average initial Primary average initial Primary average initial Primary
Frequency Response Frequency Response Frequency Response Frequency Response
performance per R9 was < performance per R9 was < performance per R9 was < performance per R9 was <
0.75 and > 0.65. 0.65 and > 0.55. 0.55 and > 0.45. 0.45.

R10 A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling

average sustained Primary
Frequency Response
performance per R10 was <
0.45.

D. Regional Variances

None

E. Associated Documents
Regional Standard BAL-001-TRE-3 Implementation Plan
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Version History

Version Date ‘ Action Change Tracking ‘
1 8/15/2013 Adopted by NERC Board of Trustees
1 1/16/2014 FERC Order issued approving BAL-001-TRE-1.

(Order becomes effective April 1, 2014.)

2 12/11/2019 | Approved by Texas RE Board of Directors Removed the requirement
Governor droop and deadband
settings for Steam Turbine(s) of
combined cycle resources.

Edited Requirements R9.3 and
R10.3 to reflect the current
process and legitimate
operating conditions for
submitting an FME exclusion
request.

Removed Attachment 1, which is
the implementation plan for
Regional Standard BAL-001-TRE-1.

3 Include a provision that allows
any generation resource that is
not qualified to provide
Operating Reserves to widen the
resource’s Governor deadband
to +/- 0.036 Hz upon
confirmation from the Balancing
Authority (BA).

Clarify the roles of the
Generator Owner (GO),
Compliance Enforcement
Authority

(CEA), and the BA as they
pertain to the Compliance
Monitoring Period and Reset
Time Frame (Section C: 1.2) in
regard to resetting the 12-
month rolling average
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Primary Frequency Response
(PFR) performance score.

Define PFR performance
requirements for Battery Energy
Storage Systems (BESS).
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Standard Attachments

1. Attachment 1 — Primary Frequency Response Reference Document, including Flow Charts A and B.

a. This document provides implementation details for calculating Primary Frequency
Response performance as required by Requirements R2, R9, and R10. This reference
document is a Texas RE-controlled document that is subject to revision by the Texas RE
Board of Directors. It is not part of the FERC-approved regional standard.

b. The following process will be used to revise the Primary Frequency Response Reference
Document. A Primary Frequency Response Reference Document revision request may be
submitted to the Texas RE Reliability Standards Manager, who will present the revision
request to the Texas RE Member Representatives Committee (MRC) for consideration. The
revision request will be posted in accordance with MRC procedures. The MRC shall discuss
the revision request in a public meeting and will accept and consider verbal and written
comments pertaining to the request. The MRC will make a recommendation to the Texas
RE Board of Directors, which may adopt the revision request, reject it, or adopt it with
modifications. Any approved revision to the Primary Frequency Response Reference
Document shall be filed with NERC and FERC for informational purposes.
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Attachment 1
Primary Frequency Response Reference Document

Texas Reliability Entity, Inc.
BAL-001-TRE-32
Requirements R2, R9, and R10
Performance Metric Calculations

l. Introduction

This Primary Frequency Response Reference Document provides a methodology for determining
the Primary Frequency Response (PFR) performance of individual generating units/generating
facilities following Frequency Measurable Events (FMEs) in accordance with Requirements R2,
R9, and R10. Flowcharts in Attachment A (Initial PFR) and Attachment B (Sustained PFR) show
the logic and calculations in graphical form, and they are considered part of this Primary
Frequency Response Reference Document. Several Excel spreadsheets implementing the
calculations described herein for various types of generating units are available! for reference
and use in understanding and performing these calculations.

This Primary Frequency Response Reference Document is not considered to be a part of the

regional standard. This document is maintained by Texas RE and subject to modifications as

approved by the Texas RE Board of Directors, without being required to go through the formal
Standard Development Process.

Revision Process: The following process will be used to revise the Primary Frequency
Response Reference Document. A Primary Frequency Response Reference Document revision
request may be submitted to the Texas RE Reliability Standards Manager, who will present the
revision request to the Texas RE Member Representatives Committee (MRC) for consideration.
The MRC shall discuss the revision request in a public meeting and will accept and consider
verbal and written comments pertaining to the request. The MRC will make a recommendation
to the Texas RE Board of Directors, which may adopt the revision request, reject it, or adopt it
with modifications. Any approved revision to the Primary Frequency Response Reference
Document shall be filed with NERC and FERC for informational purposes.

As used in this document the following terms are defined as shown:

High Sustained Limit (HSL) for a generating unit/generating facility/BESS: The limit
established by the GO/GOP, continuously updatable in Real-Time, that describes the
maximum sustained energy production capability of a generating unit/generating
facility/BESS.

Low Sustained Limit (LSL) for a generating unit/generating facility/BESS: The limit

! These spreadsheets are available on Texas RE’s public website.
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established by the GO/GOP, continuously updatable in Real-Time, that describes the
| minimum sustained energy capability of a generating unit/generating facility/BESS.
This value could be negative for BESS to represent the charging capability.

Maximum Megawatt Governor Control System (MWoacs) for the purposes of this
standard, maximum megawatt control range of the Governor control system MWacs is

calculated from HSL to LSL or Commented [JH1]: Removing this call out to align with
BESS and HSL to 0 for all other all generator types.—Forall-generatortypes—except our discussion with SDT that this should be a static droop
BESS MW/ is-calculated-from-HSL to-0-while BESS-is-calculatedfrom-HSL to L S! value. Calculations modified to show that response should

be limited to PFR capacity available.

Design Settings versus real-time Evaluation: Settings and verifications (Requirement < [Formatted: Default, Line spacing: single ]
R6) are constructed around unit design parameters, while frequency response
expectations and evaluation scores, for every frequency event, are based upon real-time
telemetered values.

In this Regional Standard the terms “resource” and “generating unit/generating facility” [Formatted: Font: (Default) Arial ]
refers to any resource injecting-powerto-serveloadcapable of providing energy to the
ERCOT region. Examples include, but are not limited to, the following:

e Hydro

e Combustion Turbine (Simple Cycle and Single-Shaft Combined Cycle)

e Steam Turbine

o Diesel

o Battery Energy Storage System (BESS)
e DC Tie Providing Ancillary Services

BatteryEnergyStorage Suster(BESS) - Formatted: Bulleted + Level: 1 + Aligned at: 0.75" +
idi i i i 2 - Indent at: 1"
Formatted: Default, Indent: Left: 0", Line spacing:
« single

Formatted: Default, Space After: 0 pt, Line spacing:
single

Il. Initial Primary Frequency Response Calculations

Requirement 9

R9. Each Generator Owner shall meet a minimum 12-month rolling average initial Primary
Frequency Response performance of 0.75 on each generating unit/generating
| facility/BESS, based on participation in at least eight FMEs. See Attachment 1: Primary
Frequency Response Reference Document for specific calculations.

9. 1 The initial Primary Frequency Response performance shall be the ratio of the
Actual Primary Frequency Response to the Expected Primary Frequency Response
during the initial measurement period following the FME.
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| 9.2 If a generating unit/generating facility/BESS has not participated in a minimum
of eight FMEs in a 12-month period, performance shall be based on a rolling eight-
FME average.

‘ 9.3 A generating unit/generating facility’s/BESS initial Primary Frequency Response
performance during an FME may be excluded from the rolling average calculation
by the Balancing Authority due to a legitimate operating condition that prevented
normal Primary Frequency Response performance. Examples of legitimate
operating conditions that may support exclusion of FMEs include, but are not
limited to:

e Operation at or near auxiliary equipment operating limits (such as
boiler feed pumps, condensate pumps, pulverizers, and forced
draft fans);

o Data telemetry failure. The Balancing Authority may request raw
data from the Generator Owner as a substitute.

Initial Primary Frequency Response Performance Calculation Methodology

This portion of this PFR Reference Document establishes the process used to calculate initial
PFR performance for each Frequency Measurable Event (FME) and then average the events
over a 12-month period (or 8-event minimum) to establish whether a resource is compliant with
Requirement R9.

This process calculates the initial per unit Primary Frequency Response of a resource

| [P.U.PFRResource] as a ratio between the adjusted actual PFR (APFRag), adjusted for the pre-
event ramping of the unit, and the final expected Primary Frequency Response (EPFRginal) as
calculated using the pre-perturbation and post-perturbation time periods of the initial measure.

This comparison of actual performance to a calculated target value establishes, for each type of
resource, the initial per unit PFR [P.U.PFRResource] for any FME.

Initial Primary Frequency Response performance requirement
A"’QPerfod [P' U'PFRResource] = 0-75a

Where P.U.PFRRresource is the per unit measure of the initial PFR of a resource during identified
FMEs.

Actual Primary Frequency ReponseAd,.

P.U.PFRResource =

Expected Primary Frequency Responser, .,

Actual Primary Frequency Re sponseaa;

P. UPFRResource =
Expected Primary Frequency Re sponsefinai

Where P.U.PFRResource for each FME is limited to values between 0.0 and 2.0.
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as described below.

EPFR calculations use droop and deadband values as stated in Requirement R6 with the
exception of combined-cycle facilities while being evaluated as a single resource (MW production
of both the combustion turbine generator and the steam turbine generator are included in the
evaluation) where the evaluation droop will be 5.78%.2

Actual Primary Frequency Response (APFRadj)

The adjusted actual Primary Frequency Response (APFRagj) is the difference between Post-
perturbation Average MW and Pre-perturbation Average MW, including the ramp magnitude
adjustment.

APFRadj = waast—perrm'bation - ware—perrurbarfan - Rﬂmp Magmmde

Where:
Pre-perturbation Average MW: Actual MW averaged from T-16 to T-2

>
M VVpre — perturbaton = =r-e
# Scans

Post-perturbation Average MW: Actual MW averaged from T+20 to T+52

zT+52
M’/Vpaslf perturbaton = I
#Scans

Ramp Adjustment: The actual PFR number that is used to calculate P.U.PFR is adjusted for the
ramp magnitude of the generating unit/generating facility/BESS during the pre-perturbation
minute. The ramp magnitude is subtracted from the APFR.

Ramp Magnitude = (MWT-4 — MWT-60)*0.59

(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator

2 The effective droop of a typical combined-cycle facility with governor settings per Requirement R6 is 5.78%,
assuming a 2-to-1 ratio between combustion turbine capacity and steam turbine capacity. Use 5.78% effective droop
in all combined-cycle performance calculations.
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facility for a full minute prior to the event. The factor 0.59 adjusts this full minute
ramp to represent the ramp that should have been achieved during the post-
perturbation measurement period.

Expected Primary Frequency Response (EPFR)

For all generator types, the ideal expected Primary Frequency Response (EPFRideal) is calculated
as the difference between the EPFRpost-perturbation and the EPFRpre-perturbation.

EPFRideaI = E‘DFRpast—perrurbarfan - EPFRpre—perrur'batfon

When the frequency is outside the Governor deadband and above 60Hz:

EPFRpre—perturbatian
_ [(Hzpre—perturbation — 60.0 — deadbandp,x )

(60 x droopyq, — deadband .y )

x (=1) x (MWgcs — PA Capacity)]

EPFRpost—perturbatian
_ [(Hzpast—perturbation —60.0 — deadbandmax )

(60 x droopyax — deadband,,x )

x (=1) x (MWgcs — PA Capacity)]

When the frequency is outside the Governor deadband and below 60Hz:

EPFRpre—perturbatiun
_ [(Hzpre—perturbatian — 60.0 + deadbandyax )

(60 x droopymq, — deadband .y )

x (=1) x (MWgcs — PA Capacity)]

<

EPFRpost—perturbation
_ [(HZpost—perturbation —60.0+ deadbandmax )

(60 x droopma, — deadband .y )

x (—1) x (MWgcs — PA Capacity)l

For each formula, when frequency is within the Governor deadband the appropriate EPFR value <«
is zero. The deadbandmax and droopmax quantities come from Requirement R6.

Where:
Pre-perturbation Average Hz: Actual Hz averaged from T-16 to T-2
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-2
Hz

T-16

HZpre — perturbaton =
#Scans

Post-perturbation Average Hz: Actual Hz averaged from T+20 to T+52

T+52

Hz
HZpasl — perturbaton = 7420
# Scans
Capacity and net dependable capacity (NDC) are used interchangeably and the term capacity < [Formatted: Indent: Left: 0"

will be used in this document. Capacity is the official reported seasonal capacity of the
generating unit/generating facility.

Power Augmentation: For cCombined_-cCycle facilities, capacity is adjusted by subtracting power
augmentation (PA) capacity, if any, from the HSL. Other generator types may also have power
augmentation that is not frequency responsive. This could be “over-pressure” operation of a
steam turbine at valves wide open or operating with a secondary fuel in service. The GO should
provide the BA with documentation and conditions when power augmentation is to be considered
in PFR calculations.

EPFRfinal for Combustion Turbines and Combined Cycle Facilities

EPFRfinal = EPFRideal + (Hzpost—perturbatiun - 600) x 10 x 0.00276 x (MWGCS — PA Capactty)

Note: The 0.00276 constant is the MW/0.1 Hz change per MW of capacity and represents the « [Formatted: Indent: Left: 0"

MW change in generator output due to the change in mass flow through the combustion turbine
due to the speed change of the turbine during the post-perturbation measurement period. This

factor is based on empirical data from a major 2003 event as measured on multiple combustion
turbines in ERCOT.

EPFRfinal for Steam Turbine

Throttle Pressure
Rated Throttle Pressure

EPFRfipg = (EPFR;goq + MWaa‘j) X

Where: “ { Formatted: Indent: First line: 0"

K
Rated Trottle Pressure

MW,q; = EPFRigeq X x (MWgcs — PA Capacity) x Steam Flow Change Factor x — 1
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| Where: “ { Formatted: Indent: First line: 0"

MWpost—perturbation

% Steam Flow =
% (MW gcs—PA Capacity)

% Steam Flow

Steam Flow Change Factor = Y

Throttle Pressure = Interpolation of Pressure curve at MW pre-perturbation -« [Formatted: Font: 12 pt

Formatted: Indent: Left: 0", Hanging: 0.47", Right:
0.03", Space After: 12 pt

The rated throttle pressure and the pressure curve, based on generator MW output, are provided

by the GO to the BA. This pressure curve is defined by up to six pair of pressure and MW
breakpoints where the rated throttle pressure and MW output, where rated throttle pressure is
achieved, is the first pair and the minimum throttle pressure and MW output, where the minimum
throttle pressure is achieved, as the last pair of breakpoints. If fewer breakpoints are needed, the
pair values will be repeated to complete the six pair table.

The K factor is used to model the stored energy available to the resource. The value ranges
between 0.0 and 0.6 psig per MW change when responding during an FME. The GO can
measure the drop in throttle pressure when the resource is operating near 50% output of the
steam turbine during a FME and provide this ratio of pressure change to the BA. K is then
adjusted based on rated throttle pressure and resource capacity. An additional sensitivity factor,
the steam flow change factor, is based on resource loading (% steam flow) and further modifies
the MW adjustment. This sensitivity factor will decrease the adjustment at resource outputs below
50% and increase the adjustment at outputs above 50%. The GO should determine the fixed K
factor for each resource that generally results in the best match between EPFR and APFR
(resulting in the highest P.U.PFRRresource). FOr any generating unit, K will not change unless the
steam generator is significantly reconfigured.

EPFRisinal for BESS with capacity that is not expected to provide PFR

EPFRfinq = Minimum (EPFRgeq, MWgcs — capacity not expected to provide PFR)

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.

EPFRtinal for Other Generating Units/Generating Facilities

EPFR;,, = EPFR  + X
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Where X is an adjustment factor that may be applied to properly model the delivery of PFR. The +«

X factor will be based on known and accepted technical or physical limitations of the resource. X

may be adjusted by the BA and may be variable across the operating range of a resource. X shall

be zero unless the BA accepts an alternative value.

lll. Sustained Primary Frequency Response Calculations

Requirement 10

R10.

Each Generator Owner shall meet a minimum 12-month rolling average sustained
Primary Frequency Response performance of 0.75 on each generating
unit/generating facility/BESS, based on participation in at least eight FMEs. See
Attachment 1: Primary Frequency Response Reference Document for specific
calculations. [Violation Risk Factor =Medium] [Time Horizon = Operations
Assessment]

10.1 The sustained Primary Frequency Response performance shall be the ratio of
the Actual Primary Frequency Response to the Expected Primary Frequency
Response during the sustained measurement period following the FME.

10.2 If a generating unit/generating facility/BESS has not participated in a minimum
of eight FMEs in a 12-month period, performance shall be based on a rolling eight-
FME average.

10.3 A generating unit/generating facility’s/BESS sustained Primary Frequency
Response performance during an FME may be excluded from the rolling average
calculation by the Balancing Authority due to a legitimate operating condition that
prevented normal Primary Frequency Response performance. Examples of
legitimate operating conditions that may support exclusion of FMEs include, but are
not limited to:
e Operation at or near auxiliary equipment operating limits (such as boiler

feed pumps, condensate pumps, pulverizers, and forced draft fans);

o Data telemetry failure. The Balancing Authority may request raw data from
the Generator Owner as a substitute.

Sustained Primary Frequency Response Performance Calculation Methodology

This portion of this PFR Reference Document establishes the process used to calculate
sustained Primary Frequency Response performance for each Frequency Measurable Event
(FME) and then average the events over a 12-month period (or 8-event minimum) to establish
whether a resource is compliant with Requirement R10.

This process calculates the per unit sustained PFR of a resource [P.U.SPFRResource] as a ratio
between the maximum actual unit response at any time during the period from T+46 to T+60,
adjusted for the pre-event ramping of the unit, and the final expected PFR (EPFR) value at time

Page 24 of 59
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T+46.2

This comparison of actual performance to a calculated target value establishes, for each type
of resource, the per unit sustained PFR [P.U.SPFRResource] for any FME.

Sustained Primary Frequency Response performance requirement:

The standard requires an average performance over a period of 12 months (including at least
8 measured events) that is = 0.75.

AVfperiod [P.U.SPFRpesource] = 0.75

AVGperiod [P- U. SPFRgocource] 15 either:

o the average of each resource’s sustained PFR performances [P.U.SPFRResource)
during all of the assessable Frequency Measurable Events (FMEs), for the most
recent rolling 12 month period; or

¢ if the unit has not experienced at least 8 assessable FMEs in the most recent 12
month period, the average of the unit’s last 8 sustained PFR performances when the
unit provided frequency response during an FME.

Sustained Primary Frequency Response Calculation (P.U.SPFR)

Actual Sustained Primary Frequency Reponse/ld].

P.U.SPFR e =
U.SPFRpesource Expected Sustained Primary Frequency Response

Final

P.UPER Actual Sustained Primary Frequency Response.d;

Expected Sustained Primary Frequency Responseinal
P.U.SPFRResource is the per unit (P.U.) measure of the sustained PFR of a resource during
identified FMEs. For any given event P.U.SPFRResource for each FME will be limited to values
between 0.0 and 2.0.

Actual Sustained Primary Frequency Response (ASPFR) Calculations

ASPFR = ‘H“'..an:mumﬂes;ml::p - MW,

pre—perturbation

Where:

Pre-perturbation Average MW: Actual MW averaged from T-16 to T-2.

3 The time designations used in this section refer to relative time after an FME occurs. For example, “T+46"” refers to
46 seconds after the frequency deviation occurred.
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T-2
" 16M w
MWpre - perturbaton = =———>——
# Scans

And:

MWmaximumResponse = maximum MW value telemetered by a unit from T+46 through T+60 during

low frequency events and the minimum MW value telemetered by a unit from T+46 through T+60
during a high frequency event.

Actual Sustained Primary Frequency Response, Adjusted (ASPFRAadj))

ASPFR,4; = ASPFR — RampMW Sustained

RampMW Sustained (MW) — The Standard requires a unit/facility to sustain its response to a
Frequency Measureable Event. An adjustment available in determining a unit’s sustained PFR
performance (P.U.SPFRRgesource ) is to account for the direction in which a resource was moving
(increasing or decreasing output) when the event occurred T=t(0). This is the RampMW
Sustained adjustment:

RampMW Sustained = (MWr.4— MWfr-60) x 0.821

Note: The terminology “MWr.4” refers to MW output at 4 seconds before the Frequency
Measurable Event (FME) occurs at T=t(0).

By subtracting a reading at 4 seconds before, from a reading at 60 seconds before, the formula
calculates the MWs a generator moved in the minute (56 seconds) prior to T=t(0)._—The formula
is then modified by a factor to indicate where the generator would have been at T+46, had the
event not occurred: the “RampMW Sustained.” It does this by multiplying the MW change over
56 seconds before the event (MWT-4 — MWT-60) by a modifier. This extrapolates to an
equivalent number of MWs the generator would have changed if it had been allowed to continue

46 seconds
56 seconds or0.821.

on its ramp to T+46 unencumbered by the FME. The modifier is

Expected Sustained Primary Frequency Response (ESPFR) Calculations

The expected sustained PFR (ESPFRsinal) is calculated using the actual frequency at T+46,
HZ1+46.

This ESPFRiinal is the MW value a unit should have responded with if it is properly sustaining the
output of its generating unit/generating facility in response to an FME. Determination of this
value begins with establishing where it would be in an ideal situation; considers proper droop
and dead-band values established in Requirement R6, HSL/LSL and actual frequency. It then
allows for adjusting the value to compensate for the various types of |Limiting fFactors each
generating units / generating facilities may have and any power augmentation capacity (PA
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capacity) that may be included in the HSL/LSL.

Establishing the Ideal Expected Sustained Primary Frequency Response

For all generator types, the ideal expected sustained PFR (ESPFRiqeal) is calculated as the
difference between the ESPFRT+46 and the EPFRpre-perturbation. The EPFRpre-perturbation is the same
EPFRpre-perturbation Value used in the Initial measure of R9.

ESPFRideal = ESPFRT+46 - EPFRpre—perturbation
ESPFRideaI = ESPFRT+46}_ EPFRpre—per‘turbatmn

When the frequency is outside the Governor deadband and above 60Hz:

CH e et )
{600 mar—=69—-+deadbandmam—)

“ [ Formatted: Indent: First line: 0.5"

(HZ7446 — 60 — deadband,,qy)

ESPFR =
T+a6 (droopmayx x 60 — deadband,,qy)

x (MWgcs — PA Capacity) x (—1)]

When the frequency is outside the Governor deadband and below 60Hz:

{Herra—60-+—deadbardmm—)
{00 mar—=69—-+deadbandmam—)

(HZ7446 — 60 + deadband,,qy)

ESPFR =
T+a6 (droopmayx x 60 — deadband,,q,)

x (MWgcs — PA Capacity) x (—1)]

“ [ Formatted: Font: (Default) Arial, 12 pt

ACapacity and NDC are used interchangeably and the term capacity will be used in this document. {Formatted: Default

Capacity is the official reported seasonal capacity of the generating unit/generating facility. The
deadbandmax and droopmax quantities come from Requirement R6.

For combined cycle facilities, determination of capacity includes subtracting power augmentation
(PA) capacity, if any, from the original MWacs. Other generator types may also have power as
that is not frequency responsive. This could be “over-pressure” operation of a steam turbine at
valves wide open or operating with a secondary fuel in service. The GO is required to provide the
BA with documentation and identify conditions when this augmentation is in service.

ESPFRsinal for Combustion Turbines and Combined Cycle Facilities
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ESPFRfinqi = ESPFRigeqi + (HZ7446 — 60.0) x 10 x 0.00276 x (MWgcs — PA Capacity)

Note: The 0.00276 constant is the MW/0.1 Hz change per MW of capacity and represents the “

MW change in generator output due to the change in mass flow through the combustion turbine
due to the speed change of the turbine at HZt+46. (This is based on empirical data from a major

2003 event as measured on multiple combustion turbines in ERCOT.), “

ESPFRfina for Steam Turbine

Throttle Pressure

ESPFRpinqy = (ESPFR g0 + MW, ;) X

Rated Throttle Pressure

Where:

K
Rated Throttle Pressure

MWeqj = ESPFRgeq X X (MWgcs — PA Capacity) x Steam Flow Change Factor x — 1

V/AVVA = LECDLED £V £V
VY E=Iop o ap 2y X

Where:

MWpost—perturbation
(MWgcs — PA Capacity)

% Steam Flow =

% Steam Flow

Steam Flow Change Factor = 05

Throttle Pressure = Interpolation of Pressure curve at MWy perturbation

The rated throttle pressure and the pressure curve, based on generator MW output, are
provided by the GO to the BA. This pressure curve is defined by up to six pair of pressure and
MW breakpoints where the rated throttle pressure and MW output where rated throttle pressure
is achieved is the first pair and the minimum throttle pressure and MW output where the
minimum throttle pressure is achieved as the last pair of breakpoints. If fewer breakpoints are
needed, the pair values will be repeated to complete the six pair table.

The K factor is used to model the stored energy available to the resource and ranges between
0.0 and 0.6 psig per MW change when responding during an FME. The GO can measure the
drop in throttle pressure, when the resource is operating near 50% output of the steam turbine
during a FME and provide this ratio of pressure change to the BA. K is then adjusted based on
rated throttle pressure and resource capacity. An additional sensitivity factor, the steam flow
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change factor, is based on resource loading (% steam flow) and further modifies the MW
adjustment. This sensitivity factor will decrease the adjustment at resource outputs below 50%
and increase the adjustment at outputs above 50%. The GO should determine the fixed K factor
for each resource that generally results in the best match between ESPFR and ASPFR (resulting
in the highest P.U.SPFRResource). For any generating unit, K will not change unless the steam

generator is significantly reconfigured.

ESPFRisinal for BESS with capacity that is not expected to provide PFR

ESPFRfinq = Minimum (ESPFR;geq;, MWecs — capacity not expected to provide PFR)

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency

response. When this occurs, the expected MW response from the BESS shall be limited to

exclude this capacity. The BA will utilize system data to determine when capacity should be

excluded from the calculations.

ESPFRsinal for Other Generating Units/Generating Facilities/BESS

ESPFR,,,, = ESPFR, ., + X

Where X is an adjustment factor that may be applied to properly model the delivery of PFR. The <« -

X factor will be based on known and accepted technical or physical limitations of the resource. X
may be adjusted by the BA and may be variable across the operating range of a resource. X shall

be zero unless the BA accepts an alternative value.

IV. Limits on Calculation of Primary Frequency Response Performance (Initial and

Public
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For frequency deviations above 60 Hz (HzPost-perturbation > 60, if:

[ Formatted: Font: (Default) Arial, Not Italic

MW,

pre—perturbation

< max|[(LSL + ([MWgcs — PA Capacity — capacity not expected to provide PFR] x 0.02)), (LSL
+ Y MW)]

| then PFR is not evaluated for this FME where X-Y is 5 MW for generating units/generating
facility and 3 MW for BESS

Final Expected Primary Frequency Response (EPFRfinal) is greater than Operating Margin:
Caps and limits exist for resources operating with adequate reserve margin to be evaluated at
least 2% of (MWacs less PA capacity) or 5 MW for generating units/generating facilities or 3 MW
for BESS, but with Expected Primary Frequency Responserinal greater than the actual margin
available.

1. The P.U.PFRResource Will be set to the greater of 0.75 or the calculated P.U.PFRResource if
all of the following conditions are met:

a. The generating unit/generating facility’s pre-perturbation operating margin
(appropriate for the frequency deviation direction) is greater than 2% of its
(HSL less PA capacity) and greater than 5 MW; and
b. The BESS’s pre-perturbation operating margin (appropriate for the frequency
deviation direction) is greater than 2% of its (MWacs less PA capacity and
additional capacity not expected to provide PFR) and greater than 3 MW;
and
c. The Expected Primary Frequency Responserinal is greater than the
| generating unit/generating facility’s/BESS available frequency responsive
capacity?; and
| d. The generating unit/generating facility’'s/BESS APFRadj response is in the
correct direction.

2. When calculation of the P.U.PFRResource Uses the resource’s (MWacs less PA capacity and
additional capacity not expected to provide PFR) as the maximum expected output, the
calculated P.U.PFRResource Will not be greater than 1.0.

3. When calculation of the P.U.PFRResource Uses the resource’s LSL as the minimum
expected output, the calculated P.U.PFRResource Will not be greater than 1.0.

4 In this circumstance, when frequency is below 60 Hz, the EPFRsinal is set to operating margin based on MWacs
(adjusted for any augmentation capacity) AND when frequency is above 60 Hz, the EPFRinal is set to operating
margin based on LSL for the purpose of calculating PUPF Rresource.
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4. If the APFRagj is in the wrong direction, then P.U.PFRResource is 0.0.

5. These caps and limits apply to both the initial and sustained PFR measures.
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Attachment A to

Primary Frequency Response Reference Document

Initial Primary Frequency Response Methodology for
BAL-001-TRE-32

{ Formatted: Normal
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Primary Frequency Response Measurement and Rolling Average Calculation - Initial [Formatted: Font: 12 pt

Response

PA_=_Power Augmentation

HSL = High Sustained Limit

LSL = Low Sustained Limit

MWoacs = maximum megawatt control range of the Governor control system
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Resource MW

Read Deadband, Droop, MWacs, LSL
PA capacity, Frequency and

Calculate Ramp
Magnitude

.

Calculate Expected
Primary Frequency
Response

.

Calculate Actual
Primary Frequency
Response

'

Calculate P.U. Primary
Frequency Response

.

Calculate P.U. Primary
Frequency Response
Rolling Average

Is Rolling
Average 20.75

Fail R9

End
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Pre/Post-Perturbation Average MW and Average Frequency Calculations [Formatted: Font: 12 pt

Read Actual MW &

Frequency

Calculate Pre-Perturbation average for MW and
Frequency

-2 -2
> MW > Hz
T-16

r-i6
# of Scans T of Scans

}

Calculate Post-Perturbation average for MW and
Frequency

29 e
> MW > HZ
420

P50

& of Scans " # of Scans

End
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Ramp Magnitude Calculation

Ramp Magnitude = (MWr-4— MWr-60)*0.59

End

{ Formatted: Font: 12 pt

A

(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator facility for a
full minute prior to the event. The factor 0.59 adjusts this full minute ramp to represent the ramp
that should have been achieved during the post-perturbation measurement period.

Actual Primary Frequency Response (APFRAdJ])

APFRAdJ = MWpost—perturbation - MWpre—perturbation - Ramp Magnitude

End
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Expected Primary Frequency Response Calculation

Use the maximum droop and maximum deadband as required by R6. For Combined Cycle Facility
evaluation as a single resource (includes MW production of the steam turbine generator), the EPFR will
use 5.78% droop in all calculations.

Uz ZT:; Hz Read Deadband, Droop, MWgcs, LSL, PA
pre-perturbation ™ #of Scans capacity and HZpre-perturbation*
If (HZore - perturbation < 60)
i (HZ - st = 60)< EPFR,_ e =0
“\(~1#DB)
lYes
HZpre—perturpation — 60.0 + DB ,
EPFRyro—perturbation = ( Pre(ggrx“;:ol;’; ~5) ) x (MWygcs — PA Capacity) x (—1) _l
No | EPFRpr(J—permrhmnn =0 >
lYes
HZroperturbation — 60.0 — DB ]
EPFRpre—perturbation = [( pre(gs(z)rxu;:ol;y; ~DB) ) x (MWgcs — PA Capacity) x (=1) |-
!

End
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*HZ =

post—perturbation

T+52
Hz

T+20
#of Scans

Read Deadband, Droop MWccs, LSL, PA

capa City and HZpost-perturbation™

I

If (HZpost - perturbation < 60)

IJ‘,[(HZWN,,,,,,,,,,,,,, - 60) <J

(~1*DB)

EPFRpost—perturbatian =

(HZpost—perturbation —60.0 + DB)

(60 x Droop — DB)

x (MWgcs — PA Capacity) x (—1)

— »

I HZ 1 sersotaren — 69)> (DB))

post—perturbation

EPFR

=0

EPFRpast—perturbatian =

(HZpost—perturbatiun —60.0 — DB)

(60 x Droop — DB)

x (MWgcs — PA Capacity) x (—1)

>

EPFR

et = EPFR

\posi— perturbation

—EPFR

\pre— perturbatin
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Adjustment for Steam Turbine

Read K(Limiting Factor), Throttle Pressure { Formatted: Font: (Default) +Body (Calibri)

curve breakpoints, MW gcs MWopre-perturbation
and MWpost-perturbation

.

MWpost—perturbation
(MWgcs — PA Capacity)

l

Steam Flow Change Factor =

.

xX(MWgcs — PA Capacity) x Steam Flow Change Factor x(—1)

% Steam Flow =

% Steam Flow
0.5

K
Rated Trottle Pressure

MWadj = EPFRideal X

A

Throttle Pressure = Interpolation of Pressure curve at MWpe-perturbation

!

EPFR]M:(H = (EPFRJLFL’(H + MW

Adjustment

)* Throttle Pressure
Rated Throttle Pressure
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Adjustment for Combustion Turbines and Combined Cycle Facilities [Formatted: Font: 12 pt

Read MWogcs, PA capacity, HZpost-
perturbation*

EPFRfing1 = EPFRigeaqr + (HZpost—perturpation — 60.0) x 10 x 0.00276 x (MWgcs — PA Capacity)

.

0.00276 is the MW/0.1 Hz change per MW of capacity and represents the MW change in [Formatted: Font: 12 pt

generator output due to the change in mass flow through the combustion turbine due to the
speed change of the turbine during the post-perturbation measurement period. (This factor is
based on empirical data from a major 2003 event as measured on multiple combustion turbines
in ERCOT.)

Adjustment for BESS with capacity that is not expected to provide PFR

Read MWogcs, capacity not expected to
provide PFR

!

EPFRfinq = Minimum (EPFR;geq, MWgcs — capacity not expected to provide PFR)

.

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
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excluded from the calculations.

Adjustment for Other Units

Read Limiting Factor

}

EPFRﬁrm/ = EPFRMLM + X

2T+52
% L1120 Actual
Hanst—penurbam‘m - #0of Scans

This adjustment Factor X will be developed to properly model the delivery of PFR due to known
and approved technical limitations of the resource. X may be adjusted by the BA and may be
variable across the operating range of a resource.

Page 41 of 59

Public

[ Formatted: Font: 12 pt

[ Formatted: Font: 12 pt




’ BAL-001-TRE-32 — Primary Frequency Response in the ERCOT Region

| P.U. Initial Primary Frequency Response Calculation

No Evaluation **

finail

EPFR

If P.U.
PFR>2.0

If P.U. PFR <
0.0

P.U.PFR=0

AMW AHZ

Actual »

HSL, PACapacity, Ramp Magnitude

Actual *

K

If Unit has Headroom*

AND MW e perturbationt+0
>2 LSL

1.0

Re sponse in right direction
(4PFR , *AHZ ., )<0 P.U.PFR=0
APFR
PU.PFR=——-"
EPFR_M}:',’
Note, EPFRfinal = Headroom
If P.U. PFR<0.75 P.U.PFR=0.75
If P.U. PFR > P.UPFR = 1.0
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*Check for adequate up headroom, low frequency events. Headroom must be greater than either
XMW or 2% of (MWacs less PA capacity and additional capacity not expected to provide PER)-,
whichever is larger. If a unit does not have adequate up headroom, the unit is considered
operating at full capacity and will not be evaluated for low frequency events, where X is 5 MW for
generating unit/generating facility and 3 MW for BESS

Check for adequate down headroom, high frequency events. Headroom must be greater than
either XMW or 2% of (MWacs less PA capacity and additional capacity not expected to provide
PER), whichever is larger. If a unit does not have adequate down headroom, the unit is
considered operating at low capacity and will not be evaluated for high frequency events, where
Xis 5 MW for generating unit/generating facility and 3 MW for BESS

For low frequency events:

Headroom = MW <HSL — PA Capacity — capcity not expeced to respond with PFR — MWr_,

For high frequency events:

Headroom = MW, _, — LSL

**No further evaluation is required for Sustained Primary Frequency Response. This event will
not be included in the Rolling Average calculation of either Initial or Sustained Primary Frequency
Response.

T = Time in Seconds
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Attachment B to

Primary Frequency Response Reference Document

Sustained Primary Frequency Response Methodology for
BAL-001-TRE-23
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Primary Frequency Response Measurement and Rolling Average
Calculation—Sustained Response

Read Deadband, Droop,
MWoacs, LSL PA capacity,
Freauencv and Resource

Calculate Ramp
Magnitude

v

Calculate Expected
Primary Frequency
Response

'

Calculate Actual
Primary

|

Calculate P.U.
Primary

I

Calculate P.U. Primary
Frequency Response
Rolling Average

Is Rolling
Average >
0.75

| Fail R10 I

Pass R10
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| Pre/Post-Perturbation Average MW and Average Frequency Calculations

Read Actual MW &
Frequency

Calculate Pre-Perturbation average for MW and
Frequency

-2
XMW i 3L

I-l6  i-le

# of Scans T# of Scans

Calculate Post-Perturbation MW and Frequency at T+46

Maximum (MW, ot MW, ), HZ | a6,

End
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| [Ramp Magnitude Calculation - Sustained [Formatted; Font: 12 pt
Ramp Magnitude .. =(MW,_, — MW, ,)*0.821
A 4
End
(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator facility for a full [Formatted; Font: 12 pt

minute prior to the event. The factor 0.821 adjusts this full minute ramp to represent the ramp the
generator would have changed the system had it been allowed to continue on its ramp to T+46
unencumbered.

Actual Sustained Primary Frequency Response (ASPFRadj)

For low frequency events:

ASPER,,; = Maximum (MW, oo : MW, ) = MW, oiain — Ramp Magnitudey,,,;,.,

End

JFor high frequency events: [Formatted: Font: 12 pt

ASPFRA./; = Minimum (MW, . : MW, ) — Mmu'r‘-ncﬂurhulun — Ramp Magnitudeq,, ...

End

Page 47 of 59



Public

BAL-001-TRE-32 — Primary Frequency Response in the ERCOT Region

[Expected Sustained Primary Frequency Response Calculation [Formatted: Font: 12 pt

Use the droop and deadband as required by R6. For Combined Cycle Facility evaluation as a
single resource (includes MW production of the steam turbine generator), the EPFR will use
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Frequency Response in the ERCOT Region

5.78% droop in all calculations.

T-2
Wz o HZ Read Deadband, Droop, MW, LSL, PA
pre=pe #of Scans capacity and HZpre-perturbation™
No

If (HZore - perturbation < 60)

jf[(HZ/W pertirbation 60)<J

(-1%DB) ESPFR,._punn =0

ESPFRpre—perturbution =

(HZpre—perturbation —60.0 + DB)
(60 x Droop — DB)

x (MWgcs — PA Capacityy»(—1)

U((HZ s = 60)> (DB)) ESPFR .. osaron =0 | ,
Yes
HZ o porturbation — 60.0 — DB ) ,
ESPFRpro—perturbation = ( p”(ggr;;):oﬁ; ~B) ) x (MWgcs — PA Capacity) x (—1)
v
End
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‘ *Hzpasl—pemubamn = HZT +46) Read Deadband, Droop, MWGCS: HSL, LSL, PA

capa City and HZpost-perturbation®

I

No

If (HZoost - perturpation < 60)

ESPER, . iiotoon =0

(Hz;m perturbation
f[(f 1* DB)

x (MWgcs — PA Capacity) x (—1)

y
_ [(Hzpost—perturbation —60.0 + DB)
—>

ESPFRpostfperturbatian - (60 X DTOOp — DB)

ESPFR;)O:!—_vorrw‘[mwn = 0 >

ESPFRpgst—perturbatian
_ (HZpost—perturbatinn —60.0+ DB)

(60 x Droop — DB) x (MWgcs — PA Capacity) x (—1)

End

ESPFR,,,,=ESPFR — ESPFR

nost— perturbatn pre— perturbatbn
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Adjustment for Steam Turbine

Read K(Limiting Factor), Throttle
Pressure curve breakpoints, MWaqcs,

MWpre-perturbation and MWpost-perturbation

v

MWpost—perturbatiun
(MWgcs — PA Capacity)

v

Steam Flow Change Factor =

v

x(MWgcs — PA Capacity)xSteam Flow Change Factorx(—1)

l

Throttle Pressure = Interpolation of Pressure curve at MWreperturbation

}

ESPFR 1, = (ESPFR o + MW e )*

final

% Steam Flow =

% Steam Flow
0.5

K
Rated Trottle Pressure

MW,4; = ESPFRigoq %

Throttle Pressure
Rated Throttle Pressure

End

MW = Maximum (MW, : MW, ) for low frequency events.

post-perturbation

MW errbation = Minimum (MW, : MW, ) for high frequency events.
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Adjustment for Combustion Turbines and Combined Cycle Facilities [Formatted; Font: 12 pt

Read MWoacs, PA capacity, HZpost-perturbation ™

A 4

ESPFRfina1 = ESPFRigeq1 + (HZpost—perturbation — 60.0) x 10 x 0.00276 x (MWgcs — PA Capacity)

.

0.00276 is the MW/0.1 Hz change per MW of capacity and represents the MW change in [Formatted: Font: 12 pt

generator output due to the change in mass flow through the combustion turbine due to the speed
change of the turbine during the post-perturbation measurement period. (This factor is based on
empirical data from a major 2003 event as measured on multiple combustion turbines in ERCOT.)

Adjustment for BESS with capacity that is not expected to provide PFR

Read MWgcs, capacity not expected to
provide PFR

ESPFRfina = Minimum (ESPFR;geq;, MW s — capacity not expected to provide PFR)

|

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.
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Adjustment for Other Units ( Formatted: Font: 12 pt

Read Limiting Factor

LSPIR;,, = ESPFR,, +X

*HZ =HZ + 46) { Formatted: Font: 12 pt
A

Actual

This adjustment Factor X will be developed to properly model the delivery of PFR due to known
and approved technical limitations of the resource. X may be adjusted by the BA and may be

variable across the operating range of a resource., [Formatted; Font: 12 pt
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P.U. Sustained Primary Frequency Response Calculation [Formatted: Font: 12 pt

*HZ

Actual

=HZt+16) [ Formatted: Font: 12 pt
i
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Public

AMW,cnar, AHZ petyqr, MWges, PA Capacity, Ramp Magnitude

If Unit has

No Evaluation **

Headroom* AND

MW .gpre perurbation
>2LSL

ASPFR,,
PU.SPFR=———44
ESPFR,

inal

If P.U. SPFR
>2.0

If P.U. SPFR
<0.0

P.U.SPFR=0

INESPFR . = Headroom)

Re sponse in right direction
(ASPFR ,* AHZ .., )< 0

]

P.U.SPFR=0

ASPFR

P.U.SPFR = <l
ESPFR

Final

Note, EPFRfinal = Headroom

If P.U. SPFR <
0.75

P.U.SPFR =0.75

If P.U. SPFR >
1.0

P.U.SPFR=1.0
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*Check for adequate up headroom, low frequency events. Headroom must be greater than either
XMW or 2% of (MWacs less PA capacity), whichever is larger. If a unit does not have adequate
up headroom, the unit is considered operating at full capacity and will not be evaluated for low

| frequency events, where X is 5 MW for generating unit/generating facility and 3 MW for BESS. [Formatted: Font: 12 pt

Check for adequate down headroom, high frequency events. Headroom must be greater than
either XMW or 2% of (MWacs less PA capacity), whichever is larger. If a unit does not have
adequate down headroom, the unit is considered operating at low capacity and will not be

evaluated for high frequency events, where X is 5 MW for generating unit/generating facility and 3 [Formatted; Font: 12 pt
MW for BESS.
N [Formatted: Font: 12 pt

For low frequency events:

Headroom = MWgs — PA Capacity — MWy_,

N [Formatted: Font: 12 pt

For high frequency events:

Headroom = MW, , — LSL

*No further evaluation is required for Sustained Primary Frequency Response. This event will not [Formatted: Font: 12 pt
be included in the Rolling Average calculation of either Initial or Sustained Primary Frequency
Response.

T = Time in Seconds

Page 56 of 59



Public

BAL-001-TRE-32 — Primary Frequency Response in the ERCOT Region

Revision History

Version Date Action Change Tracking
1 7/25/2011 | Approved by SDT and submitted to
Texas RE RSC for approval to post
for regional ballot
1.1 12/7/2012 | Approved by SDT for submission to | Changed sustained measure from
Texas RE RSC for approval to post | average over event recovery period to
for second regional ballot. point at 46 seconds after FME, and other
changes to respond to field trial results,
comments, and corrections.
1.1 3/6/2013 Texas RE RSC approves submittal
to Texas RE Board
1.1 4/23/2013 | Texas RE Board approves submittal
to NERC and FERC
1.1 9/18/2013 | NERC and Texas RE file Petition for
approval to FERC
1.1 1/16/2014 | Approved by FERC
1.2 5/21/2015 | Texas RE Board approves revisions | For clarification and consistency of the

to Attachment 2 Primary Frequency
Response Reference Document

equations used in the Attachment,
changes performed to:

- “T”in the equations refers to the
start of the Frequency
Measurable Event.

- “T-2” nomenclature utilized for
clarity rather than “t(-2)”
(applicable to numerous
equations)

- Removed floating x in EPFRgnai
for Steam Turbine equation

- Corrected sign convention for
Expected Sustained Primary
Frequency Response to match
the calculation for expected
primary frequency response.
Corrected Adjusted MW for
ESPFRina for Steam Turbine by
multiplying -1 to calculate proper
value.

- On Steam Flow Change Factor
removed floating x and reinserted
PA capacity.

- Clarified Footnote 5 for scenario
of high frequency event for
setting LSL as operating margin
(similar to HSL for low frequency
events).

- Clarified in flowcharts for both
P.U. Initial Primary & Sustained
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Frequency Response
Calculations:
o Unit needs to have
Headroom and be above
LSL to be scored.
o Cap EPFRynal at value of
Headroom on unit
- Per RSC 5/11/2015, all
references to “Final” were
changed to “final”.
- Per RSC 5/11/2015, P.U.PFR
and P.U.S.PFR removed italics in
flowcharts.

1.3

11/14/2016

RSC approves minor changes to
Attachment 2 Primary Frequency
Response Reference Document

Replaced Reliability Standards
Committee with Members
Representative Committee to conform
with changes to the Texas RE bylaws
and regional standards development
process.

1.3

12/07/2016

Texas RE Board approves minor
changes to Attachment 2 Primary
Frequency Response Reference
Document.

Replaced Reliability Standards
Committee with Members
Representative Committee to conform
with changes to the Texas RE bylaws
and regional standards development
process.

2.0

12/11/2019

Texas RE Board approves changes
to the Attachment.

Removed the requirement for Governor
droop and deadband settings for Steam
turbines of combined cycle resources.

Edited Requirements R9.3 and R10.3 to
reflect the current process for submitting
an exclusion request.

Removed Attachment 1, which is the
implementation plan for Regional
Standard BAL-001-TRE-1. Changed
numbering on Attachment 2 to
Attachment 1

3.0

TBD

Attachment 1 was updated to align the
MWogcs definition and provide
calculations for BESS. There is an
additional calculation to provide a
breakout for expected primary frequency
response calculation for BESS and to
account for any capacity that is not
expected to provide PFR. Several
sections were updated to align and
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account for capacity not expected to
provide PFR for BESS as well.

The flowcharts in Attachments A and B
to the reference document were also
updated to account for BESS expected
primary frequency response
calculations.{Peseription-of Changes-to
CLELRS Lttt
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A. Introduction

1.

2
3.
4

Title: Primary Frequency Response in the ERCOT Region
Number: BAL-001-TRE-23

Purpose: To maintain Interconnection steady-state frequency within defined limits.

Applicability:

4.1. Functional Entities:
4.1.1 Balancing Authority
4.1.2 Generator Owners
4.1.3 Generator Operators

4.2. Exemptions

4.2.1 Existing generating facilities regulated by the U.S. Nuclear Regulatory
Commission prior to the Effective Date are exempt from Standard BAL-
001-TRE-23.

4.2.2 Generating units/generating facilities while operating in synchronous
condenser mode are exempt from Standard BAL-001-TRE-23.

4.2.3 Any generators that are not required by the Balancing Authority to
provide primary frequency response are exempt from this standard.

Effective Date: See Implementation Plan for Regional Standard BAL-001-TRE-23.

Background: The ERCOT Interconnection was initially given a waiver of BAL-001 R2
(Control Performance Standard CPS2). In FERC Order 693, NERC was directed to
develop a Regional Standard as an alternate means of assuring frequency
performance in the ERCOT Interconnection. NERC was explicitly directed to
incorporate key elements of the existing Protocols, Section 8.5. This required
governors to be in service and performing with an un-muted response to assure an
Interconnection minimum Frequency Response to a Frequency Measurable Event
(FME) (that starts at £(0)).

This Regional Standard provides requirements related to identifying Frequency
MeasureableMeasurable Events, calculating the Primary Frequency Response of
each resource in the Region, calculating the Interconnection minimum Frequency
Response and monitoring the actual Frequency Response of the Interconnection,
setting Governor deadband and droop parameters, and providing Primary
Frequency Response performance requirements.

Under this standard, two Primary Frequency Response (PFR) performance measures
are calculated: -“initial” and “sustained-"".’

the actual response compared to the expected response in the period from 20 to 52
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The initial PFR performance (R9) measures

Public

[ Style Definition: Comment Text

)

Style Definition: Requirement: Font: +Body (Calibri),
Tab stops: 1.15", List tab

|

Style Definition: Measure: Font: (Default) +Body
(Calibri), Indent: Left: 0.25", Hanging: 0.38", Space
Before: 6 pt, After: 0 pt, Numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 + Alignment:
Left + Aligned at: 0.5" + Indent at: 0.75", Tab stops:
1.15", List tab + Not at 0.65"

[ Formatted: Font color: Text 1

[ Formatted: Font color: Text 1

[ Formatted: Font color: Text 1

[ Formatted: Font color: Text 1

[ Formatted: Font color: Text 1

{ Formatted: Font color: Text 1

[ Formatted: Font color: Text 1




BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

seconds after an FME starts. The sustained PFR performance (R10) measures the best
actual response between 46 and 60 seconds after t(0) compared to the expected
response based on the system frequency at a point 46 seconds after t(0).

In this Regional Standard the termterms “resource” is-syroenymeus-withand “generating «

unit/generating facility’~” refers to any resource capable of providing energy to the
ERCOT region. Examples include, but are not limited to, the following:

e Hydro

e Combustion Turbine (Simple Cycle and Single-Shaft Combined Cycle)
e Steam Turbine

e Diesel

e Battery Energy Storage System (BESS)

e DCTie Providing Ancillary Services

B. Requirements and Measures

R1.

The Balancing Authority shall identify Frequency Measurable Events (FMEs), and
within 14 calendar days after each FME, the Balancing Authority shall notify the
Compliance Enforcement Authority and make FME information (time of FME (t(0)),
pre-perturbation average frequency, post--perturbation average frequency) publicly
available. [Violation Risk Factor — Lower] [Time Horizon — Operations Assessment]

M1. The Balancing Authority shall have evidence that it reported each FME to the <

R2.

Compliance Enforcement Authority and that it made FME information publicly
available within 14 calendar days after the FME as required in Requirement R1.

The Balancing Authority shall calculate the Primary Frequency Response of each
generating unit/generating facility in accordance with this standard and the Primary
Frequency Response Reference Document.? This calculation shall provide a 12-month
rolling average of initial and sustained Primary Frequency Response performance. This
calculation shall be completed each month for the preceding 12 calendar months.
[Violation Risk Factor = Lower] [Time Horizon = Operations Assessment]

2.1. The performance of a combined cycle facility will be determined using an “
expected performance droop of 5.78%.

L The Attachment 1; Primary Frequency Response Reference Document contains the calculations that the
Balancing Authority will use to determine Primary Frequency Response performance of generating
units/generating facilities. -This reference document is a Texas RE-controlled document that is subject to revision

by the Texas RE Board of Directors.
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M2,

R3.

M3.

R4.

M4.

R5.

M5.

2.2. The calculation results shall be submitted to the Compliance Enforcement
Authority and made available to the Generator Owner by the end of the month
in which they were completed.

2.3. If a generating unit/generating facility has not participated in a minimum of {8}
eight (8) FMEs in a 12-month period, its performance shall be based on a rolling
eight FME average response.

The Balancing Authority shall have evidence it calculated and reported the rolling <
average initial and sustained Primary Frequency Response performance of each
generating unit/generating facility monthly as required in Requirement R2.

A
The Balancing Authority shall determine the Interconnection minimum Frequency

Response (IMFR) in December of each year for the following year, and make the IMFR,
the methodology for calculation and the criteria for determination of the IMFR
publicly available. -[Violation Risk Factor = Lower] [Time Horizon = Operations
Planning]

The Balancing Authority shall demonstrate that the IMFR was determined in N

December of each year per perRequirement R3. The Balancing Authority shall
demonstrate that the IMFR, the methodology for calculation and the criteria for
determination of the IMFR are publicly available.

After each calendar month in which one or more FMEs eceursoccur, the Balancing
Authority shall determine and make publicly available the Interconnection’s combined
Frequency Response performance for a rolling average of the last six (6) FMEs by the
end of the following calendar month. [Violation Risk Factor = Medium] [Time Horizon
= Operations Planning]

The Balancing Authority shall provide evidence that the rolling average of the A
Interconnection’s combined Frequency Response performance for the last six (6) FMEs
was calculated and made public per Requirement R4.

Following any FME that causes the Interconnection’s six-FME rolling average
combined Frequency Response performance to be less than the IMFR, the Balancing
Authority shall direct any necessary actions to improve Frequency Response, which
may include, but are not limited to, directing adjustment of Governor deadband
and/or droop settings. [Violation Risk Factor = Medium] [Time Horizon = Operations
Planning]

The Balancing Authority shall provide evidence that actions were taken to improve the «
Interconnection’s Frequency Response if the Interconnection’s six-FME rolling average
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combined Frequency Response performance was less than the IMFR, per Requirement
R5.

“ [ Formatted: Measure, Indent: Left: 0.63"

Page 4 of 78



BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

R6. Each Generator Owner shall set its Governor parameters, as fellews:set forth in “
Requirement R6, Parts 6.1, 6.2, and 6.3. Requirement R6, Parts 6.1, 6.2, and 6.3 are
not applicable to steam turbine(s) of a combined cycle resource.

6-1. 6.1. Limit Governor deadbands within those listed in Table 6.1, unless directed «
otherwise by the Balancing Authority.

Table 6.1 Governor Deadband Settings

Generator Type Max. Deadband
Steam and Hydro Turbines with +/-0.034 Hz
Mechanical Governors
AllOther Generating +/- 0.647036 Hz
Units/Generating
Faeilities*Generating
units/generating facilities that
are not qualified 2 to provide
Operating Reserves and have
obtained prior written approval
from the Balancing Authority to
widen their deadband settings

All Other generating +/-0.017 Hz
units/generating facilities

6-2-6.2. Limit Governor droop settings such that they do not exceed those listed «
—in Table 6.2, unless directed otherwise by the Balancing Authority.

Table 6.2 Governor Droop Settings

Generator Type Max. Droop % “
Setting

Hydro 5%

Shaft Combined Cyele)

Combustion Turbine (Combined Cycle) 4% -

Steam-Furbine*-All other generating 5% <

units/generating facilities

Diesel 5%

2 Refers to ancillary service qualification criteria as required by the Balancing Authority.
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6-3-6.3. For digital and electronic Governors, once frequency deviation has exceeded+«
the Governor deadband from 60.000 Hz, the Governor setting shall follow the
slope derived from the formula below.

Where <

MWars

For 5% Droop: Slope

{30 Hz-Gowrernor Deadiyend HE)

MW ors

(2.4 Hz—Governor Deadband Hz)

For 4% Droop:  Slope

MWgcs is the maximum megawatt control range of the Governor-
control ———— system. For mechanical Governors, droop will be
proportional from the deadband by design. See
Attachment 1: Primary Frequency Response Reference Document for specific
calculations. [Violation Risk Factor = Medium] [Time Horizon =

Operations Planning]

M6. Each Generator Owner shall have evidence that it set its Governor parameters in “
accordance with Requirement R6. Examples of evidence include but are not limited to:
= Governor test reports
= Governor setting sheets
= Performance monitoring reports
= Written approval from the Balancing Authority to widen generating
units’/generating facilities’ deadband settings to +/- 0.036 Hz

R7. Each Generator Owner shall operate each generating unit/generating facility thatis <
connected to the interconnected transmission system with the Governor in service
and responsive to frequency when the generating unit/generating facility is online and
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released for dispatch, unless the Generator Owner has a valid reason for operating
with the Governor not in service and the Generator Operator has been notified that
the Governor is not in service. [Violation Risk Factor = Medium] [Time Horizon = Real-
time Operations]

M7. Each Generator Owner shall have evidence that it notified the Generator Operator as -« [ Formatted: Indent: Left: 0", First line: 0" ]
soon as practical each time it discovered a Governor not in service when the
generating unit/generating facility was online and released for dispatch. Evidence may
include but not be limited to: operator logs, voice logs, or electronic communications.

R8. Each Generator Operator shall notify the Balancing Authority as soon as practical but -« [Formatted: Tab stops: Not at 0.71" ]
within 30 minutes of the discovery of a status change (in service, out of service) of a
Governor. [Violation Risk Factor = Medium][Time Horizon = Real-time Operations]

M8. Each Generator Operator shall have evidence that it notified the Balancing Authority < [Formatted: Indent: Left: 0", First line: 0" ]
within 30 minutes of each discovery of a status change (in service, out of service) of a
Governor.

R9. R9. Each Generator Owner shall meet a minimum 12-month rolling average initial < [Formatted: Tab stops: 1", Left + Notat 0.71" ]

Primary Frequency Response performance of 0.75 on each generating unit/generating
facility, based on participation in at least eight FMEs. See Attachment 1: Primary
Frequency Response Reference Document for specific calculations.

9.1 9.1 The initial Primary Frequency Response performance shall be the ratio of < Formatted: Indent: Left: 0.44", Hanging: 0.56", No
the Actual Primary Frequency Response to the Expected Primary Frequency bullets or numbering, Tab stops: Not at 1.29"
Response during the initial measurement period following the FME.

92, 9.2 If a generating unit/generating facility has not participated in a minimum
of eight FMEs in a 12-month period, performance shall be based on a rolling
eight-FME average.

83. 9.3 A generating unit/generating facility’s initial Primary Frequency Response
performance during an FME may be excluded from the rolling average
calculation by the Balancing Authority due to a legitimate operating condition
that prevented normal Primary Frequency Response performance. Examples of
legitimate operating conditions that may support exclusion of FMEs include, but
are not limited to:

e Operation at or near auxiliary equipment operating limits (such as
boiler feed pumps, condensate pumps, pulverizers, and forced draft
fans);

e Data telemetry failure. -The Balancing Authority may request raw
data from the Generator Owner as a substitute.
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[Violation Risk Factor = Medium] [Time Horizon = Operations Assessment]

M9. Each Generator Owner shall have evidence that each of its generating A [Formatted: Indent: Left: 0", First line: 0" ]
units/generating facilities achieved a minimum rolling average of initial Primary
Frequency Response performance level of at least 0.75 as described in Requirement
R9. Each Generator Owner shall have documented evidence of any FMEs where the
generating unit performance was excluded from the rolling average calculation.

R10. R10. Each Generator Owner shall meet a minimum 12-month rolling average b [Formatted: Tab stops: 0.63", Left + Not at 0.71" ]
sustained Primary Frequency Response performance of 0.75 on each generating
unit/generating facility, based on participation in at least eight FMEs. See Attachment
1: Primary Frequency Response Reference Document for specific calculations.
[Violation Risk Factor = Medium] [Time Horizon = Operations Assessment]

101 10.1. The sustained Primary Frequency Response performance shall be the ratio < {Formatted: Indent: Left: 0.63", Hanging: 0.38", No }
of the Actual Primary Frequency Response to the Expected Primary Frequency bullets or numbering, Tab stops: Not at 1.29"
Response during the sustained measurement period following the FME.

10.2.10.2. If a generating unit/generating facility has not participated in a minimum
of eight FMEs in a 12-month period, performance shall be based on a rolling
eight--FME average.

10-3- 10.3. A generating unit/generating facility’s sustained Primary Frequency
Response performance during an FME may be excluded from the rolling average
calculation by the Balancing Authority due to a legitimate operating condition
that prevented normal Primary Frequency Response performance. Examples of
legitimate operating conditions that may support exclusion of FMEs include;-,
but are not limited to:

e Operation at or near auxiliary equipment operating limits (such as boiler
feed pumps, condensate pumps, pulverizers, and forced draft fans);

o Data telemetry failure. The Balancing Authority -may request raw

data from the Generator Owner as a substitute.

. . h {Formatted: Font: Arial }
M10. Each Generator Owner shall have evidence that each of its generating « { Formatted: Default, Right: 0", Space After: 0 pt, Line }
units/generating facilities achieved a minimum rolling average of sustained Primary spacing: single, No bullets or numbering

Frequency Response performance of at least 0.75 as described in Requirement R10. [F°"maﬂed! Indent: Left: 0", First line: 0" ]
Each Generator Owner shall have documented evidence of any Frequency Measurable

Events where generating unit performance was excluded from the rolling average

calculation.

« [ Formatted: Indent: First line: 0" }

C. Compliance
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1.

Compliance Monitoring Process

1.1. Compliance Enforcement Authority: “Compliance Enforcement Authority” (CEA)

means NERC or the Regional Entity, or any entity as otherwise designated by an
Applicable Governmental Authority, in their respective roles of monitoring
and/or enforcing compliance with mandatory and enforceable Reliability
Standards in their respective jurisdictions.

1.2. Compliance Monitoring Period and Reset Time Frame: If a generating

: A Thicwi G )
performance-caleulation unit’s/generating facility’s rolling average for R9 or R10

falls below the required minimum rolling average(s) performance level, and the
CEA has approved the GO’s mitigation activities, the GO may initiate a request to
the CEA to reset the rolling average(s). After CEA consultation with the BA, and if
the CEA approves the request to reset the rolling average(s), the CEA shall notify
the BA that the GO may begin a new rolling average(s). In the CEA’s notice to the
BA, the CEA shall provide the BA with an effective date of the reset time for the
rolling average(s). Upon receipt of the notice from the CEA, the BA shall, as soon
as practicable, implement the change to the GO’s rolling average(s). The first
performance during an FME following the CEA’s effective date to the BA shall
count as the first event in the rolling average(s), and the entity will have an
average frequency performance score after 12 successive months or eight events
perunder Requirements R9 and R10 of the Regional Standard.

1.3. Evidence Retention: The following evidence retention period(s) identify the

period of time an entity is required to retain specific evidence to demonstrate
compliance. For instances where the evidence retention period specified below

is shorter than the time since the last audit, the ComplianceEnforcement
AutherityCEA may ask an entity to provide other evidence to show that it was
compliant for the full-time period since the last audit.

The applicable entity shall keep data or evidence to show compliance as

identified below unless directed by its Compliance-Enforcement-AuthorityCEA to

retain specific evidence for a longer period of time as part of an investigation.

The Balancing Authority, Generator Owner, and Generator Operator shall keep
data or evidence to show compliance, as identified below, unless directed by its

Compliance-Enforcement-AuthorityCEA to retain specific evidence for a longer

period of time as part of an investigation:

e The Balancing Authority shall retain a list of identified FMEs and shall
Page 9 of 78
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retain FME information since its last compliance audit for Requirement R1,
Measure M1.

e The Balancing Authority shall retain all monthly PFR performance
reports since its last compliance audit for Requirement R2, Measure M2.

e The Balancing Authority shall retain all annual IMFR calculations, and
related methodology and criteria documents, relating to time periods since
its last compliance audit for Requirement R3, Measure M3.

e The Balancing Authority shall retain all data and calculations relating to the
Interconnection’s combined Frequency Response performance, and all
evidence of actions taken to increase the Interconnection’s combined
Frequency Response performance, since its last compliance audit for
Requirements R4 and R5, Measures M4 and M5.

e Each Generator Operator shall retain evidence since its last compliance
audit for Requirement R8, Measure M8.

e Each Generator Owner shall retain evidence since its last compliance audit
for Requirements R6, R7, R9 and R10, Measures M6, M7, M9 and M10.

If an entity is found non-compliant, it shall retain information related to the
non--compliance until found compliant, or for the duration specified above,
whichever is longer.

Fhe-Compliance-Enforcement-AutherityThe CEA shall keep the last audit

records and all requested and submitted subsequent records.

1.4. Compliance Monitoring and Enforcement Program: As defined in the NERC Rules
of Procedure, “Compliance Monitoring and Enforcement Program” refers to the
identification of the processes that will be used to evaluate data or information
for the purpose of assessing performance or outcomes with the associated
Reliability Standard.

Compliance Audits
Self-Certifications

Spot Checking

Compliance Violation Investigations
Self-Reporting

Complaints
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Violation Severity Levels

R1.

Lower VSL

The Balancing Authority
reported an FME more than
14 days but less than 31 days
after identification of the
event.

Violation Severity Levels

Moderate VSL

The Balancing Authority
reported an FME more than
30 days but less than 51 days
after identification of the
event.

High VSL

The Balancing Authority
reported an FME more than
50 days but less than 71 days
after identification of the
event.

Severe VSL

The Balancing Authority
reported an FME more than
70 days after identification
of the event.

R2.

The Balancing Authority
submitted a monthly report
more than one month but
less than 51 days after the
end of the reporting month.

The Balancing Authority
submitted a monthly report
more than 50 days but less
than 71 days after the end of
the reporting month.

The Balancing Authority
submitted a monthly report
more than 70 days but less
than 91 days after the end of
the reporting month.

The Balancing Authority
failed to submit a monthly
report within 90 days after
the end of the reporting
month.

R3.

The Balancing Authority did
not make the calculation and
criteria for determination of
the IMFR publicly available.

The Balancing Authority did
not make the IMFR publicly
available.

The Balancing Authority did
not calculate the IMFR for
the following year in
December.

The Balancing Authority did
not calculate the IMFR for a
calendar year.

R4.

N/A

N/A

The Balancing Authority did
not make public the six-FME
rolling average
Interconnection combined
Frequency Response by the
end of the following month.

The Balancing Authority did not
calculate the six-

_FME rolling average
Interconnection combined
Frequency Response for any
month in which an FME
occurred.
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R5.

N/A

N/A

N/A

The Balancing Authority did
not take action to improve
Frequency Response when
the Interconnection’s rolling-
average combined
Frequency Response
performance was less than
the IMFR.

Public

[ Formatted: Font: Calibri

R6.

Any Governor parameter
setting was > 10% and < 20%
outside setting range
specified in R6.

Any Governor parameter
setting was > 20% and < 30%
outside setting range
specified in R6.

Any Governor parameter
setting was > 30% and < 40%
outside setting range
specified in R6.

Any Governor parameter
setting was > 40% outside
setting range specified in R6,
—0OR-

an electronic or digital

Governor was set to step
into the droop curve.

R7.

N/A

N/A

N/A

The Generator Owner
operated with its Governor
out of service and did not
notify the Generator
Operator upon discovery of
its Governor out of service.

R8

The Generator Operator
notified the Balancing
Authority of a change in
Governor status between 31
minutes and one hour after
the General Operator was

The General Operator
notified the Balancing
Authority of a change in
Governor status more than 1
hour but within 4 hours after
the Generator Operator was

The Generator Operator
notified the Balancing
Authority of a change in
Governor status more than 4
hours but within 24 hours
after the Generator

The Generator Operator
failed to notify the Balancing
Authority of a change in
Governor status within 24
hours after the Generator
Operator was notified of the
discovery of the change.
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notified of the discovery of
the change.

notified of the discovery of
the change.

Operator was notified of the
discovery of the change.

average sustained Primary
Frequency Response
performance per R10 was <
0.75 and > 0.65.

average sustained Primary
Frequency Response
performance per R10 was <
0.65 and > 0.55.

average sustained Primary
Frequency Response
performance per R10 was <
0.55 and > 0.45.

R9 A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling
average initial Primary average initial Primary average initial Primary average initial Primary
Frequency Response Frequency Response Frequency Response Frequency Response
performance per R9 was < performance per R9 was < performance per R9 was < performance per R9 was <
0.75 and > 0.65. 0.65 and > 0.55. 0.55 and > 0.45. 0.45.

R10 A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling | A Generator Owner’s rolling

average sustained Primary
Frequency Response
performance per R10 was <
0.45.

D. Regional Variances

None

E. Associated Documents
Regional Standard BAL-001-TRE-23 Implementation Plan
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Version History
|

Version Date ‘ Action Change Tracking Formatted Table
|
1 8/15/2013 Adopted by NERC Board of Trustees
1 1/16/2014 FERC Order issued approving BAL-001-TRE-1.

(Order becomes effective April 1, 2014.)

2 12/11/2019 | Approved by Texas RE Board of Directors Removed the requirement
Governor droop and deadband
settings for Steam Turbine(s) of
combined cycle resources.

Edited Requirements R9.3 and
R10.3 to reflect the current
process and legitimate
operating conditions for
submitting an FME exclusion
request.

Removed Attachment 1, which is
the implementation plan for
Regional Standard BAL-001-TRE-1.

{ Formatted: Right

Page 14 of 78 «



‘ BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

Include a provision that allows
any generation resource that is
not qualified to provide
Operating Reserves to widen the
resource’s Governor deadband
to +/- 0.036 Hz upon
confirmation from the Balancing

Authority (BA).

Clarify the roles of the
Generator Owner (GO),
Compliance Enforcement
Authority

(CEA), and the BA as they
pertain to the Compliance
Monitoring Period and Reset
Time Frame (Section C: 1.2) in
regard to resetting the 12-
month rolling average
Primary Frequency Response
(PFR) performance score.

Define PFR performance
requirements for Battery Energy

Storage Systems (BESS).

Standard Attachments

1. Attachment 1. - Primary Frequency Response Reference Document, including Flow Charts A and B.

This document provides implementation details for calculating Primary Frequency
Response performance as required by Requirements R2, R9, and R10. This reference
document is a Texas RE-controlled document that is subject to revision by the Texas RE
Board of Directors. It is not part of the FERC-approved regional standard.

The following process will be used to revise the Primary Frequency Response Reference
Document. A Primary Frequency Response Reference Document revision request may be
submitted to the Texas RE Reliability Standards Manager, who will present the revision
request to the Texas RE Member Representatives Committee (MRC) for consideration. The
revision request will be posted in accordance with MRC procedures. The MRC shall discuss
the revision request in a public meeting; and will accept and consider verbal and written
comments pertaining to the request. The MRC will make a recommendation to the Texas
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[ Formatted: Font: Arial, 12 pt

[ Formatted: Font: 12 pt

{ Formatted: Font: 12 pt

[ Formatted: Font: 12 pt




’ BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

RE Board of Directors, which may adopt the revision request, reject it, or adopt it with
modifications. Any approved revision to the Primary Frequency Response Reference
Document shall be filed with NERC and FERC for informational purposes.

“ { Formatted: Left, Tab stops: 4.15", Left
Attachment 1
Primary Frequency Response Reference Document
Texas Reliability Entity, Inc. | Formatted: Font: 12 pt

BAL-001 'TRE'2§ { Formatted: Font: 12 pt

Requirements R2, R9, and R10
Performance Metric Calculations

1. Introduction [ Formatted: Font: 12 pt

This Primary Frequency Response Reference Document provides a methodology for determining {Formatted: Font: 12 pt

the Primary Frequency Response (PFR) performance of individual generating units/generating
facilities following Frequency Measurable Events (FMEs) in accordance with Requirements R2,

Page 2 of 78



BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

R9,and R10. Flowcharts in Attachment A (Initial PFR) and Attachment B (Sustained PFR) show
the logic and calculations in graphical form, and they are considered part of this Primary
Frequency Response Reference Document. Several Excel spreadsheets implementing the
calculations described herein for various types of generating units are availableZ for reference

and use in understanding and performing these calculations.

This Primary Frequency Response Reference Document is not considered to be a part of the

regional standard. This document is maintained by Texas RE and subject to modifications as

approved by the Texas RE Board of Directors, without being required to go through the formal
Standard Development Process.

Revision Process: The following process will be used to revise the Primary Frequency
Response Reference Document. A Primary Frequency Response Reference Document revision
request may be submitted to the Texas RE Reliability Standards Manager, who will present the
revision request to the Texas RE Member Representatives Committee (MRC) for consideration.
The MRC shall discuss the revision request in a public meeting; and will accept and consider
verbal and written comments pertaining to the request. The MRC will make a recommendation
to the Texas RE Board of Directors, which may adopt the revision request, reject it, or adopt it
with modifications. Any approved revision to the Primary Frequency Response Reference
Document shall be filed with NERC and FERC for informational purposes.

As used in this document the following terms are defined as shown:

High Sustained Limit (HSL) for a generating unit/generating facility: The limit
established by the GO/GOP, continuously updatable in Real-Time, that describes the
maximum sustained energy production capability of a generating unit/generating
facility.

JLow Sustained Limit (LSL) for a generating unit/generating facility: The limit
established by the GO/GOP, continuously updatable in Real-Time, that describes the
minimum sustained energy preduction-capability of a generating unit/generating facility.
This value could be negative for BESS to represent the charging capability,

<

ALn—thJs—regienal—Maximum Megawatt Governor Control System (MWagcs) for the purposes
of this standard, the-termmmaximum megawatt control range of the Governor control system
MWoacs is calculated from HSL to LSL for BESS and HSL to O for all other all generator

types.

Design Settings versus real-time Evaluation: Settings and verifications (Requirement
R6) are constructed around unit design parameters, while frequency response
expectations and evaluation scores, for every frequency event, are based upon real-time
telemetered values.

In this Regional Standard the terms, “resource” is-synonymeus-withand, “generating

unit/generating facility”-" refers to any resource capable of providing energy to the ERCOT
region. Examples include, but are not limited to, the following:

! These spreadsheets are available atwww.TexasRE.erg.on Texas RE’s public website.
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e Hydro :
. . . . . Formatted: Font: Arial, 12 pt, Bold
e Combustion Turbine (Simple Cycle and Single-Shaft Combined Cycle) [ - ——
e Steam Turbine [ Formatted: Default, Line spacing: single
e Diesel [ Formatted: Font: 12 pt, Not Bold

e Battery Energy Storage System (BESS) Formatted: Default, Space After: 0 pt, Line spacing:
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A ) . . : { Formatted: Font: 12 pt
L. Initial Primary Frequency Response Calculations
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R9. Each Generator Owner shall meet a minimum 12--month rolling average initial Primary <
Frequency Response performance of 0.75 on each generating unit/generating facility,
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Response Reference Document for specific calculations,
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9. 1= The initial Primary Frequency Response performance shall be the ratio of the
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Actual Primary Frequency Response to the Expected Primary Frequency Response

. . . F tted: Font: Arial, 12 pt
during the initial measurement period following the FME. | ormatiec oM 1L 2P

Formatted: Font: 12 pt
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actual PER (APFRadj), adjusted for the pre-event ramping of the unit, and the Final-Expectedfinal
expected Primary Frequency Response (EPFRiinal) as calculated using the Prepre-perturbation
and Pestpost-perturbation time periods of the initial measure.

This comparison of actual performance to a calculated target value establishes, for each type of
resource, the initial PerUnit-Primary-Frequeney-Respenseper unit PER [P.U.PFRResource] for any
Frequency Measurable Event (FME)..,

Initial Primary Frequency Response performance requirement
Avgperiod [P- U-PFRResource] = 0-754

Where —P.U.PFRresourceisSPFRResource is, the per unit measure of the initial Primary—Frequeney
ResponsePFER of a resource during identified FMEs.

P.UPERx Actual Primary Frequency Re sponseud;

Expected Primary Frequency Re sponsefinal

Actual Primary Frequency ReponseAd/.

P.U.PFRpesource = -
v Resource = Fxpected Primary Frequency Response

Final

Where P.U.PFRResource for each FME is limited to values between 0.0 and 2.0.

The Adjusted-Actual-Primary-Frequency-Respenseadjusted actual PFR (APFRadj) and the Final
Expected-Primary-Frequenecy-Respensefinal expected PFR (EPFRyinay) are calculated as
described below.

EPFR Caleulatienscalculations use droop and deadband values as stated in Requirement R6 with
the exception of combined-cycle facilities while being evaluated as a single resource (MW
production of both the combustion turbine generator and the steam turbine generator are

included in the evaluation) where the evaluation droop will be 5.78%.2

Actual Primary Frequency Response (APFRadj)

The adjusted Actualactual Primary Frequency Response (APFRad)) is the difference between
Post-perturbation Average MW and Pre-perturbation Average MW, including the ramp
magnitude adjustment.

2 The effective droop of a typical combined-cycle facility with governor settings per Requirement R6 is 5.78%,
assuming a 2-to-1 ratio between combustion turbine capacity and steam turbine capacity. Use 5.78% effective droop
in all combined-cycle performance calculations.

Page 5 of 78

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font

212 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

[
[
[
[
[
[
{ Formatted:
[
{
[
[
[
{

Font:

12 pt

o G L

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt, Subscript

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt, Subscript

Formatted:

Font:

12 pt

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt, Subscript

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt

Formatted:

Font:

12 pt, Subscript

Formatted:

[
[
{
[
[
[
[
{ Formatted:
[
[
[
[
[
[
{

Font

:12 pt

0 G )




BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

APFRadj = waast—perwrbation - ware—perrurbatfan - RG?HP Mﬂgnimdé’

Pre-perturbation Average MW: Actual MW averaged from T-16 to T-2

-2
MW
MWpre - permrbation = =——0—

# Scans

Post-perturbation Average MW: Actual MW averaged from T+20 to T+52

ZT+52
MWpost - perturbation = =20
# Scans

calculate P.U.PFR is adjusted for the ramp magnitude of the generating unit/generating facility
during the pre-perturbation minute. The ramp magnitude is subtracted from the APFR.

Ramp Magnitude = (MWT-4 — MWT-60)*0.59

(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator
facility for a full minute prior to the event. The factor 0.59 adjusts this full minute
ramp to represent the ramp that should have been achieved during the post-
perturbation measurement period.

Expected Primary Frequency Response (EPFR)

For all generator types, the ideal Expectedexpected, Primary Frequency Response (EPFRjdeal) is

EPFREdeaI = E‘DFRpast—perrurba:Ean - EPFRpre—per:urbarfon

When the frequency is outside the Governor deadband and above 60Hz:
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EPFRyrg pereurharion

-{HZPFF-'P#FIM‘MHDM — 60.0 — d‘?ﬂdbmmma#} .
B | (60 % droopmay — deadbandqq.) R TONHEL < B fapacitn)

EFFRFN! —perturbaricn

[(HZpost-perturvation — 60.0 — deadband,y,,) |

- %(—1) x (HSL— PAC by
! (60 % droopge, — deadbandy,,) et E apacity)

EPFRpre—perturbatinn
_ [(Hzpre—per[urbation — 60.0 — deadband x )

(60 x droopyq, — deadband .y )

x (=1) x (MWgcs — PA Capacity)]

EPFRpaSt—perturbation
[(szust—verturbation —60.0 — deadbandmax )

(60 x droopmayx — deadband .y )

X (=17x (MWgcs — PA Capacity)]

Formatted: Font: Cambria, 11 pt, Font color: Auto

| Formatted: Font: 12 pt

[ )
[Formatted: CM56, Indent: Left: 0.5", Space After: 11 pt }
[ )
[ ]

EPFRprg-perturbarion | Formatted: CM56, Space After: 11 pt

HZpre-perturbarion — 60.0 + deadband
-f p?ﬁﬂr;r‘:;:" = {m} o) o 1 ca'mmﬂ]

EP-Fan:t—plrtu rhation

 [(HZpost-percursation — 60.0 + deadbandmas) )
= (60 % droop,,, — deadband,, ) XA (S~ A Cepacity)

Formatted: CM22

A <

{ Formatted: Font: Arial, 12 pt
When the frequency is outside the Governor deadband and below 60Hz: « {

Formatted: CM22, Indent: Left: 0", Space After: 0 pt
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(D, D Y Y

EPFRpre—perturbation
_ (HZpre—perturbatiun —60.0 + deadbandmax )

(60 x droopmayx — deadband .y )

x (=1) x (MWgcs — PA Capacity)
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EPFRpost—per[urbation
(HZpost—perturbation —60.0 + deadband ,,« )

(60 x droopya, — deadbandp,y )

x (=1) x (MWgcs — PA Capacity)]

“ { Formatted: Font: Arial, 12 pt

:For each formula, when frequency is within the Governor deadband the appropriate EPFR value -«

i . . Formatted: Don't add space between paragraphs of
is zero. The deadbandmax and droopmax quantities come from Requirement R6.
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measured on multiple combustion turbines in ERCOT.
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Throttle Pressure
Rated Throttle Pressure
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Steam Flow = i
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The Rated Throttle Pressurerated throttle pressure, and the Pressurepressure, curve, based on
generator MW output, are provided by the GO to the BA. This pressure curve is defined by up to
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BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

measure the drop in throttle pressure when the resource is operating near 50% output of the
steam turbine during a FME and provide this ratio of pressure change to the BA. K is then
adjusted based on rated throttle pressure and resource capacity. An additional sensitivity factor,
the Steam-Flew-Change-Factorsteam flow change factor, is based on resource loading (% steam
flow) and further modifies the MW adjustment. This sensitivity factor will decrease the adjustment
at resource outputs below 50% and increase the adjustment at outputs above 50%. The GO
should determine the fixed K factor for each resource that generally results in the best match
between EPFR and APFR (resulting in the highest P.U.PFRResource). FOr any generating unit, K

will not change unless the steam generator is significantly reconfigured.

EPFRisinal for BESS with capacity that is not expected to provide PFR

EPFRfinq = Minimum (EPFR;geq, MWgcs — capacity not expected to provide PFR)

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.

[EPFRyinal for Other Generating Units/Generating Facilities

EPFR;, = EPFR ., + X

Where X is an adjustment factor that may be applied to properly model the delivery of PFR. The -«
X factor will be based on known and accepted technical or physical limitations of the resource. X
may be adjusted by the BA and may be variable across the operating range of a resource. X shall
be zero unless the BA accepts an alternative value.

A

lll. Sustained Primary Frequency Response Calculations

Requirement 10

R10.  FheEach Generator Owner shall meet a minimum 12--month rolling average sustained-

’ Primary Frequency Response performance of 0.75 on each generating
unit/generating facility, based on participation in at least eight FMEs. See Attachment
1: Primary Frequency Response Reference Document for specific calculations.

A

0.1 —The sustained Primary Frequency Response performance shall be the ratio

of the Actual Primary Frequency Response to the Expected Primary Frequency
Response during the sustained measurement period following the FME. |
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10.2 —If a generating unit/generating facility has not participated in a minimum of
eight FMEs in a 12--month period, performance shall be based on a rolling eight--
[FME average.,

10.3, A generating unit/generating facility’s sustained Primary Frequency Response «

performance during an FME may be excluded by-the Balancing-Authorityfrom the

rolling average calculation_by the Balancing Authority, due to a legitimate operating

condition that prevented normal Primary Frequency Response performance.

Examples of legitimate operating conditions that may support exclusion of FMEs

include, but are not limited to:

e Operation at or near auxiliary equipment operating limits (such as boiler N
feed pumps, condensate pumps, pulverizers, and forced draft fans);

o Data telemetry failure. The Balancing Authority may request raw data from «
the Generator Owner as a substitute. ,

Sustained Primary Frequency Response Performance Calculation Methodology

This portion of this PFR Reference Document establishes the process used to calculate
sustained Primary Frequency Response performance for each Frequency Measurable Event
(FME,), and then average the events over a 12-month period (or 8-event minimum) to establish
whether a resource is compliant with Requirement R10.

This process calculates the PerUnit-Sustained-Primary-Frequeney-Respenseper unit sustained PFR
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of a resource [P.U.SPFRRgesource] as a ratio between the maximum actual unit response at any
time during the period from T+46 to T+60, adjusted for the pre-event ramping of the unit, and the

Final Expected-Primary-Frequency-Respensefinal expected PFR (EPFR) value at time T+46 .2 «

.This comparison of actual performance to a calculated target value establishes, for each type

of resource, the PerUnit-Sustained-Primary-Frequeney-Respenseper unit sustained PFR
[P.U.SPFRResource] for any Frequency-Measurable-Event{FME).,

Sustained Primary Frequency Response performance requirement:

The standard requires an average performance over a period of 12 months (including at least

8 measured events) that is 2 0.75.
Angsriod [P- u. S‘DFRResaurce] =075

AVGeerios |[P. U. SPFRgesource] is either:

o the average of each resource’s sustained Primary-Frequency-RespensePFR
performances [P.U.SPFRRgesource] during all of the assessable Frequency Measurable

Events (FMEs), for the most recent rolling 12 month period; or
¢ if the unit has not experienced at least 8 assessable FMEs in the most recent 12

3 The time designations used in this section refer to relative time after an FME occurs. For example, “T+46"” refers to
46 seconds after the frequency deviation occurred.
Page 11 of 78

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt, Subscript

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt, Subscript

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt

Formatted: Font: 12 pt, Subscript

Formatted: Font: 12 pt

o A A e e JC e o G JC L

[
[
[
[
[
[
[
[
[
[
[
{ Formatted: Font: 12 pt
[
[
[
[
[
[
[
[
[
[




’ BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

month period, the average of the unit’s last 8 sustained Primary-Frequeney
RespensePFER performances when the unit provided frequency response during a
Frequency-Measurable-Eventan FME,

Sustained Primary Frequency Response Calculation (P.U.SPFR)

Actual Sustained Primary Frequency Response.d

P U PFERR - ; P. U-SPFRResnurce =
Expected Sustained Primary Frequency Responseyinal

Actual Sustained Primary Frequency chanseM/

Expected Sustained Primary Frequency Responser,

[ Formatted: Font: 12 pt

{ Formatted: Font: 12 pt

o U U
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(D N/ U D WD D,
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B (HZ: . «— 60— deadband m)
| (droop msx 60 — deadband w)

ida tha O

(HZ 7146 — 60 — deadband,,qy)
(drooppay x 60 — deadband )

ESPFRyy46 =

x (MWgcs — PA Capacity) x (—1)]

a

When the frequency is outside the Governor deadband and below 60Hz:

B (HZr + 16— 60 + deadband max)
(dmop maxx 60 — deadband max)

(HZ7146 — 60 + deadband,,qy)
(drooppay x 60 — deadband, )

ESPFRy 46 = [ x (MWgcs — PA Capacity) x (—1)]

Capacity and Net-Dependable-Capability (NDC), are used interchangeably and the term
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of the generating unit/generating facility. The-capacity-forwind-pewered-generators-is-thereal-time
HSL-of the-wind-plant-at-the time-the FME-oceurred—The deadbandmax and droopmax quantities come

from Requirement R6.

For Cembined-Cyelecombined cycle, facilities, determination of Capacitycapacity, includes

subtracting PewerAugmentationpower augmentation, (PA) Capaeitycapacity, if any, from

the

original HSLMWeccs, Other generator types may also have PewerAugmentationpower as, that is not

frequency responsive. This could be “over-pressure” operation of a steam turbine at valves wide
open or operating with a secondary fuel in service. The GO is required to provide the BA with

documentation and identify conditions when this augmentation is in service.

[ESPFRgina, for Combustion Turbines and Combined Cycle Facilities

final Ideal T+46 :

ESPFRfinqi = ESPFRigeqi + (HZ7146 — 60.0) x 10 x 0.00276 x (MWcs — PA Capacity)

Note: The 0.00276 constant is the MW/0.1 Hz change per MW of Capaeitycapacity, and

represents the

MW change in generator output due to the change in mass flow through the combustion turbine
due to the speed change of the turbine at HZg+46, (This is based on empirical data from a major
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BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

[ESPFRfinai for Steam Turbine

Throttle Pressure

ESPFRfipq1 = (ESPFR; g0 + MWy4;) X

{ Formatted:

Font:

12 pt
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Font:

12 pt, Subscript

Rated Throttle Pressure [ Formatted: Font: 12 pt
Where: { Formatted: Font: 12 pt
K
Rated Throttle Pressure
K .
MW,q; = ESPFRigeq X T ————— (MWgcs — PA Capacity) x Steam Flow Change Factor x — 1
Where: [ Formatted: Font: 12 pt
% Steam Flow = wa”"'pmwm"!a"’
(HSL — PA Capacity) [ Formatted: Font: 12 pt
{ Formatted: Font: 12 pt, Italic
o6 Steam Flow [ Formatted: Font: 12 pt
Steam Flow fﬁﬁ!!_l_’l’l." Factor = 0.5 [ Formatted: Font: 12 pt, Italic
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% Steam Flow = MWpost—perturbation [Formatted: Font: 12 pt
(MWgcs — PA Capacity) [Formatted: Font: 12 pt, Italic
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% Steam Flow [ Formatted: Font: 12 pt, Italic
Steam Flow Change Factor = —————
0.5 [ Formatted: Font: 12 pt
[ Formatted: Font: 12 pt, Italic
/ [ Formatted: Font: 12 pt
Throttle Pressure = Interpolation of Pressure curve at MWpre-perturbation, N [ Formatted: Font: 12 pt, Italic
{ Formatted: Font: 12 pt, Subscript
The Rated Thretile-Pressurerated throttle pressure and the Pressurepressure, curve, based on [Formatted: Font: 12 pt, Italic
generator MW output, are provided by the GO to the BA. This pressure curve is defined by up [Formaued: Indent: Left: 0"
to six pair of Pressurepressure, and MW breakpoints where the Rated Throttle Pressurerated -
: { Formatted: Font: 12 pt
throttle pressure, and MW output where Rated-Fhrotile-Pressurerated throttle pressure, is
achieved is the first pair and the Mirimum Throttie Pressureminimum throttle pressure, and MW | Formatted: Font: 12 pt
output where the Minimum Threttle-Pressureminimum throttle pressure, is achieved as the last [Formatted: Font: 12 pt
pair of breakpoints. If fewer breakpoints are needed, the pair values will be repeated to {Formatted: Font: 12 pt
complete the six pair table. {Formatted: Font. 12 pt
The K factor is used to model the stored energy available to the resource and ranges between {Formatted: Font: 12 pt
0.0 and 0.6 psig per MW change when requnding dqring aan, FME. The GO can measure Fhe [Fo,matted; Font: 12 pt
drop in throttle pressure, when the resource is operating near 50% output of the steam turbine {Formatted_ Font 12 ot
during a FME and provide this ratio of pressure change to the BA. K is then adjusted based on ot P
{ Formatted: Font: 12 pt
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BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

rated throttle pressure and resource capacity. An additional sensitivity factor, the Steam-Flew
Change-Faetorsteam flow change factor, is based on resource loading (% steam flow) and further
modifies the MW adjustment. This sensitivity factor will decrease the adjustment at resource
outputs below 50% and increase the adjustment at outputs above 50%. The GO should
determine the fixed K factor for each resource that generally results in the best match between
ESPFR and ASPFR (resulting in the highest P.U.SPFRRgesource). For any generating unit, K will not
change unless the steam generator is significantly reconfigured.

AESPFRfinaI for BESS with capacity that is not expected to provide PFR

ESPFRfing = Minimum (ESPFR;geq, MWgcs — capacity not expected to provide PFR)

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.

[ESPFRgina, for Other Generating Units/Generating Facilities

ESPFR,,, = ESPFR,,, + X

Where X is an adjustment factor that may be applied to properly model the delivery of PFR. The <«
X factor will be based on known and accepted technical or physical limitations of the resource. X
may be adjusted by the BA and may be variable across the operating range of a resource. X shall
be zero unless the BA accepts an alternative value.

IV. Limits on Calculation of Primary Frequency Response Performance (Initial and
Sustained):

If thea, generating unit/generating facility is operating within 2% of its (HSLMWacs — PA
Capaeitycapacity and additional capacity not expected to provide PER) or within 5 MW (whichever
is greatery), or a BESS is operating within 2% or 3 MW of its MWacs less capacity not expected to
provide PER from its applicable operating limit (high or low) at the time an FME occurs (pre-
perturbation), then that resource’s Primary Frequency Response performance is not evaluated
for that FME.

For frequency deviations below 60 Hz (Hzpost-perturbation < 60 if:

MW, 1o perturbation = MIn[([HSL — PA Capacity] x 0.98), ([HSL — PA Capacity] —5 MW)]

MWpre—pertu‘rbation
> min[([MWscs — PA Capacity — capacity not expected to provide PFR | x .98), ([MW;s
— PA Capacity — capacity not expected to provide PFR| — Y MW)]
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BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

then Primary Frequency-RespensePFER is not evaluated for this FME--, where Y is 5 MW for <
generating units/generating facility and 3 MW for BESS,

For frequency deviations above 60 Hz (HzPost-perturbation > 60, if:

MWy perrurbation S max[(LSL + ([HSL — PA Capacity] x 0.02) ), (LSL + 5 MW)]
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pre—perturbation
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b. The BESS's pre-perturbation operating margin (appropriate for the frequency [F°"“a“e“= Font: 12 pt, Subscript
deviation direction) is greater than 2% of its (MWacs less PA capacity and [Formatted: Font: 12 pt
adgitional capacity not expected to provide PFR) and greater than 3 MW; [Formaued: Font: 12 pt
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b.C. The Expected Primary Frequency Responsegina, is greater than the | Formatted: Font: 12 pt
generating unit/generating facility’s available frequency responsive [Formatted: Font: 12 pt, Subscript
Capacitycapacity?; and [ Formatted: Font: 12 pt
ed. The ggnerating unit/generating facility’s APFRadj response is in the [Formaued: Font: 12 pt
correct direction.
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2. When calculation of the P.U.PFRResource, Uses the resource’s (HSkless-PA-CapasityMWecs [F°"“a“e“: Font: 12 pt, Subscript
less PA capacity and additional capacity not expected to provide PFR) as the maximum [Formatted; Font: 12 pt
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BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

3. When calculation of the P.U.PFRResource, uses the resource’s LSL as the minimum

expected output, the calculated P.U.PFRResource, Will not be greater than 1.0.

4. If the APFRadjis in the wrong direction, then P.U.PFRResource is 0.0.

5. These caps and limits apply to both the lnitialinitial and Sustained-Primary-Frequeney
Respensesustained PFR measures.
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’ BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

Attachment A to

Primary Frequency Response Reference Document

Initial Primary Frequency Response Methodology for
BAL-001-TRE-23
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Primary Frequency Response Measurement and Rolling Average Calculation - Initial [Formatted: Font: 12 pt
Response

PA=_= Power Augmentation [ Formatted: Font: 12 pt
HSL= = High Sustained Limit | Formatted: Font: 12 pt
LSL = Low Sustained Limit [Formatted: Font: 12 pt

MWacs = maximum megawatt control range of the Governor control system
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Read Deadband, Droop,
HSEMWoecs, LSL PA

Capaeitycapacity, Frequency and
Resnuirce MW and Resaurca MW

Calculate Ramp
Magnitude

.

Calculate Expected
Primary Frequency
Response

.

Calculate Actual
Primary Frequency
Response

'

Calculate P.U. Primary
Frequency Response

.

Calculate P.U. Primary
Frequency Response
Rolling Average

Is Rolling
Average 20.75

Fail R9

End
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’ BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

Pre/Post-Perturbation Average MW and Average Frequency Calculations

Calculate Pre-Perturbation average for MW and
Fregueney
T-1 r-2
3 MW > 1z
T-le T-16

# of Scans ~# of Scans

}

Caleulate Post-Perturbation-average for MW and
Fregqueney

3w Nz

T

% of Scans ~# of Scans
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’ BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

Read Actual MW &
Frequency

Calculate Pre-Perturbation average for MW and
Frequency

-2 r-2
> mw HZ
r-16 r-16

# of Scans # of Scans

}

Calculate Post-Perturbation average for MW and

Frequency

T+82

> mw E‘_l HZ

7420 ()

# of Scans ' # of Scans

End
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BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

Ramp Magnitude Calculation

Ramp-Magnitude =(MW-4=MWr-60)*0:59

Ramp Magnitude = (MWr-4— MWr-60)*0.59

End

[ Formatted: Font: 12 pt

A

(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator facility for a
full minute prior to the event. The factor 0.59 adjusts this full minute ramp to represent the ramp
that should have been achieved during the post-perturbation measurement period.

Actual Primary Frequency Response (APFRAd;j)

APFRAdj = MWpost—perturbation - MWpre—perturbation - Ramp Magnitude

End
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BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

Expected Primary Frequency Response Calculation

Use the maximum droop and maximum deadband as required by R6. For Combined Cycle Facility
evaluation as a single resource (includes MW production of the steam turbine generator), the EPFR will

use 5.78% droop in all calculations.

T-2
E Hz
=16

* =
Hzpreﬂ)enurbamu - #of Scans

/ f /

Eapac'ty and HZpre—perturbatwon*

LR

(Hz

—60+DB)|

pre—perturbarin S

D4 SETA Y
—r

pre—perturbarbn

J
|

(60* Droop—DR)

Fal oy
HPEEHTY

#((HZWU—/M Turbaton QQ) > {,gg))

ER —
A pre—perturbation

v

([‘[Z_mr—;w aerbatin
(60 Droop — DB)

pre—perturbation

-60-DB)

A\ 4

)
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T+52
*HZ _ Ti20 Hz
st—perturbation -
poste #of Scans

/ f /

Eapac'ty and HZpost—permrbation‘(K

-60)<)

DL —EPLR DL
T deal = Mposi—perturbaton 0 pre= perturbaion

lw,
—>
[(HZ s pepamn =60+DB)|,
posi— periurbation L {(!0*1')!”!10{1*!)3) J € PACHY )
LD -
AR post— perturbation —|
>
LD = ’—(]'IZI""H’W""“" " —60- DB)‘I)H LIS PACapeaecityy wf 1) d
- post—periarhation L (60$[)r0()p71)3] J ot PaeHy {1}
A
End
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{ Field Code Changed

| Field Code Changed

| Field Code Changed

Z:z Hz Read Deadband, Droop, MWgcs, LSL, PA
* _ —16 GCS
Hzpre—penurhamu -
#of Scans capacity and HZpre-perturbation*
. (HZ - oston = 60)< EPFR,. i =0
(-1*DB)

HZ e —perturbation — 60.0 + DB )

EPFRPre—perLurbaLion = ( pre(ggwa:OLg; o DB) ) X (MWGCS —PA Capaaty) X (_1) N
EPFR =0 |—»
if ((HZ,,.-,;.,nsrfr,ra,./;,.J, -60)> (DB)) _No . pre-pernbaron
HZ e ion — 60.0 — DB
( pre—perturbation ) x (MW(;(;S —PA Capacity) x (_1) —p

EPFRpre—perturbation = (60 x Droop — DB)

P
<

{ Field Code Changed

{ Field Code Changed
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*HZ

“post—perturbation

N

T+52
I
A, I el

Read Deadband, Droop MW, LSL, PA

#of Scans

capacity and HZpost-perturbation™

(-1*DB)

- 60)<J

EPFRpostprrturbatmn =

(HZpostfperturbatian —60.0 + DB)

(60 x Droop — DB)

} x (MWgcs — PA Capacity) x (—1)

iz

“ poxi- perturbation

-60)>(DB))

post— perturbation 0

EPFR

EPFR

post—perturbation —

(Hzpostfperturbation —60.0 — DB)

(60 x Droop — DB)

x (MWgcs — PA Capacity) x (—1) >

EPF Rfu‘mi:EP F R,-m‘f—pw-tmbafm —EPFR

pre—perturbatin

{ Field Code Changed

{ Field Code Changed

{ Field Code Changed

{ Field Code Changed

{ Field Code Changed

{ Field Code Changed
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Adjustment for Steam Turbine

MW post— perturbation
(HSL — PACapacity)

0/ Oy L
Tolean oW =

% Steam Flow
0.5

.

MW K

2
Rated Throttle Pr essure

— EPFR
Adusiment Taeal

*(HSL 7PAf‘:Inr Fr}y)* Steam-Elow Chanee Fa l‘r\r*l\'f'l}

( Vs Throttle Pressure
incl e lustment J

Rated Throttle Pressure
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N { Formatted: Font: Bold }
{ Formatted: Font: 12 pt }
Read K(Limiting Factor), Throttle Pressure
curve breakpoints, MW acs MWore-perturbation
and MWopost-perturbation
MW, st — i
% Steam Flow = post perturbano‘n
(MWgcs — PA Capacity)
% Steam Flow ¢
Steam Flow Change Factor = ——o 200 { Field Code Changed ]

0.5

!

X(MWgcs — PA Capacity) x Steam Flow Change Factor x(—1)

K
Rated Trottle Pressure

MW,4; = EPFRigoq X

A,

Throttle Pressure = Interpolation of Pressure curve at MWore-perturbation

I

Throttle Pressure Field Code Changed
EPFR final = (EP FR ey + MW, A.J;‘mm:mn)* { ]
Rated Throttle Pressure
End
[ Formatted: Default Paragraph Font, Font: Calibri }
R h Formatted: Adjust space between Latin and Asian text,

Adjust space between Asian text and numbers
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djustment for Combustion Turbines and Combined Cycle Facilities

mal Tdeal posi—perturbatbn

Read MWogcs, PA capacity, HZpost-

}

EPFRfinqi = EPFRigeq; + (HZr,mt,peﬁu,.hamn - 60.0) x 10 x 0.00276 x (MWgcs — PA Capacity)

!

End

*
perturbation

0.00276 is the MW/0.1 Hz change per MW of Capaecitycapacity, and represents the MW change in

generator output due to the change in mass flow through the combustion turbine due to the
speed change of the turbine during the post-perturbation measurement period. (This factor is
based on empirical data from a major 2003 event as measured on multiple combustion turbines
in ERCOT.)
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Adjustment for BESS with capacity that is not expected to provide PFR

Read MWogcs, capacity not expected to
provide PFR

|

EPFRfinq = Minimum (EPFR;geq, MW s — capacity not expected to provide PFR)

!

End

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.

Adjustment for Other Units [Formatted: Font: 12 pt
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: eriting £

l

AP R = PR

final = Tdeal

Read Limiting Factor

}

EPFR,,, = EPFR, +X | Field Code Changed
End
T+52
*HZ - ZT+20 HZActual
post—perturbation # Of SCanS
This adjustment Factor X will be developed to properly model the delivery of PFR due to known [Formatted: Font: 12 pt

and approved technical limitations of the resource. X may be adjusted by the BA and may be
variable across the operating range of a resource.
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P.U. Initial Primary Frequency Response Calculation
AMW AHZ

Actual *

Actual *

HSL, PACapacity, Ramp Magnitude

_ APFR,,
EPFR

final

Re sponse in right direction
(A'DI"? Ady * AH/ Actal .)< 0

APFR,,
PU.PER = g
EPFR_!.?JMI

Nete ERFRy .. =Headroom
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AMW i ctuar, AHZ petyiar, MWe s, PA Capacity, Ramp Magnitude

No Evaluation **

—_—

APFR,,
PU.PFR=—24

If(EPFR

If Unit has Headroom*

AND MWy re-perturbation

et 2 Headroom)

EPFR,,,
—_— ™

IfP.U.
PFR>2.0

A

(APFR ,, * AHZ 0 )< 0

Re sponse in right direction

P.U.PFR=2.0

If P.U. PFR <

APFR
EPFR

PU.PFR =

final

Note, EPFRyina = Headroom

0.0

If P.U. PFR < 0.75

P.U.PFR=0

P.U.PFR =0.75

IfP.U. PFR >
1.0

P.U.PFR=1.0

A

End
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*Check for adequate up headroom, low frequency events. Headroom must be greater than either

SMWXMW, or 2% of (HSEMWacs, less PA Gapaeitycapacity and additional capacity not expected to
provide PER), whichever is larger. If a unit does not have adequate up headroom, the unit is
considered operating at full capacity and will not be evaluated for low frequency events-, where X
is 5 MW for generating unit/generating facility and 3 MW for BESS,

Check for adequate down headroom, high frequency events. Headroom must be greater than
either SMWXMW, or 2% of (HSEMWacs less PA Capasitycapacity and additional capacity not

expected to provide PFR), whichever is larger. If a unit does not have adequate down headroom,
the unit is considered operating at low capacity and will not be evaluated for high frequency
events—, where X is 5 MW for generating unit/generating facility and 3 MW for BESS,

For low frequency events:

Headroom = HSL — PA Capacity — capacity not expected to respond with PFR — MW;_,
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J[For high frequency events:

-Headroom=-MW;——LSE

_Headroom = MW ,_, — LSL

*No further evaluation is required for Sustained Primary Frequency Response. This event will
not be included in the Rolling Average calculation of either Initial or Sustained Primary Frequency
Response.
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‘ :r = Time in Seconds [Formatted: Font: 12 pt
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Attachment B to

Primary Frequency Response Reference Document

Sustained Primary Frequency Response Methodology for
BAL-001-TRE-23
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Primary Frequency Response Measurement and Rolling Average
Calculation—Sustained Response
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Read Deadband, Droop
MWoacs, LSL PA capacity
Freauencv and Resource

Calculate Ramp
Magnitude

v

Calculate Expected
Primary Frequency
Response

!

Calculate Actual
Primary

!

Calculate P.U.
Primary

I

Calculate P.U. Primary
Frequency Response
Rolling Average

Is Rolling
Average >
0.75

| Fail R10 |

Pass R10
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’ Pre/Post-Perturbation Average MW and Average Frequency Calculations [Formatted: Font: 12 pt
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Calculate Pre-Perturbation-average for MW-and
Fregueney

M'V Aciual

L L —
# of Scans # of Scans

Hz

Aciual

Caleulate Post-Perturbation MW andrequency-att+46
TG T+6077 Actual (1+46)

!

=)
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Read Actual MW &
Frequency

Calculate Pre-Perturbation average for MW and
Frequency

r-2

> MW IZ HE et [Field Code Changed
-6

T-16

#of Scans " # of Scans

Calculate Post-Perturbation MW and Frequency at T+46

Maximum (MW, : MW, ), HZ ;.\ iress) | Field Code Changed

End
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‘Ramp Magnitude Calculation - Sustained [Formatted; Font: 12 pt
= *
Sustained — -4 r-60 '
A 4
CD
Ramp Magnitude,,, , =(MW,_, — MW,_,)*0.821 | Field Code Changed
A 4
End
(MWT-4 — MWT-60) represents the MW ramp of the generator resource/generator facility for a full [Formatted: Font: 12 pt

minute prior to the event. The factor 0.821 adjusts this full minute ramp to represent the ramp the
generator would have changed the system had it been allowed to continue on its ramp to T+46
unencumbered.

Actual Sustained Primary Frequency Response (ASPFRadj)

J[For low frequency events: [ Formatted: Font: 12 pt

" rd Gt Freas D o0 Y re-perturbaton A S RHHAC omed
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ASPFR,, = Maximum(MW, _,, : MW, ) — MW

4

re-perturbation

— Ramp Magnitude;,, ...

End

J[For high frequency events:

Ady

pre-perturbaton

Susiained

= Minimum (MW, s : MW, ) — MW,

Ady

_ASPFR

wre-perturbation

— Ramp Magnitudeg, ..

End

[Expected Sustained Primary Frequency Response Calculation

Use the droop and deadband as required by R6. For Combined Cycle Facility evaluation as a
single resource (includes MW production of the steam turbine generator), the EPFR will use
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Public

5.78% droop in all calculations.

r-2
* I*Ibl—j[Z
Hzpm—pcnmbmi\n = # 0[. SCaTlS

/ i 1

€Capacity-and-HZpre-perturbation™

A

b
“\(c1%Da) )

Yes

(HZ ., 1wt =60+ DB)

(60* Droop — DB)

pre-pertarhan

1 ((‘ 1Z,m»,m—fmmm 69) > (‘Q‘B ))

v
4
H
~
~
I

pre—perturbation

[(HZ,... pemsin ~60—DB)]

EOIICE DA

b
_—
-

ESPER
* pre—perturbation L

(60* Droop — DB)

1
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*HZ = HZr a6y
posi—periurbatbn i g ’

(HZ s prsona =60+ DB)
ot (60* Droop— DB) N
SPE >
(0‘((” posi—perfurbaibn 5T PRpost— perturbation
ESPER . - [(""Z})ni.v'i—pm‘lmh:uwr —60- DB)—‘ * (HSE—PACapaeit}: ," I) R
post—perturbation L (60 * DI‘OOp _ DB) J >
y
End

deal nost— perturhatin pre— perturbatbn
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-2 .
Hz Read Deadband, Droop, MWgcs, LSL, PA [F'eld Code Changed

* H7 = I-16

“pre- perturbation = .
#of Scans capacity and HZpre-perturbation®

A

No
If[(HZ”"’ perturbation 60)<] [ Field Code Changed
(-1*DB) [ Field Code Changed
HZ o ion — 60.0+ DB
pre—perturbation .
ESPFRZ?refperturbatiun = ( (60 x D‘roop _ DB) ) x (MWGCS —PA Capactty) X (71)

ESPFR =0 | [ Field Code Changed

pre—perturbation

| Field Code Changed

(HZpre—perturbation —60.0 — DB)

ESPFRpye—perturbation = (60 x Droop — DB) x (MWgcs — PA Capacity) x (—1)
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Public

*Hzpnsl—ptﬂurhatbn = HZ(T*“” Read Deadband, Droop, MW@, LSL, PA

N

capacity and HZpost-perturbation*

‘,f[(HZ past—perturbation — 60) <]

(-1*DB)

[ Field Code Changed

ESPFR......n, =0 | Field Code Changed

| Field Code Changed

y
(HZpostfperturbation —60.0 + DB)

_ (HZpost—pe‘rturbation —60.0 + DB)
(60 x Droop — DB)

x (MWgcs — PA Capacity) x (—1)

ESPFRPOstprrturbatiun = [ (60 x Droop _ DB) x (MWGCS —PA CapaCity) x (71)
—>
1(HZ,1y 1 rann —60)> (DB)) No | ESPFR ost—perturbation = 0 |— [ Field Code Changed
| Field Code Changed
ESPFRpustfperturbation ] »

ESPFR,,,,=ESPF Rpu.u- perturbatin - ESPF. Rym'—lk‘mvrﬁrf“m

[ Field Code Changed
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Adjustment for Steam Turbine

Read K(Limiting Factor), Throttle

Pressure curve breakpoints, MWqcs,

MWopre-perturbation and MW post-perturbation

v

MWpost—per[urba[ion
(MWgcs — PA Capacity)

v

Steam Flow Change Factor =

% Steam Flow =

% Steam Flow
0.5

v

K
Rated Trottle Pressure

MWeqj = ESPFRigeq; x

x(MWgcs — PA Capacity)xSteam Flow Change Factorx(—1)

l

Throttle Pressure = Interpolation of Pressure curve at MW ore-perturbation

}

)* Throttle Pressure

ESPFR,,, = (ESPFR,,, + MW
Rated Throttle Pressure

Adjustment

End

AMWWwwhﬂ”mI = Maximum (MW, . : MW, ) for low frequency events.

AMWWm perturbaion = Minimum (MW, - MW, ) for high frequency events.
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N { Formatted: Font: Bold

Adjustment for Combustion Turbines and Combined Cycle Facilities [Formaued; Font: 12 pt
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posi= pernrbation

" (HSL — PACapacity)

. % Steam Flow
Steam-Flow-ChangeFactor =————
0.5

Adfsiment

Throttle Pressure
Rated Throttle Pressure

ESPER = {FQPFR = MW

=R final R R Mdeal FET Adiustment

= Maximum (MW, : MW, ) for low frequency events.

MW

post pertubation

post—perturbation
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Read MWoacs, PA capacity, HZpost perturbation™

A 4
ESPFRyinat = ESPFRigea1 + (HZpost—perturbation — 60.0) x 10 x 0.00276 x (MWgcs — PA Capacity)

End

posi—perturbaton

0.00276 is the MW/0.1 Hz change per MW of Capascitycapacity, and represents the MW change in
generator output due to the change in mass flow through the combustion turbine due to the speed
change of the turbine during the post-perturbation measurement period. (This factor is based on
empirical data from a major 2003 event as measured on multiple combustion turbines in ERCOT.)

Adjustment for BESS with capacity that is not expected to provide PFR
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Read MW(gcs, capacity not expected to
provide PFR

ESPFRfina = Minimum (ESPFR;goq;, MW s — capacity not expected to provide PFR)

|

End

BESS may, in real time, be required to reserve capacity for providing non-proportional frequency
response. When this occurs, the expected MW response from the BESS shall be limited to
exclude this capacity. The BA will utilize system data to determine when capacity should be
excluded from the calculations.

Adjustment for Other Units [ Formatted: Font: 12 pt

£S5P] "‘gﬁnm =ESPER+X
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Read Limiting Factor

ESPFR,

inal

=ESPFR, ,+X [ Field Code Changed

End

*HZ = HZ + 46) [ Formatted: Font: 12 pt
A

Actual

This adjustment Factor X will be developed to properly model the delivery of PFR due to known
and approved technical limitations of the resource. X may be adjusted by the BA and may be

variable across the operating range of a resource., [Formatted; Font: 12 pt, Bold

N [ Formatted: Font: Bold

Page 56 of 78



Public

BAL-001-TRE-23 — Primary Frequency Response in the ERCOT Region

P.U. Sustained Primary Frequency Response Calculation [Formatted: Font: 12 pt

*HZ =HZ + 26) [ Formatted: Font: 12 pt
A

Actual
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AMW AHZ

Actual ? Actual ?

HSL, PACapacity, Ramp Magnitude

ASPFR,,
ESPFR

final

Response in right direction
(ASPFRA..’; *AHZ Actial ] <0

~ ASPFR,,
 ESPFR

Final

Note, EPFR:, .= Headroom
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Public

AMW cryar, AHZ jcryar, MWe s, PA Capacity, Ramp Magnitude

If Unit has

No Evaluation **

Headroom* AND

MWore perturbation2
LSt

ASPFR,,
PU.SPFR=-"—"40.
ESPFR,,,
—_ P

If P.U. SPFR
>2.0

If P.U. SPFR
<0.0

P.U.SPFR =0

| P.U.SPFR =2.0 |

INESPFR . = Headroom)
A

Re sponse in right direction
(’ISPFR.M; * AHZ.WH.M }< 0

P.U.SPFR=0

ASPFR ,,
PU.SPFR = ——4_
ESPFR

Final

Note, EPFRfina = Headroom

If P.U. SPFR <

0.75 P.U.SPFR=0.75

If P.U. SPFR >
1.0

P.USPFR=1.0
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*Check for adequate up headroom, low frequency events. Headroom must be greater than either
SMWXMW, or 2% of (HSEMWacs, less PA Gapaeitycapacity and additional capacity not expected to

provide PER), whichever is larger. If a unit does not have adequate up headroom, the unit is
considered operating at full capacity and will not be evaluated for low frequency events, where X
is 5 MW for generating unit/generating facility and 3 MW for BESS,

Check for adequate down headroom, high frequency events. Headroom must be greater than
either SMWXMW, or 2% of (HSEMWoacs less PA Gapaeitycapacity and additional capacity not

expected to provide PFR), whichever is larger. If a unit does not have adequate down headroom,
the unit is considered operating at low capacity and will not be evaluated for high frequency
events, where X is 5 MW for generating unit/generating facility and 3 MW for BESS,

For low frequency events:

‘Headroom = HSL — PA Capacity — capacity not expected to respond with PFR — MW;_,

J[For high frequency events:

_Headroom = MW,_, — LSL

*No further evaluation is required for Sustained Primary Frequency Response. This event will not
be included in the Rolling Average calculation of either Initial or Sustained Primary Frequency
Response.

T = Time in Seconds
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Revision History

Version Date Action Change Tracking
1 7/25/2011 | Approved by SDT and submitted to
Texas RE RSC for approval to post
for regional ballot
1.1 12/7/2012 | Approved by SDT for submission to | Changed sustained measure from
Texas RE RSC for approval to post | average over event recovery period to
for second regional ballot. point at 46 seconds after FME, and other
changes to respond to field trial results,
comments, and corrections.
1.1 3/6/2013 Texas RE RSC approves submittal
to Texas RE Board
1.1 4/23/2013 | Texas RE Board approves submittal
to NERC and FERC
1.1 9/18/2013 | NERC and Texas RE file Petition for
approval to FERC
1.1 1/16/2014 | Approved by FERC
1.2 5/21/2015 | Texas RE Board approves revisions | For clarification and consistency of the

to Attachment 2 Primary Frequency
Response Reference Document

equations used in the Attachment,
changes performed to:

- “T”in the equations refers to the
start of the Frequency
Measurable Event.

- “T-2” nomenclature utilized for
clarity rather than “t(-2)”
(applicable to numerous
equations)

- Removed floating x in EPFRgnai
for Steam Turbine equation

- Corrected sign convention for
Expected Sustained Primary
Frequency Response to match
the calculation for expected
primary frequency response.
Corrected Adjusted MW for
ESPFRina for Steam Turbine by
multiplying -1 to calculate proper
value.

- On Steam Flow Change Factor
removed floating x and reinserted
PA Capaeitycapacity.

- Clarified Footnote 5 for scenario
of high frequency event for
setting LSL as operating margin
(similar to HSL for low frequency
events).

- Clarified in flowcharts for both
P.U. Initial Primary & Sustained
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Frequency Response
Calculations:
o Unit needs to have
Headroom and be above
LSL to be scored.
o Cap EPFRynal at value of
Headroom on unit
- Per RSC 5/11/2015, all
references to “Final” were
changed to “final”.
- Per RSC 5/11/2015, P.U.PFR
and P.U.S.PFR removed italics in
flowcharts.

1.3

11/14/2016

RSC approves minor changes to
Attachment 2 Primary Frequency
Response Reference Document

Replaced Reliability Standards
Committee with Members
Representative Committee to conform
with changes to the Texas RE bylaws
and regional standards development
process.

1.3

12/07/2016

Texas RE Board approves minor
changes to Attachment 2 Primary
Frequency Response Reference
Document.

Replaced Reliability Standards
Committee with Members
Representative Committee to conform
with changes to the Texas RE bylaws
and regional standards development
process.

2.0

12/11/2019

Texas RE Board approves changes
to the Attachment.

Removed the requirement for Governor
droop and deadband settings for Steam
turbines of combined cycle resources.

Edited Requirements R9.3 and R10.3 to
reflect the current process for submitting
an exclusion request.

Removed Attachment 1, which is the
implementation plan for Regional
Standard BAL-001-TRE-1. Changed
numbering on Attachment 2 to
Attachment 1

—
s3]
o

Attachment 1 was updated to align the
MWogcs definition and provide
calculations for BESS. There is an
additional calculation to provide a
breakout for expected primary frequency
response calculation for BESS and to
account for any capacity that is not
expected to provide PFR. Several
sections were updated to align and
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account for capacity not expected to
provide PFR for BESS as well.

The flowcharts in Attachments A and B
to the reference document were also
updated to account for BESS expected
primary frequency response
calculations.
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TEXAS RE

Ensuring electric reliability for Texans

Implementation Plan
SAR-013 Project to revise Regional Standard BAL-001-TRE-2
Regional Standard BAL-001-TRE-3

Applicable Standard(s)
Regional Standard BAL-001-TRE-3

Requested Retirement(s)
Regional Standard Regional Standard BAL-001-TRE-2

Prerequisite Standard(s)
None

Revision(s) to Glossary of Terms
None

Applicable Entities
e Balancing Authority (BA)
e Generator Owners (GO)
e Generator Operators (GOP)
e Exemptions:

o Existing generating facilities regulated by the U.S. Nuclear Regulatory
Commission are exempt from Standard BAL-001-TRE-3.

o Generating units/generating facilities while operating in synchronous condenser
mode are exempt from Standard BAL-001-TRE-3.

o Any generators that are not required by the BA to provide primary frequency

response are exempt from this standard.

Effective Date

This regional standard shall become effective on the first day of the first calendar quarter after
the effective date of the applicable governmental authority’s order approving the standard, or as
otherwise provided for by the applicable governmental authority.

Retirement Date

Regional Standard BAL-001-TRE-2 shall be retired immediately prior to the effective date of
Regional Standard BAL-001-TRE-3 in the particular jurisdiction in which the revised regional

standard is becoming effective.
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Applicable Standard(s)
Regional Standard BAL-001-TRE-3

Requested Retirement(s)
Regional Standard Regional Standard BAL-001-TRE-2

Prerequisite Standard(s)
None

Revision(s) to Glossary of Terms
None

Applicable Entities
e Balancing Authority (BA)
e Generator Owners (GO)
e Generator Operators (GOP)
e Exemptions:

o Existing generating facilities regulated by the U.S. Nuclear Regulatory
Commission are exempt from Standard BAL-001-TRE-23.

o Generating units/generating facilities while operating in synchronous condenser
mode are exempt from Standard BAL-001-TRE-23.

o Any generators that are not required by the BA to provide primary frequency

response are exempt from this standard.

Effective Date

This regional standard shall become effective on the first day of the first calendar quarter after
the effective date of the applicable governmental authority’s order approving the standard, or as

otherwise provided for by the applicable governmental authority.

Retirement Date

Regional Standard BAL-001-TRE-2 shall be retired immediately prior to the effective date of
Regional Standard BAL-001-TRE-3 in the particular jurisdiction in which the revised regional

standard is becoming effective.
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Description of Changes to Regional Standard BAL-001-TRE-2

General Changes

Project SAR-013

e Revised BAL-001-TRE-2 to BAL-001-TRE-3

BAL-001-TRE-3
Section

Description

Rationale

A 6 Background

Corrected the typo “measureable” to measurable”

Corrected a typo.

A 6 Background

Added a description of resource to the end of the
description. Included the various types that were
previously in Requirement Part 6.2. Added

Battery Energy Storage System (BESS) to the list

This revision fulfills one of the objectives of the
SAR.

of examples.
M1 Added “that” Corrected a typo.
Requirement R2 Added “Attachment 1” to Primary Frequency This revision specifies the Primary Frequency
Footnote 1 Response Reference Document. Response Reference Document is in
Attachment 1. It is also to be consistent with
Requirements R6, R9, and R10.
R2.3 Changed (8) eight to eight (8). This is consistent with Requirement R4.
M3 Removed the “per” that should not have been Corrected a typo
there.
Requirement R4 Changed “occurs” to “occur” Corrected a grammatical error.

Requirement R6

Revised the parent Requirement R6

Clarifies the language.

Requirement Part
6.1

Added “Generating units/generating facilities that
are not qualified to provide Operating Reserves
and have obtained prior written approval” to
Table 6.1.

This revision fulfills one of the objectives of the
SAR.

Requirement Part
6.1

Corrected capitalization of Generating
unit/generating facility

Clarifies the language.

Requirement Part
6.1 Footnote 2

Added footnote 2: “Refers to ancillary service
qualification criteria as required by the Balancing
Authority.

This revision fulfills one of the objectives of the
SAR.
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BAL-001-TRE-3
Section

Description

Rationale

Requirement Part
6.2

Revised the table to only include Combustion
Turbine (Combined Cycle) and All other
generating units/generating facilities. The other
Generator types were moved to Section A
Background.

Clarifies the language.

Table 6.2 Asterisk

Changed the asterisk to footnotes 4 and 5:
“Requirements R6.1, R6.2, and R6.3 are not
applicable to steam turbine(s) of a combined
cycle resource.

Moved this note from an asterisk to the body of
Requirement R6.

This revision makes the language consistent.

Requirement Part
6,.3

Added Primary Frequency Response Reference
Document to Attachment 1.

This aligns with footnote 1.

M6

Added “Written approval from the Balancing
Authority to widen generating units’/generating
facilities’ deadband settings to +/- 0.036 Hz.

This clarifies how Requirement R6 can be
measured.

Requirement R9

Added Primary Frequency Response Reference
Document to Attachment 1.

This aligns with footnote 1.

Requirement R10 Added Primary Frequency Response Reference | This aligns with footnote 1.
Document to Attachment 1.

Section C 1.1 Added abbreviation for Compliance Enforcement | This change makes it consistent with other
Authority (CEA) NERC Reliability Standards.

Section C 1.2 Revised this section to include more detail on This revision fulfills one of the objectives of the
when the reset time frame will occur. SAR.

Section C 1.3 Abbreviated CEA This is consistent with the change made in

Section C 1.1.

Violation Severity
Levels

Corrected formatting for R4

Format correction.

Standard
Attachments

Changed font to size 12 to match the rest of the
document.

Format correction.
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Attachment 1

General
o Changed font size from 11pt to 12pt

o Removed capitalization from “capacity” as it is not defined in the NERC Glossary.
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Attachment 1
Section

Description

Rationale

I. Introduction

Revised description of Low Sustained
Limit (LSL)

Definition was modified to capture the
charging side of the operation curve for
BESS units.

I. Introduction

Added description for Maximum
Megawatt Governor Control System
(MWgcs)

Captures the available range of MW
response for performance calculations.

Added the same description of resource
and list of examples from Section A
Background.

This replaces the previous description of
resource and is consistent with the
language in the standard.

|. Introduction

Added description for Design Settings
versus Real-time Evaluation

To clarify the difference in expectation in
minimum design requirements vs
operational settings and evaluation.

I. Introduction

Added the revised description of the
terms resource and generating
unit/generating facility to be consistent
with Section A 6 Background.

This revision fulfills one of the objectives
of the SAR.

|. Introduction

Revised Footnote 1 to indicate that the
spreadsheets are found on Texas RE’s

public website, rather than a specific link.

This will not need to be updated if the
link changes.

I Initial Primary
Frequency
Response
Calculations
Requirement R9

Corrected the language for Requirement
R9.

This change is to be consistent with the
Regional Standard language.

Initial Primary
Frequency
Response
Performance
Calculation
Methodology

Changed Primary Frequency Response
to the acronym (PFR).

The acronym is described in the
Introduction paragraph.
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Initial Primary
Frequency
Response
Performance
Calculation
Methodology

Changed Adjusted Actual to lower case
(actual).

This is not a NERC Glossary term.

Initial Primary
Frequency
Response
Performance
Calculation
Methodology

Changed Final Expected to lower case
(final expected).

This is not a NERC Glossary term.

Actual Primary
Frequency
Response

Changed Adjusted Actual to lowercase
(adjusted actual).

This is not a NERC Glossary term.

Actual Primary
Frequency
Response

Changed Actual to lowercase (actual)

This is not a NERC Glossary term.

Expected Primary
Frequency
Response (EPFR)

Changed Expected to lowercase
(expected).

This is not a NERC Glossary term.

Expected Primary
Frequency
Response (EPFR)

Revised equations for Expected Primary
Frequency Response to change HSL to
MWogcs

Equation was revised to align with the
definition of MWgcs

Expected Primary
Frequency

Response (EPFR) -

Pre-perturbation
Average Hz

Pre-perturbation Average Hz — Removed

capitalization of net dependable capacity.

This term is not defined in the NERC
Glossary.
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Expected Primary
Frequency
Response (EPFR) -
Pre-perturbation

Removed capitalization of combined
cycle.

This is not a NERC Glossary term.

Average Hz
Expected Primary Removed sentence: “The Capacity for The pre-perturbation Average Hz is
Frequency wind powered generators is the real time | different than capacity for wind.

Response (EPFR) -
Pre-perturbation

HSL of the wind plant at the time the
FME occurred.”

Statement is no longer needed due to
updated definition of MWgcs.

Average Hz
EPFRfinai for Revised equations for EPFRiina for The equations were revised to align with
Combustion combustion turbines, combined cycle the definition of MWagcs.

Turbines and
Combined Cycle

facilities and steam turbines to change
HSL to MWegcs

Facilities
EPFRina for Steam | Revised equations for EPFRginal for The equations were revised to align with
Turbine combustion turbines, combined cycle the definition of MWagcs.

facilities and steam turbines to change

HSL to MWegcs
EPFRna for Steam | Removed capitalization on rated throttle | This term is not defined in the NERC
Turbine pressure. Glossary.
EPFRsina for Steam | Removed capitalization on pressure. This term is not defined in the NERC
Turbine Glossary.
EPFRna for Steam | Removed capitalization on steam flow This term is not defined in the NERC
Turbine change factor. Glossary.

EPFRfina for BESS
with capacity that is
not expected to
provide PFR

Added this new section to account for
BESS.

This intended to be used for energy
storage resources with Fast Frequency
Response (FFR) capacity without having
to define FFR capacity.

PAGE 6
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[ll. Sustained
Primary Frequency
Response
Calculations

Corrected the language for Requirement
R10 and Part 10.3.

To be consistent with the Regional
Standard.

Sustained Primary
Frequency
Response
Performance
Calculation
Methodology

Changed Per Unit Sustained to
lowercase (per unit sustained)

This term is not defined in the NERC
Glossary.

Sustained Primary
Frequency
Response
Performance
Calculation
Methodology

Changed Primary Frequency Response
to the acronym (PFR).

The acronym is described in the
Introduction paragraph.

Sustained Primary
Frequency
Response
Performance
Calculation
Methodology

Changed Final Expected to lowercase
(final expected).

This term is not defined in the NERC
Glossary.

Sustained Primary
Frequency
Response
Performance
Calculation
Methodology

Changed Frequency Measurable Event
to acronym (FME).

The acronym is described in the
Introduction paragraph.

PAGE 7
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Sustained Primary
Frequency
Response
performance
requirement

Changed Primary Frequency Response
to the acronym (PFR).

The acronym is described in the
Introduction paragraph.

Sustained Primary
Frequency
Response
performance
requirement

Changed Frequency Measurable Event
to acronym (FME).

The acronym is described in the
Introduction paragraph.

Sustained Primary

Corrected the equation to reflect

Corrected a typo.

Frequency P.U.SPFR

Response

Calculation

Sustained Primary | Changed Primary Frequency Response The acronym is described previously.
Frequency to the acronym (PFR).

Response

Calculation

Sustained Primary | Changed Frequency Measurable Event The acronym is described previously.
Frequency to acronym (FME).

Response

Calculation

Actual Sustained
Primary Frequency
Response,
Adjusted

Changed Primary Frequency Response
to the acronym (PFR).

The acronym is described previously.

Expected
Sustained Primary
Frequency
Response (ESPFR)
Calculations

Changed Expected Sustained to lower
case (expected sustained)

This term is not defined in the NERC
Glossary.

PAGE 8
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Expected

Sustained Primary
Frequency
Response (ESPFR)
Calculations

Changed Primary Frequency Response
to the acronym (PFR).

The acronym is described in the
Introduction paragraph.

Expected

Sustained Primary
Frequency
Response (ESPFR)
Calculations

Changed High Sustainable Limit to the
acronym (HSL)

The acronym is described in the
Introduction paragraph.

Expected

Sustained Primary
Frequency
Response (ESPFR)
Calculations

Changed Low Sustainable Limit (LSL) to
the acronym.

The acronym is described in the
Introduction paragraph.

Expected

Sustained Primary
Frequency
Response (ESPFR)
Calculations

Removed capitalization from power
augmentation capacity.

This term is not defined in the NERC
Glossary.

Establishing the
Ideal Expected
Primary Frequency
Response

Removed capitalization from expected
sustained.

This term is not defined in the NERC
Glossary.

Establishing the
Ideal Expected
Primary Frequency
Response

Changed Primary Frequency Response
to the acronym (PFR).

The acronym is described in the
Introduction paragraph.

Establishing the
Ideal Expected
Primary Frequency
Response

Updated the ESPRFi¢ea €quation to
remove the vertical bar.

Corrected a typo.

PAGE 9
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Establishing the
Ideal Expected
Primary Frequency
Response

Revised the equation to replace HSL with
MWoacs.

Equations were revised to align with the
definition of MWagcs

Establishing the
Ideal Expected
Primary Frequency
Response

Changed net dependable capacity to the
acronym (NDC).

The acronym is described previously.

Establishing the
Ideal Expected
Primary Frequency
Response

Removed the sentence: The capacity for
wind powered generators is the real-time
HSL of the wind plant at the time the
FME occurred.

The pre-perturbation Average Hz is
different than the capacity for wind.
Statement is no longer needed due to
updated definition of MWgcs

Establishing the
Ideal Expected
Primary Frequency
Response

Removed capitalization from combined
cycle.

This term is not defined in the NERC
Glossary.

Establishing the
Ideal Expected
Primary Frequency
Response

Removed capitalization from power
augmentation capacity.

This term is not defined in the NERC
Glossary.

Establishing the
Ideal Expected
Primary Frequency

Changed HSL to MWegcs.

Equation was revised to align with the
definition of MWgcs

Response
ESPFRina for Revised equations for EPFRina for Equation was revised to align with the
Combustion Combustion Turbines and Combined definition of MWgcs

Turbines and
Combined Cycle
Facilities

Cycle Facilities to change HSL to MWgcs

ESPFRfina for
Steam Turbine

Revised equations for EPFRjna for Steam
Turbine to change HSL to MWagcs

Equation was revised to align with the
definition of MWgcs

PAGE 10
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ESPFRﬁna| for

Changed rated throttle pressure to

This term is not defined in the NERC

Steam Turbine lowercase. Glossary.
ESPFRyina for Changed pressure to lowercase. This term is not defined in the NERC
Steam Turbine Glossary.
ESPFRina for Changed minimum throttle pressure to This term is not defined in the NERC
Steam Turbine lowercase. Glossary.
ESPFRyina for Changed steam flow change factor to This term is not defined in the NERC
Steam Turbine lowercase. Glossary.

EPFRfinal for
BESS with
capacity that is
not expected to
provide PFR

Added this new section to account for
BESS.

Added this new section to account for
BESS.

IV. Limits on
Calculation of
Primary Frequency
Response
Performance (Initial
and Sustained):

Changed HSL to MWgcs and added
“capacity and additional capacity not
expected to provide PFR.

Added “or a BESS is operating within 2%
or 3MW of its MWacs

Revised the equations to align with the
definition of MWgcs

3 MW or 2% limit was the agreed limit for
BESS units to be excluded from
evaluation.

[V. Limits on
Calculation of
Primary Frequency
Response
Performance (Initial
and Sustained):

Added the language “and additional
capacity not expected to provide PFR”
and “less capacity not expected to
provide PFR”

This aligns the calculations to ensure
that FFR capacity is excluded when
identifying conditions where there is
limited capacity available to provide
PFR.

PAGE 11
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[V. Limits on
Calculation of
Primary Frequency
Response
Performance (Initial
and Sustained):

Revised equations to change HSL to
MWoacs

Equation was revised to align with the
definition of MWagcs

IV. Limits on
Calculation of
Primary Frequency
Response
Performance (Initial
and Sustained):

Added “where Y is 5 MW for generating
units/generating facility and 3 MW for
BESS”

This language aligns with ERCOT
Operating Guides.

[V. Limits on
Calculation of
Primary Frequency
Response
Performance (Initial
and Sustained):

Changed Primary Frequency Response
to the acronym (PFR).

The acronym is described in the
Introduction paragraph.

Final Expected
Primary Frequency
Response
(EPFRfinal) is
greater than
Operating Margin:

Changed HSL to MWacs

Equation was revised to align with the
definition of MWgcs

PAGE 12
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Final Expected
Primary Frequency
Response
(EPFRfinal) is
greater than
Operating Margin:

Added “for generating unts/generating
facilities or 3 MW for BESS”

3 MW or 2% limit was the agreed limit for
BESS units to be excluded from
evaluation

Final Expected
Primary Frequency
Response
(EPFRﬂnal) is
greater than
Operating Margin:

Added: The BESS’s pre-perturbation
operating margin (appropriate for the
frequency deviation direction) is greater
than 2% of its (MWacs less PA capacity
and additional capacity not expected to
provide PFR) and greater than 3 MW;
and

3 MW or 2% limit was the agreed limit for
BESS units to be excluded from
evaluation

Final Expected
Primary Frequency
Response
(EPFRﬂnal) is
greater than
Operating Margin:

Changed HSL to MWagcs.

revised to align with the definition of
MWacs

Final Expected
Primary Frequency
Response
(EPFRfinal) is
greater than
Operating Margin:

To #2 — Added “MWoagcs less PA capacity
and additional capacity not expected to
provide PFR”

This aligns the calculations to ensure
that FFR capacity is excluded when
identifying conditions where there is
limited capacity available to provide
PFR.

PAGE 13
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Final Expected Changed initial and sustained to lower These terms are not defined in the
Primary Frequency | case. NERC Glossary.

Response
(EPFR¢inal) is
greater than
Operating Margin:

Attachment A
e Added LSL = Low Sustained Limit
Added MWgcs = maximum megawatt control range of the Governor control system
Made conforming changes to the flowcharts to align with Attachment 1
Removed capitalization from “capacity” as it is not defined in the NERC Glossary.
Added the flowchart for Adjustment for BESS with capacity that is not expected to provide PFR.

Updated the verbiage under P.U. Initial Primary Frequency Response Calculation to include additional capacity
that is not expected to provide PFR.

Updated the formula for low frequency events.
e Added Adjustment for BESS with capacity that is not expected to provide PFR,

Attachment B
e Made conforming changes to align with Attachment 1
e Removed capitalization from “capacity” as it is not defined in the NERC Glossary.
e Added the flowchart for Adjustment for BESS with capacity that is not expected to provide PFR.
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Work Plan

Project SAR-013 Revisions to Regional Standard BAL-001-TRE-2

The Standard Drafting Team (SDT) and the Manager, Reliability Standards Program (RSM)
developed the following work plan for Project SAR-013 Revisions to Regional Standard BAL-
001-TRE-2. This work plan lays out the steps for revising Regional Standard BAL-001-TRE-2 in
accordance with Texas RE’s Regional Standards Development Process (RSDP) document.

period. During the meeting, the
SDT shall:
e prepare responses to
comments received; and
e prepare a “modification
report”.

Milestone Anticipated Date Location Comments

Standard Drafting Team Kick-off 12/19/2024 Webinar

Meeting

e The SDT shall elect the
permanent chair and vice
chair.
RSM and SDT develop a work plan. | 1/21/2025 Webinar
SDT has first working meeting 2/712025 Webinar
o SDT drafts the work product

Work plan delivered to the MRC. 2/19/2025 Hybrid MRC
Meeting at
Texas RE

Subsequent SDT meeting(s) to Q2 2025 Webinar

draft the work product /Possible
Hybrid
Meeting

MRC approves the work product to | 9/17/2025 Hybrid MRC

be posted for a public comment and Meeting at

ballot period. Texas RE

The RSM shall post the work 9/22/2025 — N/A

product for a 45-day public 11/6/2025

comment period with the ballot

period occurring in the last 15 days.

The RSM shall send a notice for 9/22/2025 N/A

registered entities to join the

Registered Ballot Pool (RBP).

The SDT shall meet to discuss 12/3/2025 Webinar

comments received within 30 days | 12/12/2025

of the conclusion of the posting 12/16/2025

Public
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SDT Meeting to finalize revisions to | 3/10/2026 Webinar
proposed Regional Standard BAL-
001-TRE-3
Quality Review March 16 — April 3, Via Email,
2026 Texas RE’s
External
Sharing Site
MRC approves the work product to | May 13, 2026 Hybrid MRC
be posted for an additional public Meeting at
comment and ballot period. Texas RE
Additional Ballot and Comment May 14 - June 29, Via
Period - The RSM shall post the 2026 Email/Posted
work product for a 45-day public on Website
comment period with the ballot
period occurring in the last 15 days.
The RSM shall send a notice for May 14, 2025 Via Email
registered entities to join the
Registered Ballot Pool (RBP).
The SDT shall meet to discuss July 20, 2206 Webinar
comments received within 30 days
of the conclusion of the posting
period. During the meeting, the
SDT shall:
e prepare responses to
comments received; and
e prepare a “modification
report”.
e Approve the work product
for final ballot
When the ballot passes in July 20 — August 4, Via
accordance with section 4.12 and 2026 Email/Posted
4.13, the RSM shall conduct a final on Website
ballot.
Once the final ballot final ballot, the | September 16, 2026 | Virtual MRC
MRC shall approve the final Work and Board
Product to be provided to the Texas Meeting
RE Board for action.
The Work Product shall be posted September 9, 2026 N/A
at least seven days prior to action
by the Texas RE Board.
If deemed appropriate, the Texas September 16, 2026 | Virtual MRC
RE Board will adopt the work and Board
product. Meeting
The RSM will submit the work Subsequent to Texas | Via Email
product to NERC. RE MRC and Board
Approval
Once the Work Product is approved | TBD N/A

by FERC, the RSM shall send

Public
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notification of the effective date to
Texas RE stakeholders.




Regional Standard BAL-001-TRE-3 Additional Ballot Results
Ballot Period Ended June 29, 2026

No. in ballot pool |Affirmative [Negative |Abstain No Ballot

System Coordination and Planning 1 1 0 0 0
Transmission and Distribution 4 3 0 0 1
Cooperative Utility 1 0 0 1
Municipal Utility 1 1 0 0

Generation 6 5 0 0 1
Load-serving and Marketing 1 0 0 1
Totals 14 10 0 0 4
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Standard Drafting Team’s Responses to Comments
Additional Comment Period: May 14 — June 29, 2026
Project SAR-013: Revisions to Regional Standard BAL-001-TRE-2

Question 1 | Regional Standard BAL-001-TRE-3: In Section A. 6. Background, the SDT revised the description of the terms
“resource” and generating unit/generating facility for clarity. In addition, it moved examples from Requirement
R6 to this section. Do you agree with the change?

Commenter Answer | Comment SDT Response

Shane Herrera, ERCOT Yes

Marie Potter, Constellation Yes Constellation agrees with defining the term | Thank you for your comment. The
Energy Generation, LLC “resource” in the background instead of | drafting team has determined that this is

Requirement 6. Please note ERCOT IBRWG | out of scope for this project.
posting from January 17th, 2025, a
curtailment to low output including down to 0 | There are ongoing discussions during
MW prevents a generator of certain | ERCOT’s Performance Disturbance
technology types from being able to respond | Compliance Working Group (PDCWG)
to a frequency event. Please consider adding | and Inverter-Based Resource Working
an exclusion and expectations, that includes | Group (IBRWG) on this topic.

timeline for submitting exclusion paperwork
requests, due to operational limitations for the
technology types that cannot respond to a
frequency event when concurrently being
curtailed.

Question 2 | Regional Standard BAL-001-TRE-3: The SDT made revisions to Requirement R6: it moved the asterisk
language to the requirement language, revised the table in Requirement R6.2 since it moved the examples of
resources to the background section, and added some information to Measure M6. The SDT had previously
revised the language to account for including a provision for a resource that is not qualified to provide
operating reserves and accounting for BESS. Do you agree with these changes?




Energy Generation, LLC

settings for certain units. An example of
where this may be used is when you have a
Mechanical Hydraulic Control (MHC) unit
that cannot meet the 17 mHz criteria and is
not economically justified to upgrading to
Electro-Hydraulic Control (EHC) unit.

Commenter Answer | Comment SDT Response
Shane Herrera, ERCOT Yes
Marie Potter, Constellation Yes There is relief available for wider deadband | Thank you for your comment.

Question 3 | Attachment 1: Primary Frequency Response Reference Document:
include language for capacity not expected to provide PFR in order to accurately account for expected
frequency response. The SDT also included an equation for EPFRfina and ESPFRsina for BESS with capacity
not expected to provide PFR and associated flowcharts to attachment A and B to the Primary Frequency
Response Reference Document. Do you agree with the changes to Attachment 1?

The SDT updated the attachment to

Commenter Answer | Comment SDT Response
Shane Herrera, ERCOT Yes
Marie Potter, Constellation Yes
Energy Generation, LLC

| Question 4 | Do you have any additional comments for the standard drafting team?
Commenter Answer | Comment SDT Response
Shane Herrera, ERCOT No
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H

Marie Potter, Constellation
Energy Generation, LLC

Yes

Continued conversation and consideration
are needed on how to better align the
ERCOT protocols with how renewable
resources naturally perform. It seems there
is an opportunity to add additional market
changes to better convey expected WGR
PFR and scoring criteria during events
surrounding ERCOT curtailment events
especially with respect to renewable
resources. For example, if a site was
curtailed or had the curtailment lifted
immediately prior to a frequency event. This
creates a scenario in which the wind turbines
need to go through a “startup” phase to
return to normal operations. The WGR to
ERCOT has an LSL of 0 MW and RST of
‘ON’, while the HSL is the forecast. In the
event of the curtailment to 0 MW, the WGR
must shut down the facility but cannot
telemeter shut down as a normal resource
would because there would not be an outage
ticket, and ERCOT would not have a way to
communicate when the curtailment may be
lifted. When ERCOT lifts a curtailment and
issues a new base point above 0 MW, the
WGR will then re-enable the turbines to re-
engage and return to normal operations. At
that point it would be practical to expect
PFR. Potentially there is an opportunity to
leverage the “Non-Frequency Response
Capability” that combined cycles use for the
periods in which the WGR is going through a
startup, returning from an ERCOT
curtailment. Further collaboration with

Thank you for your comment. The
drafting team has determined that this is
out of scope for this project.

There are ongoing discussions during
ERCOT’s Performance Disturbance
Compliance Working Group (PDCWG)
and Inverter-Based Resource Working
Group (IBRWG) on this topic.
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ERCOT and affected stakeholders would be
beneficial.

To reiterate, per ERCOT IBRWG posting
from January 17th, 2025, a curtailment to
low output including down to 0 MW prevents
a generator of certain technology types from
being able to respond to a frequency event.
ERCOT has confirmed that “wind resources
cannot respond to frequency requirements
while curtailed to zero output”. ERCOT has
added the scenario of curtailment as “an
additional exclusion to the BAL-001-TRE-2
PFR exclusion process.” With this additional
exclusion ERCOT requires formal exclusion
paperwork to be submitted for each PFR
event within 30 days of the event.

Public



Regional Standard BAL-001-TRE-3 Final Ballot Results
Ballot Period Ended August 4, 2026

No. in ballot pool |Affirmative |Negative |Abstain [No Ballot
System Coordination and Planning 1 1 0 0
Transmission and Distribution 4 3 0 0
Cooperative Utility 1 0 0
Municipal Utility 1 1 0 0
Generation 6 5 0 0
Load-serving and Marketing 1 0 0
Totals 14 10 0 0




Human Resources
Report

Board of Directors Meeting
September 16, 2026
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+F August 2026 Staffing Report

75 FTEs In 2026 Business Plan and Budget

New Hires (June - August)

* CIP Cyber & Physical Security Analyst
« Manager, Accounting

« Senior Accountant

« Manager, Communications & Training

One Vacancy as of August 31, 2026

* Bl Analyst & Data Solutions Lead (contract)
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Outstanding Workplace Culture Happenings

June - August

» World Cup Events

« Harassment Prevention Training
* Lunch-N-Learns

* Ice Cream Freeze Off

» Hawaiian Shirt Day

Upcoming Events

« Company-wide Training — Leading Across
Boundaries

« CPR Training

» College Colors Day

« Company-wide Murder Mystery Team Building
Event

» Thanksgiving Luncheon

« Holiday Party




2026 Regional Risk
Assessment

Board of Directors Meeting
September 16, 2026




Regional Risk Assessment bublic

Regional Risks Register
* Grid Transformation

Integration of Large Loads (primary risk)
IBR Ride-through

Inaccurate Resource Modeling

Energy Availability

Provisions of Ancillary Services from a
Changing Resource Mix (upgraded)

* Resilience to Extreme Events
« Extreme Weather Response
* Critical Infrastructure Interdependencies
* Facility Ratings
+ Workforce Changes (new for 2026)
+ Cyber and Physical Security
Remote Connectivity
Supply Chain
Physical Security
Artificial Intelligence
Cloud Security (new for 2026)
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Risk Analysis and Prioritization

Impact or Consequence Likelihood

What is the reasonable probability that the

Severe Widespread effects across North America event Wi” occur?
Major W!despread effects across an RC arfea — Almost Mandatory Controls — No NERC Reliability Standards in place for
Moderate Widespread effects across multiple entities or a . e
tion of an RC area Certain mitigation
- por - Emerging Trends — Increasing trends have been identified
Minor Effects on one entity : . ..
—. - Event History — Widely publicized/documented events have been
Negligible Small or non-existent effects
recorded
Likely Mandatory Controls — No NERC Reliability Standards in place for
« Combined effort between RAPA and CMEP mitigation o
teams Emerging Trends — Some trends have been identified
Event History - Publicized events have been recorded
* Data sources include: Possible Mandatory Controls — NERC Reliability Standards in place for limited
q T mitigation
NERC RISC Risk Priorities report Emerging Trends — Some trends have been identified
Texas RE ARP and NERC SOR Event History — Moderate or no documented events have been recorded
NERC CMEP IP Unlikely Manda‘tory Controls — NERC Reliability Stan.dards: i.n place for mitigation
Emerging Trends — Some trends have been identified
ERCOT Event History — Minimal or no documented events have been recorded
. . - . Very Mandatory Controls — NERC Reliability Standards in place for mitigation
Violations/AOC’s/Recommendations Unlikely Emerging Trends — No trends have been identified
Event History — No documented events have been recorded
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Regional Risk Assessment

1 2 3 4 5
Very Unlikely Unlikely Possible Likely Almost Certain
Widifspr:.ad ERO 5| Severe
effec . . .
= Primary Regional Risk
* Integration of Large
Supply Chain Disorganized Loa dS
Widespread . . Extreme Weather Integration of
Interconnection | 4 Major Gas Supply Large Loads
effect Response
Restrictions During
Cold Weather | IBR Ride-through Upgraded Risk from
Physical Security 2025
E Inaccurate * PrOViSi.ons Of. .
% Resource Modeling Essentlal R6|Iabl|lty
g e Services from a
g Eecontial Changing Resource
c Artificial ssential .
‘§ Widespread Intelligence Reliability Services Mlx
P Large TOP/GOP | 3 | Moderate : from a Changing
effect Resource Mix
Facility Ratings :
w New Risks for 2026
orkforce
Changes * Cloud Security
Remote Access » Workforce Changes
Local Entity | Small TOP/GOP | 2 Minor Cloud Security
Small Single Facility | 1 | Negligible




Actual and Projected Large Load Growth $072-2033 (Excheding No Studies Submitted)
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Large Load Integration Risks

Primary risk for the Texas RE region

36 GW of new loads by 2030 with approved planning studies
and that have met ERCOT planning guide requirements

Additional 148 GW of load under ERCOT review could
interconnect by 2030

90% of new load requests are data centers

Risk Mitigation Measures
« NERC ROP changes to define Computation Load Entity
 NERC standard roadmap for large loads

Q12027 -
Q32027
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New Risks

Workforce Changes Cloud security
Aging demographics Dependency on 39 party platforms

Loss of institutional knowledge Increasing reliance on common cloud service
Increasing system complexity providers with shared infrastructure

Insufficient staffing/expertise on cyber security dependencies
Increased exposure of critical data within
cloud-based systems

- Data breaches
* Incorrectly configured cloud settings

Risk Mitigation Measures
« Training for system operations
 BES cyber systems training, access

management, and security awareness * DoS attacks
« Supply chains

Risk Mitigation Measures

* Project 2023-09 Risk Management of 3™
party Cloud Services




Resource Mix

Batteries have reshaped ERCOT's ancillary services procurement

ECRS

Reg Up

Storage

Responsive Reserves

www grid status. io/live

Introduction of Mitigation of ESRs

Establishing Advanced Grid Support Service as an
Ancillary Service

Add Energy Storage Resource (ESR) State of Charge
(SOC) Information to the Ancillary Services Capacity
Monitor

Establish an Incentive Program for Advanced Grid
Support

Dispatchable Reliability Reserve Service Ancillary
Service with Energy Storage Resource Participation

{7} GridStatus

ERCOT Market Rule Changes in Progress

NPRR1255

NPRR1278

NPRR1326

NPRR1333

NPRR1340

Provisions of Essential Reliability Services from a Changing

Increased reliance on ESRs for critical ancillary
services

ERCOT market rules for Advanced Grid Support

Risk Mitigation Measures

- Standards related to:
» Interconnection requirements for IBRs

« Studies to assess reliability impact of
new IBR interconnections

IBR models

IBR Ride-through

IBR protection system coordination
Frequency control performance

Balancing contingency event
performance with increased ESR
participation

« ERCOT market rule changes

Public
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Inverter-Based Resource Risks

Increased reliance on IBRs to meet load

Operational Studies Project 2025-03 F
Planning Studies Project 2025-04 FERC Order 901 pl'OjeCtS

Ride-Through Revisions Project 2025-05 NERC Alert on IBR model quality

Verification of Generator Models MOD-026-2 Category 21BR reQIStratlon Implementatlon

P 2024 2025

| IBR Ride-Through Events |
IBR Oscillation Events

No IBR ride-through events in 2024/25 > 500 MW

Risk Mitigation Measures
» Standards related to:

Count of Hours with Renewable Penetration > 70% . .

2023 | * Interconnection requirements for IBRs

[ 2024 | 39 . SRR

2025 | 163 + Studies to assess reliability impact of new
321 IBR interconnections

IBR models

IBR ride-through

IBR protection system coordination
Frequency control performance

Balancing contingency event performance
with increased ESR participation
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Gas Supply Restrictions During Cold Weather

Cumulative MW of Gas Curtailments by Year (Winter Months Only)
30,000

25,000 Cumulative MW impact from gas curtailments
increased in 2025, however, larger than normal

20,000

increases were observed in summer and fall
months

15,000

0000 B

>
00T I I 11 Risk Mitigation Measures
[ H . .
’ 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 Standards related to.

Winter Storm Fern- Outages by Cause » ldentification of critical natural gas
infrastructure loads

« GO plans to mitigate operational
limitations for fuel supply and inventory
concerns

* Proposed Standards and ERCOT Rules:

* NPRR1335 Implementation of PUCT
Changes to Firm Fuel Supply Service

« NPRR1346 Updates to the Fuel Qil Price

2,500




Physical Security Risks

Physical Security Events Reported to SSRG

180
CopperTheft m Gunshot m Intrusion m Physical damage m Physical threat m Surveillance m Theft m Vandalism
- .
140
120

- i =
. - [

c m

w0 .

2020 2021 2022 2023 2024 2025 2026 YTD

Count of Physical Security Events by Location

Albuquerque Memphis/

. ® - Issue
Ciudad > 'ﬂ @ Copper theft
AUgac 4

: ® L @ Intrusion
Judrez ﬁ
1 °® ] MISSISSIPPI ' @Theft

]
‘ OUISIANA @ Gunshot
HOU 1C ﬂ
2 @Vandalism

.od n ,ﬂnt_lro_)
_Chihuahua¥®

~rracn | MONterrey

|L1:|...|_ : 2% NUEV Gulf of

Saitillo N America
i A £12026 OSM| ©2026 TomTom Feedback

* Increasing trends in physical security incidents
* Intrusions
« Copper theft
- Ballistic damage

* Risk Mitigation Measures
 Standards related to:

* Risks to the reliable operation of the
BPS as the result of a Physical Security
Incident

Risks to the reliable operation of the
BPS as they relate to physical security
programs

Risks to the reliable operation of the
BES as the result of increased Physical
Security events related to low impact
assets

* Proposed Standards and ERCOT Rules:
* Project 2021-03 CIP-002

« NPRR1334 Revision to Cybersecurity
Incident Notification

Public
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Energy Availability Risks

* NERC Wide Area Energy Assessment Studies
 NERC Probabilistic Assessment Studies

‘ll‘.:

EER] EE) R

7 3

* Risk Mitigation Measures
« BAL-007 Implementation: plan to address forecasted

' ER) PR EET I
¥Rz F535338 5

Base-Case Summary of Results

Energy Emergencies in the near-term time horizon

2026*
EUE [MWh) 11,090 5,864 17,053 c
NEUE (ppr] 555 |a7  [isme  TEF Projects
LOLH (hours per Year) 157 0.94 364
“lei:lesthpe 2024 ProbA Results for Comparison o Proposed Standards and ERCOT Rules:
* Project 2025-03 Operational Studies
Fuel Total Average # Days ~ Median#  Minimum  Maximum ) PrOject 2025-04 Planning Studies
Type MW to Connect (from Days to #Days to  # Days to . .
FIStoCOD)  Connect  Connect  Connect * Project 2024-02 Planning Energy Assurance
Battery 6,291 625 479 200 1,535 . .
Solar 5998 845 714 330 1,829 NPRR1320 Reserve Margin Reporting and
Fuel Oil 439 75 75 34 115 =
e D oa4 692 SR Miscellaneous Changes for the Report on
: §035- 5638 Wiintar Rick Period Scanario : Cap:amty, Demand, and Reserves in the ERCOT
) Region (CDR)
“ OB GW | el & ¥ 11..1.1::&' . : : -
y | N _ NPRR1328 Establishment of Generation Firming
R R — i Program
§ e . .
m NPRR1320 Reserve Margin Reporting and
Miscellaneous Changes for the CDR

Arvtixipyted Trpical | Typicel Ferced  Resounce  Operationsl Pes Demand

Mesourtes  Mantenance Cutages  Derated for  Mtigatiens

utages Extreme
Condmoni



Supply Chain Risks

Retailer Manufacturer

o g\u

Distributer

MW Weighted EFOR

35%

2019 2020 2021 2022 m2023

Persistent supply chain and workforce challenges are
impacting risk mitigation and response capabilities
+ Extended outages on two coal units, one for 14
consecutive months and another for 18 months
(ongoing)
« Asingle fire-related substation equipment failure,

Circuit and associated 345 kV auto remain out ~
18 months)

Software supply chain cyber security challenges

Risk Mitigation Measures
« Standards related to:

* Implementation of Supply Chain policies and
procedures

* Transmission planning criteria for extended
facility outages > one year

* Proposed Standards and ERCOT Rules:

* Project 2025-06 Supply Chain Risk
Management

* Project 2022-05 CIP-008 Reporting Threshold

Public



Extreme Weather Response Risks Pubte

ECWT data collection

EOP-012 constraint declarations
* Wind blade/solar panel icing
* Wind cold weather packages
* CT inlet air icing

Risk mitigation measures
+ Standards related to:

TOP and BA emergency operating plans
« GOP cold weather plans
* Proposed Standards:

* Project 2023-07 Transmission System

Planning Performance Requirements for
Extreme Weather




Chief Engineer’s Report

Board of Directors Meeting
September 16, 2026




‘ Summer Performance Review
' Large Computational Loads Update
‘ Inverter-Based Resources Activities
' Extremes and Critical Infrastructure Work

' Teaching at ERCOT’s Operator Seminar

Public



July 22, 2026, Record Demand Publi

 Peak Hour: HE18

* Peak Hourly Demand: 91,075 MW
Load Peak

Net Load Peak

Flat
100
Demand

0
Jul 22 ba 12p

@ Hydro

6p Jul 23

) Nuclear

@ Coal And Lignite @ Natural Gas [ wind

@ Power Storage [ Other Solar


https://www.nerc.com/our-work/assessments

July 22 Peak vs. NERC’s Summer Reliability Assessment (SRA)

GW

GW

Peak Hour Demand
NERC SRA vs July 22 HE18

50/50 Total Peak  90/10 Total Peak July 22, 2026 Total

Hour Demand

Hour Demand

Peak Hour Demand
(HE18)

Risk Hour Peak Demand
NERC SRA vs July 22 HE21

95/5 Total Risk Hour Demand July 22, 2026 Total Risk Hour

(HE 21)

Demand (HE 21)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Public

Resource Fuel Mix
Projection in NERC SRA

On-Peak Risk Hour

Other
Battery

m Wind
Solar

W Natural Gas

m Coal


https://www.nerc.com/our-work/assessments
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ESR Net Injection: 8/22/2026 - 8/23/2026
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Battery State of Charge (SOC) %
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BESS are performing well this summer — and carrying over 50% of Physical Responsive Capability
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Data Center Growth and Developments

High Confidence Data Center Projects — One Analyst’'s View

FERC’s June 22 Orders direct other
RTO/ISOs to develop interconnection
plans like Texas’ Senate Bill 6 and
PUCT Orders

 Faster study processes that weed out speculative @
loads -

Protection against cost shifting G,
Support for co-location and self-generation ‘
Enhanced flexible load operation -y

Studies coordinating loads, generation, and -
transmission 2026-35 Capacity Adds (MW)

<1.000

WECC

State-directed auditing of data centers e
will take place before ERCOT'’s ‘batch T 10000

zero’ interconnection studies.

Re“ablhty GolreETne Wlth faCIIIty ride- » NERC Essential Action Alert Responses Received

throu_gh clile poyve_r CyC“ng need_ : » Data Center Load Modelling Technical Reference published
solutions; work is in progress to identify and workshop scheduled for September 15-16

and mitigate « Registry Criteria for Large Computational Loads posted along
with three draft Standards, August 19 — September 18



https://www.enverus.com/blog/texas-data-center-moratorium-big-bark-no-bite/

Public

Data Center Ride-Through (RT) of Transmission Faults

On Wednesday, July 22,  RT0 Load (MW) [ —RTOLoad (MW) —ACE (Mw) | ACE (MW)
. 101000 - 7:55:40 AM, 99,984 Mw ~ 4500
at 07:56 approximately ’ Lot
3,800 MW of load 100,000 - 7:56:45 AM, 3,928 Mw i 3:500
transferred to back-up 99.000 - - 3,000
i - 2,500
power .dur.lng a 230 kV 98,000 - [ 00
transmission line fault, jenn
the largest load transfer 37,000 1 1,000
PJM has experienced. 96,000 - - 500
7:56:45 AM, 96,205 Mw 0
95,000 -
7:55:45 AM, -246 mw - 500
94,000 Trrrrrrrrrrrrrrrrr1rrrrrrrrrrr1rrrrrrrrrrrrrrrr1rr1rrrrrrrrr1rrrr1rrrr1 1117111171 -1,000
S e S S S S e e e e eSS = =
L L L LLLLCLLLC LT <C<C<C<C<C<C << < <<
Source: BAM

NTRAL_LL Group « ERCOT studies of similar events found that four groups of large
‘ loads (LL) without RT capability could disconnect, leading to
voltage collapse when a group’s load exceeds 3200 MW.
 PUCT approved ERCOT’s NOGRR282 establishing RT
requirements for large loads coming into the system. NERC'’s
new LL disturbance whitepaper suggests this as a model for all.



https://www.pjm.com/-/media/DotCom/committees-groups/committees/oc/2026/20260806/20260806-item-05---dominion-july-loss-of-load-event---presentation.pdf
https://www.ercot.com/files/docs/2026/06/18/LLWG_Interim-VRT-Assessment-Update_06192026.pdf

Public

Inverter-Based Resources (IBR) Developments

FERC Order 901 Standards Large Inverter Failure Modes & Mechanisms

COMPLETED COMPLETED
JANUARY NOVEMBER 4,

Order No. 901 We devel ‘an ing to
submission @M reqi

COMPLETED
NOVEMBER 4, NOVEMBER 4,
2026
Development and filing of Reliability 5 D —é:‘_:‘. I BB
Standards to address use of e @] =]
performance data in Operational and 5 = Dt
Planning studies L_| ::ém |



Assisting IBR Integration
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RELIABILITY | RESILIENCE | SECURITY

August 10, 2026

Inverter-Based Resources
Small Group Advisory Session

Generator Owner and Generator Operator Standard Requirements Focusing on
Inverter-Based Resources and Mandatory Compliance Dates in 2026 and 2027

Public

NERC

NERC

(Draft)

Reliability Guideline:
Commissioning Best
Practices

For BPS-Connected Inverter-Based Resources

m

Solor Energy
SEIAZ:

PRC-029-1 Inverter-Based Resource Ride-
Through Design Evaluation Implementation

Guidance
PRC-029-1 Requirements R1-R3

April 27, 2026

North American Transmission Forum

NATF Inverter-Based Resource
Interconnection Lifecycle: Interconnection
Agreements and Requirements Practices

North American Transmission Forum

NATF Inverter-Based Resource
Interconnection Lifecycle: Interconnection
Requests and Studies Practices

NERC

(Draft)

White Paper: IBR
Equipment EMT Model
Validation

Inverter-Based Resource Performance Subcommittee

Resources
Requirement R4

Date 10/16/2025

PRC-029 Implementation Guidance
Frequency and Voltage Ride-through Requirements for Inverter-based

Version 2.0
t1D: 1719




Resilience to Extreme Events and Critical Infrastructure Public
Interdependencies

Texas RE and NERC activities:

Upcoming ERO-FERC report on Winter
2026 for September 10 FERC Open Meeting

Winter preparedness workshop August 19,
2026; NERC webinar September 17, 2026

Wildfire guideline drafting in progress

Participation in Texas Division of
Emergency Management Blackstart
Exercise during August

Hosting EISAC VISA exercise August 4-6

Cyber and physical security engagements
with state and federal agencies and
outreach through newsletter and Talk with
Texas RE

Ongoing development of ERO-wide energy
assessments for inclusion into NERC Long
Term Reliability Assessments

NORTH AMERICAN ELECTRIC
IIIIIIIIIIIIIIIIIIIIII

System Performance Review of the
Winter 2026 Arctic Cold Period

Commission Open Meeting: September 10, 2026

he staff of the Federal Er nergy Regul n! ory. Commission ( )ncon.s lmonuwrhmf{fmmrhe nh
@ ? @ 0 erican El lity Cor rpomu- n (NERC) an d egormlEntm
ﬁ'clﬂ!evlewxofERCM RC, or any of its Regional Ent



Reviewed NERC Functional Model and Entity

Roles and Responsibilities

Stressed need for coordination and communication
and authority in normal and emergency conditions

Taught with practical example from recent event

Operating Planning Market
Reliability Reliability (Moa'r’kifg.t,'e?a?fr)
Reliability iy LT
Service
Functi ieei
unctions ) Transmission
Interchange Balancing Service
g (B: rity) (Transmission Service|
Provider)
Transmission Generator Transmission Transmission Resource
Ownership Operations Operations Planning Planning
R (Transmission Owner) (Generator Operator) (Tre issi ( ission Planner] (Resource Planner)
Planning Operator) |
and
Operatin, .
anctiong Generator Load-Serving UL - ietributi
Ownership (Load-Serving Selling L aife
(Generator Owner) Entity) (Purchasing-Selling (Distribution Provider)|
Entity)

Messaging for ERCOT’s 2026 Operations Training Seminar

Blackout Area
November 13, 2025

RC WEST

Public




CIP and O&P
Compliance Monitoring
and Risk Assessment
Report

Board of Directors Meeting
September 16, 2026
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2026 ERO Enterprise Long-Term Strategy

@ ENERGY
SECURITY

ENGAGEMENT
AGILITY AND SUSTAINABILITY
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+F Q2 2026: Texas REview Newsletter

-/

* CIP-012 Remote Connectivity
» Cybersecurity Best Practices

"'? ®)  Physical Security: CIP-014-3
gy | oView * Access Management




Q2 2026: CIP Working Group (CIPWG) Puble

Ask Texas RE Presentations

« 2026 CMEP IP Risk Element - Remote
Connectivity: CIP-012-2 R1

« 2026 CMEP IP Risk Element - Physical

erc Ot\a.?\ Security: CIP-014-3 R4 R5

« 2026 CMEP IP Risk Element - Grid
Transformation: CIP-004-7 R6
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Q2 2026: Workshop, Webinar, Training, and Conference Highlights

Security, & Reliability Worksho

T
April 1, 2026 Elﬁﬁ

To submit questions during the
workshop, please visit slido.com and |
enter today’s participant code: TXRE

Texas RE Spring Standard =
P

AGENDA
« Aggregation of Control
CIP-003-9 Low Impact BES
Remote Connectivity
Frequency and Voltage

Protection Settings for
Generation Resources

New Entity/PCC
Expectations

Brook Rodaway

2,
| ‘ ‘ TEXAS R E Registration and Certification Program Coordinator

Ensuring electric reliability for Texans Jeff Hargis
Risk Assessment Engineer, Sr.

+ Common Root Cause Codes
[ - FERC Update

Large Loads Interconnection in
ERCOT

+ NERC CIP Drip

+ Supply Chain Resilience in a
World of Geopolitical Cyber Ris|

Al-Augmented Embedded
Security Assessment for BES
Resilience

Rebekah Barber
Compliance Team Lead

Alexandra Huey
O&P Compliance Engineer Il

o ! Rebekah Barber

CIP Compliance Team Lead

TEXAS RE I June30,2026 : A |
R

talk.

“ -
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Q2 2026: Texas REview Newsletter Puble

_.

* PRC-028 & PRC-029 IPs and Data
Submittals

O * FAC-008 Inventory Change
# -] v/iew Management

« Extreme Weather Reliability and
Compliance




Q2 2026: NERC Standards Review Forum (NSRF)

FTEXAS RE

Ensuring electric reliability for Texans

Ask Texas RE Presentations

« FAC-008: Inventory Change
Management

« EOP-011-4: Emergency Operations
*« MOD-032: Large Load Integration



Security, & Reliabili

AGENDA

+ Aggregation of Control

+ CIP-003-9 Low Impact BES
Remote Connectivity

« Frequency and Voltage
Protection Settings for

Generation Resources

Texas RE Spring standard

To submit questions during the
workshop, please visit slido.com and ||
enter today’s participant code: TXRE

Common Root Cause Codes

« EERC Update
Large Loads Interconnection in
ERCOT

NERC CIP Drip
Supply Chain Resilience in a
World of Geopolitical Cyber Risk

Al-Augmented Embeddex

d
Security Assessment for BES
Resilience

Q2 2026: Workshop, Webinar, Training, and Conference Highlights

Facility Ratings
Internal Controls

William Braun
Risk Assessment Analyst, Sr.

Allie Huey
O&P Compliance Engineer

April 22, 2026

TEXAS

Ensuring electric relabiliy for Texans

Registration and Certification Program Coordinator

New Entity/PCC
Expectations

Brook Rodaway
Jeff Hargis
Risk Assessment Engineer, Sr.

Rebekah Barber
Compliance Team Lead

Alexandra Huey
0&P Compliance Engineer 11l

Public

Announcement

Cold Weather Preparedness
Small Group Advisory
Sessions (SGAS)

Planned activities will begin March 26, 2026.

Note: All meetings will be virtual through WebEx

Event Information — NERC, in collaboration with the Regional Entities, will host a SGAS for those entities that
have been identified and notified during the Inverter-Based Resources Registration Initiative for registration with
NERC as a Category 2 Generator Owner (referred to as GO-2) and/or Category 2 Generator Operator (referred
to as GOP-2).
o The target audience for this SGAS will be GO-2s and GOP-2s with no previous NERC Regulatory expe-
rience.

This SGAS will help GO-2s and GOP-2s understand their compli pare for impl

Specifically, the SGAS will cover the set of Reliability Standards that GO-2s and GOP-2s must comply with in 2026.

Please note that GO-2s and GOP-2s are required to comply with an initial set of eight Reliability Standards on
their registration effective date of May 15, 2026.

The SGAS will consist of two parts:

1. General Session Live Webinar: A general session will be held to help GO-2s and GOP-2s understand
their compliance obligations with the initial set of Reliability Standards on Thursday, March 26, 2026,
2:00-4:00 p.m. Eastern This session will:

a. Introduce NERC, Regional Entities, and the Compliance Monitoring and Enforcement Program.
b. Review the NERC Reliability Standards that GO-2s and GOP-2s must comply with day one of their
registration effective date.

Registration for a one-on-one session (detailed below) is not necessary to attend the General

Session Live Webinar.

£

2. SGAS One-on-One Sessions: Closed, one-on-one discussions between a registered entity’s Subject
Matter Experts {SMEs) and ERO Enterprise (collectively NERC and Regional Entities) staff about issues
pertinent to their implementation of NERC compliance obligations. These sessions will occur between
Manday, March 30 - Friday, April 10, 2026. NERC will schedule the one-on-one sessions after regis-
tration is ived and is di d with ional Entitv staff.




Risk Assessment
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2026 Risk Assessment Strategy: CMEP IP e

<4
2026 ERO Enterprise Supply Chain )
Compliance Monitoring and- : :
Enforcement Program Physical Security )
Implementation Plan
Grid Transformation
February 2026

RRRRRRRRRRRRRRRRRRRRR
oooooooooooooooooooooo

Facility Ratings ‘
Extreme Weather Response ‘
Communication Protocols &

Operating Instructions )

RELIABILITY | RESILIENCE | SECURI




Q2 2026: Texas REview Newsletter

_

* Align Risk Questionnaire Update

» Grid Transformation Risk Element
o= O
‘ LCVIiew




“J Q2 2026: NERC Standards Review Forum (NSRF)

Ask Texas RE Presentations J

* Risk Assessment Using MIDAS

JFTEXASRE

Ensuring electric reliability for Texans




Diego Bailey
Risk Assessment Analyst Il

April 8, 2026

talk.

1l
TEXASRE

Q2 2026: Workshop, Webinar, Training, and Conference Highlights

SN

Facility Ratings
Internal Controls

William Braun
Risk Assessment Analyst, Sr.

Allie Huey
O&P Compliance Engineer

April 22, 2026

TEXASRE

Ensuring electric reliability for Texans

New Entity/PCC
Expectations

Brook Rodaway

Registration and Certification Program Coordinator

Jeff Hargis
Risk Assessment Engineer, Sr.

Rebekah Barber
Compliance Team Lead

Alexandra Huey
0&P Compliance Engineer IIl

Announcement

Cold Weather Preparedness
Small Group Advisory
Sessions (SGAS)

Planned activities will begin March 26, 2026.

K

Note: All meetings will be virtual through WebEx

Event Information — NERC, in collaboration with the Regional Entities, will host a SGAS for those entities that
have been identified and notified during the Inverter-Based Resources Registration Initiative for registration with
NERC as a Category 2 Generator Owner (referred to as GO-2) and/or Category 2 Generator Operator (referred
to as GOP-2).
o The target audience for this SGAS will be GO-2s and GOP-2s with no previous NERC Regulatory expe-
rience.

This SGAS will help GO-2s and GOP-2s understand their compli bligati d prepare for impl
Specifically, the SGAS will cover the set of Reliability Standards that GO-2s and GOP-2s must comply with in 2026.

Please note that GO-2s and GOP-2s are required to comply with an initial set of eight Reliability Standards on
their registration effective date of May 15, 2026.

The SGAS will consist of two parts:

1. General Session Live Webinar: A general session will be held to help GO-2s and GOP-2s understand
their compliance obligations with the initial set of Reliability Standards on Thursday, March 26, 2026,
2:00-4:00 p.m. Eastern This session will:

a. Introduce NERC, Regional Entities, and the Compliance Monitoring and Enforcement Program.

b. Review the NERC Reliability Standards that GO-2s and GOP-2s must comply with day one of their
registration effective date.

c. Registration for a one-on-one session (detailed below) is not necessary to attend the General
Session Live Webinar.

2. SGAS One-on-One Sessions: Closed, one-on-one discussions between a registered entity’s Subject
Matter Experts {SMEs) and ERO Enterprise (collectively NERC and Regional Entities) staff about issues
pertinent to their implementation of NERC compliance obligations. These sessions will occur between
Manday, March 30 - Friday, April 10, 2026. NERC will schedule the one-on-one sessions after regis-
tration is ived and is di d with ional Entitv staff.

Public



Enforcement Report

Board of Directors Meeting
September 16, 2026
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Enforcement Processing Priorities

Noncompliance Discovered and Processed by Year

227
204 206
179 183
157
129
I 62

2023 2024 2025 2026

250

Streamlining disposition of minimal
risk issues

200

Working to promptly assess
mitigating activities to ensure
reasonableness and effectiveness

50

Focus on mitigating and resolving
higher risk issues :

MW Discovered M Processed




Addressing Aging Inventory

Issues Over and Under Two Years Old

250

236
215
200 189 184
166
150
120
100
46 °2

50

‘ II
B

Issues Over Two Issues Under Two Total
Years Old Years Old

W 2024
W 2025
W 2026

Age of Noncompliance in Inventory

14%

® Less than One Year

®m Over 2 Years

m Over 1 Year, Less Than 2

Public
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Enforcement Year-to-Date Dashboard

Issues Processed by Disposition Type 2026 Processed by Risk
180 1

6
7
160 154

141

140

120

100

I- 20 —_— —_— - 48

CE SNOP Dismissal m Dismissal m Minimal

m 2024 m2025 m2026 m Moderate Serious



Registration Report

Board of Directors Meeting
September 16, 2026
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Registration Initiatives

Inverter-Based Resource Registration Initiative

e Texas RE registered 30 Category 2 Generator Owners and 21 Category 2
Generator Operators on May 15, 2026

e Texas RE completed all required registration analysis ahead of schedule

Large Computational Loads

e Proposed changes to Registry Criteria are open for comment until September
18, 2026

e More information to come!
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Number of Registered Entities by Function - Texas RE Region

387 Registered Entities | 634 Functions 463 Registered Entities | 726 Functions*
As of August 1, 2025 As of August 1, 2026

Over 20% of all Texas RE registered entities participate in the Coordinated Oversight Program

*This includes 30 Category 2 GOs and 21 Category 2 GOPs that were registered as a result of
the Inverter-Based Resources Registration Initiative



Registered Generation by Fuel Type
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Registration Change Activity by Entities and Functions - 2026

Registration Changes by Entity

Type of Activity # of Entities

Deactivations 8 Includes only registration activities requiring a
revision to the NERC Registry between

Additions 2 January 1 — August 1, 2026

Entity Name Changes 4

Registration Changes by NERC Function (Note: entity may have more than one function)

Type of Total
Activity n OP UFLS n“---

Deactivations
Additions 0 1 56 32 0 0 0 89
Entity Name 0 0 2 2 0 0 0 4
Changes

10,855 MW* 4249 MW

*The total amount of MW includes facilities that added generation to existing registrations
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Growth in Registration Activity

Registration Activity by Year
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Certification/Certification Review Updates

Status Updates

Current Certification Activities

1 Certification
2 Certification Reviews
3 Lesser Activities

Completed Activities in 2026
1 Certification Review
4 Lesser Activities
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+F Key Activities in Q2 2026

‘ Scope completed for 2026 Energy Assessment
‘ LTRA data submission and data quality review

‘ MAST frequency study scope development

‘ 2026 Regional Risk Assessment underway

‘ RAPA Oversight and ERM Updates




Reliability Services Functional Dashboard as of August 1, 2026
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Grid Reliability Dashboard as of August 1, 2026 e
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