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Forum Agenda
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NPCC Reliability Forum Outreach Efforts Gerry Dunbar — NPCC - Director, Communications and Stakeholder Outreach
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. Tracy D. MacNicoll = NPCC - Senior Entity Risk Assessment Analyst
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FERC Order 901 Milestone 3 Standards Update JP Skeath — NERC — Manager, Engineering & Security Integration

Todd E. Lucas — Southern Company — Vice President, Transmission
Operations & Policy
Brett A. Kruse — Calpine Corporation — Vice President, Market Design

BREAK

Modernization of Standards Processes and Procedures
Task Force Whitepaper

Practical Impacts and Recommendations for Order 901

. . ere Ryan Quint — Elevate Energy Consulting — President and CEO
Milestone 3 Activities yan Q ay g

Electronic Modeling Lessons Learned & Challenges for  Todd Chwialkowski — EDF Power Solutions North America — Director,
Inverter-Based Resources (IBRs) Transmission Regulatory & Compliance

Forum Survey and Closing Remarks Gerry Dunbar — NPCC - Director, Communications and Stakeholder Outreach
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Safety Message

 Public transportation safety awareness

NPCC Reliability Forum
PUBLIC August 7, 2025 J
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Reliability Forum Disclaimer

Webinar Logistics
« Participants are muted.

« Use the “Q&A" feature to submit questions.

« Questions will be addressed at the end of each
presentation.

e The forum will be recorded.

* Presentation materials will be posted on the NPCC
website.

Public Advisory
« This is a public webinar.

« Audience may include press and government
representatives.

« Speakers should be mindful of the diverse audience.

PUBLIC

Content and Reliance

Information shared is for informational purposes only.

NPCC is not responsible for the accuracy or use of
presented content.

Views expressed do not necessarily reflect NPCC's
position.

Vendor Information

Discussions do not imply NPCC endorsement.

NPCC does not promote specific technologies, products, or
vendors.

Questions about vendor offerings should be directed to the
vendors.

Users of vendor services assume full responsibility.
NPCC is not liable for any claims arising from vendor use.
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Antitrust Compliance Guidelines

* |t is NPCC's policy and practice to obey the antitrust laws and to avoid all
conduct that unreasonably restrains competition. The antitrust laws make it
important that meeting participants avoid discussion of topics that could
result in charges of anti-competitive behavior, including: restraint of trade and
conspiracies to monopolize, unfair or deceptive business acts or practices,
price discrimination, division of markets, allocation of production, imposition
of boycotts, exclusive dealing arrangements, and any other activity that
unreasonably restrains competition.

* It is the responsibility of every NPCC participant and employee who may in
any way affect NPCC's compliance with the antitrust laws to carry out this
commitment.
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Antitrust Compliance Guidelines

Participants in NPCC activities (including those participating in its committees,
task forces and subgroups) should refrain from discussing the following
throughout any meeting or during any breaks (including NPCC meetings,
conference calls and informal discussions):

- Industry-related topics considered sensitive or market intelligence in nature that are outside of their committee’s
scope or assignment, or the published agenda for the meeting;

- Their company’s prices for products or services, or prices charged by their competitors;
- Costs, discounts, terms of sale, profit margins or anything else that might affect prices;
- The resale prices their customers should charge for products they sell them;

- Allocating markets, customers, territories or products with their competitors;

- Limiting production;

- Whether or not to deal with any company; and

- Any competitively sensitive information concerning their company or a competitor.

PUBLIC
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Antitrust Compliance Guidelines

* Any decisions or actions by NPCC as a result of such meetings will only be
taken in the interest of promoting and maintaining the reliability and
adequacy of the bulk power system.

« Any NPCC meeting participant or employee who is uncertain about the legal
ramifications of a particular course of conduct or who has doubts or
concerns about whether NPCC's antitrust compliance policy is implicated in
any situation should call NPCC's General Counsel and Corporate Secretary,
Mr. Damase Hebert at (646) 737-2335 or dhebert@npcc.org.
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NPCC Long Term Strategy

To assure effective and efficient reduction of risks to the reliability and security of the grid

2025 Outreach Activities

- Reliability Forums - March, May, Aug., Oct.
 Various Reliability Topics
 Electric Vehicles Ener%;y Storage, Large

Loads, FERC Order 90T- Data and Model
Validation

- State and Provincial Outreach Topics

 NERC and NPCC Seasonal Reliability
Assessments

« State of Reliability

* Interregional Transfer Capability Stud
(ITCS)g g J J

« FERC Order 901 (September 2025)

- Regional Webinars/Workshops
 Physical and Cyber Security
« Extreme Weather Preparedness

« 2024 NPCC Northeast Gas-Electric Study

NERC Regions Map

NPCC Reliability Forum

PUBLIC August 7, 2025


https://www.nerc.com/AboutNERC/keyplayers/PublishingImages/Regions%20Map.jpg

IBR Category 2

Registration and
Initial Compliance
Expectations

Tracy MacNicoll

Senior Entity Risk Assessment Analyst

August 7, 2025

NPCC, Inc.
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Agenda

* Reliability Gap
* Registration

 Category 2 Reliability Standards

 Project 2024-01 Rules of Procedure Definitions Alignment
 Category 2 GO/GOP Standards

NPCC Reliability Forum
PUBLIC August 7, 2025
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The Reliability Gap

ERO Enterprise assessments identified a reliability gap
arising due to the increasing penetration of inverter-based
resources (IBR) on the grid and the need for updated
registration rules under the NERC Rules of Procedure

(ROP).

FERC ordered NERC to prepare a work plan to accomplish
the above by May 2026.

PUBLIC
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The Solution

iy

PUBLIC

NERC seeks to register Generator Owners (GO) and Generator Operators (GOP) of
non-Bulk Electric System IBRs with an aggregate nameplate capacity =20 MVA
connected at a voltage =60 kV.

Under this proposal, 97.5% of BPS-impactful IBRs would become subject to NERC
Reliability Standards, commensurate to the 97% of BPS-impactful synchronous
resources currently subject to these standards by nameplate capacity.
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Registration

Source: Unsplash

PUBLIC
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IBR Registration Milestones

NERC is currently in Phase 3 of the registration milestones identified
in the FERC-approved work plan.

IBR Registration Milestones

Phase 1: May 2023-May 2024 Phase 2: May 2024-May 2025 Phase 3: May 2025-May 2026

e  Complete Rules of Procedure *  Complete identification of Category e  Complete registration of Category 2

revisions and approvals 2 GO and GOP candidates GO and GOP candidates thereafter
subject to applicable NERC

¢ Commence Category 2 GO and GOP *  Continue Category 2 GO and GOP Reliability Standards
candidate outreach and education candidate outreach and education
(e.g., through trade organizations) (e.g., quarterly updates, webinars, ¢  Conduct specific Category 2 GO

workshops, etc.) and GOP outreach and education

(e.g., quarterly updates, webinars,
workshops, etc.)

Source: Quick Reference Guide: IBR Reqistration Initiative

PUBLIC


https://www.nerc.com/pa/Documents/IBR%20Registration%20Initiative_Quick%20Reference%20Guide.pdf
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Category 2 Candidate Identification

Request for Information 1

(due September 2024)

Request for Information 2

(initiated December 2024)

PUBLIC

- Balancing Authorities
 Transmission Owners

* Registration Candidates

REGIONAL ENTITY NUMBER OF IBRS MVA
MRO 118 5,130

NPCC 57 1,862
ReliabilityFirst 77 3,513
SERC 171 9,881

Texas RE 39 1,998
WECC 319 12,800
TOTAL 781 35,184

*The numbers 1n this table are subject to change based on further validation.

Source: IBR Registration Workplan May Update_Signed.pdf

NPCC Reliability Forum
August 7, 2025
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https://www.nerc.com/FilingsOrders/us/NERC%20Filings%20to%20FERC%20DL/IBR%20Registration%20Workplan%20May%20Update_signed.pdf
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NPCC IBR Candidate Expectations

RFI was distributed in

December 2024
- Asset Verification Form * One-on-One with each
- Interconnection Candidate
Agreement - Establish Expectations
» Third-Party Operating » Answer Questions

Agreement

PUBLIC
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Centralized Organization Registration ERO
System (CORES)

 Category 2 expanded existing GO/GOP Functional Registration
* All existing registered GO/GOP should meet the BES Definition

» Modification are in progress to accommodate Category 2
« Expected: Q3 2025

PUBLIC
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Standards
5

Source: Unsplash
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Glossary/ROP Alignment

Project 2024-01: Rules of Procedure Definitions Alignment

Generator Owner (GO):

* The entity that: 1) owns and maintains generating * The entity that: 1) operates generating
Facility(ies) (Category 1 GO); or 2)owns and Facility(ies) and performs the functions of
maintains non-BES Inverter-Based Resource(s) supplying energy and Interconnected Operations
that either have or contribute to an aggregate Services (Category 1 GOP); or 2) operates non-
nameplate capacity of greater than or equal to 20 BES Inverter-Based Resources(s) that either have
MVA, connected through a system designed or contribute to an aggregate nameplate capacity
primarily for delivering such capacity to a of greater than or equal to 20 MVA, connected
common point of connection at a voltage greater through a system designed primarily for
than or equal to 60 kV (Category 2 GO). delivering such capacity to a common point of

PUBLIC

connection at a voltage greater than or equal to
60 kV (Category 2 GOP).

Source: 2024-01 GO GOP Definitions_Clean_IB_032425.pdf
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Category 2 GO/GOP Standards

NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Reliability Standards Compliance DatesYor

Generator Owners & Generator Operators
Inverter-Based Resource Registration Initiative Supplemental

Q2 2025

Source: Reliability Standards Compliance Dates for Generation Owners & Generator Operators

NPCC Reliability Forum
PUBLIC August 7, 2025 0
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Category 2 GO/GOP Standards

Standards Project Category 2

° AR he # For Inclusion of Status Effactiva Date of IBR Compliance
Standard Standard
dandaras that only require Cat 2 Dete
. . . Pending FERC
a rova | Of G O/ G O P D efl n I-t I O n S BAL-001-TRE Project 2024-01 Approved 7/1/2020 Approval of GO/GOP
p p Definitions
Pending FERC
IRO-010-5 Project 2024-01 Approved 7/1/2025 Approval of GO/GOP
Definitions
Pending FERC
MOD-032-1 Project 2024-01 Approved 7/1/2015 Approval of GO/GOP
Definitions
Pending FERC
PRC-012-2 Project 2024-01 Approved 1/1/2021 Approval of GO/GOP
Definitions
Pending FERC
PRC-017-1 Project 2024-01 Approved 4/1/2017 Approval of GO/GOP
Definitions
Pending FERC
TOP-003-6.1 Project 2024-01 Approved 7/1/2025 Approval of GO/GOP
Definitions
Pending FERC
VAR-001-5 Project 2024-01 Approved 1/1/2019 Approval of GO/GOP
Definitions
Pending FERC
VAR-002-4.1 Project 2024-01 Approved 9/26/2017 Approval of GO/GOP
Definitions

Source: Reliability Standards Compliance Dates for Generation Owners & Generator Operators

NPCC Reliability Forum
August 7, 2025
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Category 2 GO/GOP Standard Modifications

Modifications required for
Additional Standards

Standards Project

Category 2

Source: Reliability Standards Compliance Dates for Generation Owners & Generator Operators

PUBLIC

August 7, 2025

LN # For Inclusion of Status Effactive Dats of IBR Compliance
Standard Standard
Cat 2 Date
Requires
PRC-019 Modification
Requires
o Modification
Requires
PRC-024 Modification
Requires
LS Modification
Requires
PRC-026 Modification
Requires
—— Modification
PRC-028-1 Project 2021-04 Approved 41142025 7/1/2026
. Pending FERC Pending FERC Pending FERC
PRC-029-1 Project 2020-02
C-029 = Approval Approval Approval
PRC-030-1 Project 2023-02 Approved TBD TBD
Requires
Lo il Modification
Requires
TPL-007 Modification
NPCC Reliability Forum 29
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Resources

NERC v Currently Available

I
NORTH AMERICAN ELECTRIC REGISTRATION -

RELIABILITY CORPORATION |N|T|AT|VEﬁ .
» Quarterly Updates: Q2 2025
Quick Reference Guide: IBR Registration Initiative
oY Quick Ref Guid d FAQs:
([
As part of its [nverter-Based Resource Strateqy, NERC is dedicated to identifying and addressing u I C e e re n Ce u I e S a n S °
challenges assc_»ciated n\_rith inverter-based resources (IBR) as _the Penetrano_n of these - i FE,ZI;,:I;N:;E-E M M ‘LS °
e it e g wigoton o o s e v oo svcr | [ * |IBR Reqistration Initiative

level of bulk power system-connected IBR owners and operators are not yet required to
register with NERC or adhere to its Reliability Standards. In response, FERC issued an gcrder

L] L] L]
in 2022 directing NERC to identify and register owners and operators of currently Available Resources ® I B R AC-tIVI-t I eS
unregistered bulk power system-connected IBRs. Working closely with industry and Learn about the ERO Enterprise and
stakeholders, NERC is executing a FERC-approved work plan to achieve the identification Registration Initiative: Open Lette nts

and registration directive by 2026.

« Candidate for Registration
» |BR Webinar Series

This visual dashboard allows stakeholders to easily locate key project updates and resource
documents and is updated regularly. Resources are also posted on the Registration page of
the NERC website.

IBR Registration Milestones
Phasp 1: May 2023-May 2024 Phase 2: May 2024-May 2025 Phase 3: May 2025-May 2026 E R O E ° C M E P P °
+  Complete Rules of Procedure +  Complete identification of Category ~ +  Complete registration of Categary 2 l l t e r D r I S e ra C-t I C e

revisions and approvals GO and GOP candidates 60 and GOP candidates thereafter i
subject to applicable NERC

Commence Category 2 GO and GOP *  Continue Category 2 GO and GOP Reliability Standards Webinars: November 2024 °

candidate outreach and education candidate outreach and education An3E

(e.g. through trade organizations) (... quarterly updates, webinars, «  Conduct specific Category 2 GO | March 2025 5 d a

workshops, etc.) and GOP outreach and education

(e.g., quarterly updates, webinars, el
warkshops, etc )

NERC AND THE E-ISAC

T » Inverter-Based Resources (IBR)
—  Hwewm e o Registration Initiative—101

Source: Quick Reference Guide: IBR Reqistration Initiative

NPCC Reliability Forum
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https://www.nerc.com/pa/comp/RegistrationReferenceDocsDL/IBR%20Update%20Q2%202025.pdf
https://www.nerc.com/pa/Documents/IBR_Quick%20Reference%20Guide.pdf
https://www.nerc.com/pa/Documents/IBR_Quick_Reference_Guide_Activities.pdf
https://www.nerc.com/pa/Documents/Quick%20Reference%20Guide%20-%20Candidate%20for%20Registration.pdf
https://www.nerc.com/comm/RSTC/IRPS/IBR_Webinar_FAQ.pdf
https://www.nerc.com/pa/comp/RegistrationReferenceDocsDL/CMEP%20Practice%20Guide%20-%20Application%20of%20the%20Registration%20Criteria%20for%20Category%202%20Generator%20Owner%20and%20Generator%20Operator%20Inverter-Based%20Resources%20(2).pdf
https://www.nerc.com/pa/comp/RegistrationReferenceDocsDL/CMEP%20Practice%20Guide%20-%20Application%20of%20the%20Registration%20Criteria%20for%20Category%202%20Generator%20Owner%20and%20Generator%20Operator%20Inverter-Based%20Resources%20(2).pdf
https://www.nerc.com/news/Documents/NERC,%20E-ISAC,%20and%20IBR%20Registration%20101.pdf
https://www.nerc.com/news/Documents/NERC,%20E-ISAC,%20and%20IBR%20Registration%20101.pdf
https://www.nerc.com/pa/Documents/IBR_Quick%20Reference%20Guide.pdf
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Questions

PUBLIC
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FERC Order 901 Milestone

JP Skeath, Manager, Engineering & Security Integration -
August 2025
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

FERC Order 901 Summary

26

IBR===

REGISTRATION "Nam.
INITIATIVE

COMPLETED
JANUARY
2024

Order No. 901 Work Plan
submission

DUE
NOVEMBER 4,
2025

Development and filing of Reliability
Standards to address data sharing
and model validation for all IBRs

STANDARDS
MILESTONES:
ORDER 901

DUE
NOVEMBER 4,
2024

Standards development and filing to
address performance requirements
and post-performance validations for
Registered IBRs

DUE
NOVEMBER 4,
2026

Development and filing of Reliability
Standards to address use of
performance data in Operational and
Planning studies

RELIABILITY | RESILIENCE | SECURITY
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Milestone 2 Summary

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Perform post-
IBR ride-through event analytics
criteria

Disturbance
monitoring and  ---------
data sharing

PRC-024 PRC-030 created
updated to to analyze
include Type 1 unexpected IBR

and Type 2 Wind excursions

PRC-002
updated with
IBR definition

and applicability

D ——

Use this data
PRC-028 created for Model
for IBR Validation
disturbance (Milestone 3
monitoring requirements)

PRC-029 created
for IBR ride-

through

27 RELIABILITY | RESILIENCE | SECURITY
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Milestone 3 Summary

Model Verification

and Model
Validation

MOD-026
updated with
requirements
for providing

Model

Verification and
Model
Validation
documentation
to planners that
include IBRs

28

P ——

Project 2020-
06 defined
terms “Model
Verification”
and “Model
Validation”

Modeling and
analysis data

MOD-032
updated with
requirements
for ensuring

consistent data
for Model
Validation in
accordance with
ERO criteria

Perform Model
Validation

MOD-033
updated with
requirements

for Model

Validation with
dynamic event
data

RELIABILITY | RESILIENCE | SECURITY
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Milestone 3 Timeline

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e All project initial ballots complete.

e Project 2021-01 and Project 2022-02 standards and associated documents to be
posted for additional ballot on August 8.

e Project 2020-06 to be posted for additional ballot on August 14.

e All project ballots to close around second week of September.

e Milestone 3 Standards to be submitted to FERC by November 4, 2025.

29 RELIABILITY | RESILIENCE | SECURITY
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Project 2022-02 MOD-032 Updates

Purpose:

To establish consistent modeling data requirements and reporting procedures for development of

planning horizon cases.

Requirement:

Each Planning Coordinator (PC) and its Transmission Planner(s) (TP) develop steady-state, dynamic, and
short circuit data requirements:

30

1.4. Bpecifications of the following items for dynamic model submissions:

1.4.1. Required submission of:

e standard library models incorporated within the software(s) utilized
to create the interconnection-wide case(s);

e user-written models; or

e both standard library models and user-written models.

1.4.2. Where user-written models are accepted, usability requirements for any
submitted user-written models including, at a minimum, requirements to
provide model documentation and instructions for model set up and use.

1.4.2.1. Each Planning Coordinator and Transmission Planner shall provide

their user-written model criteria within 90 calendar days of
receiving a written request for such data from other Planning
Coordinators and Transmission Planners within the
Interconnection.

RELIABILITY | RESILIENCE | SECURITY
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Project 2022-02 MOD-032 Updates

e FERC Order 901 P104, P105, P106:

Transmission Owners (TO), Distribution Providers (DP), and other registered entities, if they are unable to
gather aggregate IBR-DER data, to...

provide instead to the Bulk-Power System planners and operators in their

areas: (1) an estimate of the modeling data and parameters of IBR-DERSs in the

202

aggregate,

explanation of the limitations of the data provided by IBR-DERs. and (4) the method
used for estimation. In support of above, we further direct NERC to consider
commenters’ suggestions to implement a process or mechanism by which distribution

providers would receive modeling data and parameters.

(2) an explanation of the limitations of the availability of data. (3) an

202

e Requirement:

31

2.1.

If therespensiblea functional entity,asidentified-inReguirement BRI Part -1 is
required to provide data for one or more of the following and is unable to gather
wnregisteroddpverter based Resouree UBRY dataerageresate Distributedsuch
data-and parametersandinclude, the functional entity shall provide an

explanation-of the imitatonsestimate of the availabilibrefdata, an explanation
of the limitations of arythe estimated data-previded, and the method used for

estimation.

o  Aggregate DER data; or

e Data for an IBR that is not a DER and does not meet the criteria that
would require the owner to register with NERC for mandatory Reliability
Standards compliance purposes.

RELIABILITY | RESILIENCE | SECURITY



NERC Project 2022-02 MOD-032 Updates

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e Attachment 1 contains data reporting requirements to effectively model interconnected transmission
system, and typical functional entity responsible for reporting respective data.

steady-state dynamics short circuit
(Iltems marked with an asterisk indicate data that vary
with system operating state or conditions. Those items
may have different data provided for different modeling
scenarios)
1. Fach bus [TO] 1. Generator [GO, RP (for future planned 1. Provide for all applicable elements in
a. nominal voltage resources only)] column “steady-state” [GO, RP, TO, DP]
b. area, zone and owner 2. Excitation System [GO, RP (for future planned a. Positive Sequence Data
2. Aggregate Demand® [DP] resources only)] b. Negative Sequence Data
a. real and reactive power™® 3. Governor [GO, RP (for future planned c. Zero Sequence Data
b. in-service status* resources only)] 2. Mutual Line Impedance Data [TO]
3. Generating and storage units* [GO, TO®, RP (for future planned 4.  Power System Stabilizer [GO, RP (for future 3. Other information requested by the
resources only)] planned resources only)] Planning Coordinator or Transmission
a. real power capabilities - gross maximum and minimum 5. Aggregate Demand?® [DP] Planner necessary for modeling
values 6.  Wind plant model (for plants with type 1 and necessany
b. reactive power capabilities - maximum and minimum type 2 wind turbines) [GO] purposes. [BA, GO, DP, TO, TSP]
values at real power capabilities in 3a above 7. Inverter-Based Resource [GO, TO?]
c.  station service auxiliary load for normal plant a. IBR capabilities related to momentary
configuration (provide data in the same manner as cessation, tripping, Ride-through, voltage
that required for aggregate Demand under item 2, control, and frequency control
above). 8. Static Var Systems and FACTS [GO, TO, DP]
d. regulated bus* and voltage set point* (as typically 9. DC system models [TO]
provided by the TOP) 10. Aggregate Distributed Energy Resource (DER)
e. machine MVA base datal [DP, TOJ®

32 RELIABILITY | RESILIENCE | SECURITY



NERC Project 2022-02 Other Updates

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e |RO-010 ensures reliability by preventing instability, uncontrolled separation, or Cascading outages. This
is done by ensuring each Reliability Coordinator has data and information to plan, monitor, and assess
its area.

e TOP-003 ensures each Transmission Operator (TO) and Balancing Authority (BA) has data and
information needed to plan, monitor, and assess its area.

e These standards updated with:

- | ncI Ud | ng | BR-specific data a nd 1.1. fﬂ\ list of d.‘?ta and mfc!rmatmn needed by_the Rell.‘_ab|l|_tv Coordmator_to support
its Operational Planning Analyses, Real-time monitoring, and Real- time

pa ram ete rs. Assessments including non-BES data and information, external network data

and information, Inverter-based Resource (IBR)-specific data and parameters

and identification of the entities responsible for responding to the
specification as deemed necessary by the Reliability Coordinator.

= Clarifying model submission

reqg uirementss. 1.5.3 Reqguirements for model submissions to be consistent with the model
submitted for planning purposesi

as applicable;

33 RELIABILITY | RESILIENCE | SECURITY



NERC Project 2020-06 Definition Updates

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Project 2020-06 defined the following terms, which have passed industry ballot:

Model Verification

The process of confirming that model structure and parameter values represent the equipment or facility
design and settings by reviewing equipment or facility design and settings documentation.

Model Validation

The process of comparing measurements with simulation results to assess how closely a model’s
behavior matches the measured behavior.

34 RELIABILITY | RESILIENCE | SECURITY
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—————— Project 2020-06 MOD-026 Updates

RELIABILITY CORPORATION

Purpose:

To verify and validate dynamic models used to assess Bulk Electric System (BES) reliability represent in-
service equipment.

e Updated standard will incorporate MOD-027 requirements; MOD-027 will be retired.
e This standards applies to the following facilities

= Synchronous generators

= Dynamic reactive resources
Y «12 — Generating resource(s) including the generator terminals through the
greater than 20 MVA high-side of the
step-up transformer(s) connected at a voltage of 100 kV or above with:
= HVDC SyStemS a) Gross individual nameplate rating greater than 20 MVA. Or,
b) Gross plant/facility aggregate nameplate rating greater than 75 MVA.

= |nverter-Based Resources

«15 =Static or dynamic devices (excluding generators) dedicated to supplying
or absorbing

Reactive Power that are connected at 100 kV or higher, or through a

dedicated transformer with a high-side voltage of 100 kV or higher, or

through a transformer that is designated in Inclusion I1 unless excluded by

application of Exclusion E4

35 RELIABILITY | RESILIENCE | SECURITY



NERC Project 2020-06 MOD-026 Updates

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Requirements:

e Each Transmission Planner (TP) and Planning Coordinator (PC) to develop dynamic model requirements,
including those for acceptable Electromagnetic Transient (EMT) models and provide these to Generator
Owner (GO) and Transmission Owner (TO). These requirements will be used to assess acceptability of
submitted models. (Exemptions for legacy GOs)

e Generator Owner (GO) and Transmission Owner (TO) shall provide this information, including Model
Verification and Model Validation information for any new or updated facilities to its Transmission
Planner (TP).

e Transmission Planner (TP) shall review, and communicate whether it accepts or declines the dynamic
model information. If declined, entities will work together to resolve model issues.
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Project 2020-06 MOD-026 Updates

Attachment 1 provides requirements for dynamic models and associated functions

37

Generator Model

Excitation Control

Governor Control

Additional Limiting and Protective
Functions

1. Manufacturer, model
number (if available),
and type of
generator/synchronous
condenser;

2. Models representing the
generator/synchronous
condenser.

Manufacturer, model number (if
available), and type of excitation
system hardware;

Model(s) representing the
excitation system including voltage
regulator, impedance
compensation (such as droop, line
drop, differential compensation),
power system stabilizer, and outer-
loop controls which impact
dynamic volt/volt-ampere reactive
(VAR) performance.

Manufacturer, model number (if
available), and type of prime
mover, governor, and control;

Model(s) representing the prime
mover, governor control system,
and any other controls which
impact the dynamic active power
or frequency performance due to
a system disturbance (e.g., load
controller), but excluding
Automatic Generation Control.

If required by its Transmission
Planner under Requirement R1, Part
1.1.1, Generator Owner(s) or
Transmission Owner(s) shall submit:

1. Model(s) representing enabled
excitation limiters;

2. Model(s) representing AC over-
voltage, AC under-voltage,
enabled over-frequency, under-
frequency, over-speed, under-
speed, Volts per Hertz protective
functions, out of step protection
that trip the excitation system,
the prime mover, or
generator/synchronous
condenser either directly or via
lockout or auxiliary tripping
relays.
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NERC Project 2021-01 MOD-033 Updates

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Purpose:

To establish a process for system model validation to achieve and maintain model accuracy.

Requirement:

e Each Planning Coordinator to validate steady-state and dynamic planning System model developed in
accordance with MOD-032.

e Validation performed by comparing planning System model to:
= State estimator case(s) or other Real-time data sources for steady-state models.
= Actual System behavior obtained from dynamic local event data for dynamic models.

e Planning Coordinator to determine any unacceptable performance differences and resolve these
differences.

! such planning System models will thus include registered IBRs and aggregated DERs, as well as IBRs that are not DERs and that
do not meet the criteria that would reguire the owner(s) to register with NERC for mandatory Reliability Standards compliance
purposes, that are present in the existing system.
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NERC Milestone 4 SARs

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Operational Studies Potential Updates:

e Revise definitions (Real-time Assessment, Operational Planning Analysis, Balancing Contingency Event) to include
IBR performance and sudden IBR output reduction.

e TOP Standards:

= Require entities to utilize IBR performance as captured via updated modeling standards. IBR performance to
inform generation-load-interchanges as well as Operating Plans.

¢ |IRO, FAC, PRC Standards:

= Require Reliability Coordinators to utilize IBR performance information to identify Operating Limit exceedances
as well as Transmission and Generation outages.

= Require Reliability Coordinators to utilize IBR performance information to determine stability limits, Contingency
events, and responses to Remedial Action Schemes
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NERC Milestone 4 SARs

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Planning Studies Potential Updates:

e Revise TPL-001 Standard or create new Standard to update Planning Models. These updated Planning Models will
include IBRs as required in updated Standards from Milestone 3.

e Ensure grid stress performance conditions are updated where necessary.

e Planning assessments to capture
IBR performance under these

Interruption of Con No:;ndal
CO n d iti O n S a n d to i n C I u d e Category Initial Condition Fault Type?  BES Level* Firm Transmission L::: =
) Service Allowed * Allowed
ride-through performance Po
° No Normal System None N/A EHV, HV No No
Contingency
Loss of one of the following:
1. Generator
P1 2. Transmission Circuit 3@
Single Normal System 3. Transformers EHV, HV No? No'?
Contingency ! Devices
Table 1 — Steady State & Stability Performance Planning Events s |
Steady State & Stability: N/A EHV, HV No? No'
a. The System shall remain stable. Cascading and uncontrolled islanding shall not occur. P EHV No® No
b. Conseguential Load Loss as well as generation loss is acceptable as a consequence of any event excluding PO. Hv Yes Yes
EHV No? No
¢. Simulate the removal of all elements that Protection Systems and other controls are expected to automatically disconnect for each event. SLG "y Yes Yes
d. Simulate Normal Clearing unless otherwise specified.
5LG EHV, HV Yes Yes
e. Planned System adjustments such as Transmission configuration changes and re-dispatch of generation are allowed if such adjustments
are executable within the time duration applicable to the Facility Ratings.
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Milestone 4 Timeline

e New projects to be developed for Milestone 4 Standards updates.

e Milestone 4 SARs to be posted mid-August for industry comment.

e Call for nominations for Milestone 4 Drafting Teams!

e Looking for individuals from utilities, Regions, and vendors with expertise in planning
and operational studies with IBRs.
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NERC

Resources

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

NERC 2020-06 Project Page (link)

e NERC 2021-01 Project Page (link)

e NERC 2022-02 Project Page (link)

e Dynamic Modeling Recommendations (link)

e FERC Order 901 (link)

e Standards Development Work Plan in Response to FERC Order No. 901 (link)

e Project 2022-02 Uniform Modeling Framework for IBR and Project 2021-01 System Model Validation with IBRs
Industry Joint Webinar Recording (link)

e |Industry Engagement Workshop for Reliable IBR Integration and Milestone 3 of FERC Order 901 Slides and
Recording (link)
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https://www.nerc.com/pa/Stand/Pages/Project-2020_06-Verifications-of-Models-and-Data-for-Generators.aspx
https://www.nerc.com/pa/Stand/Pages/Project_2021-01_Modifications_to_MOD-025_and_PRC-019.aspx
https://www.nerc.com/pa/Stand/Pages/Project2022-02ModificationstoTPL-001-5-1andMOD-032-1.aspx
https://www.nerc.com/pa/RAPA/ModelAssessment/Documents/Dynamic%20Modeling%20Recommendations.pdf
https://elibrary.ferc.gov/eLibrary/filelist?accession_number=20231019-3157&optimized=false
https://www.nerc.com/pa/Stand/Documents/Standards%20Development%20Mapping%20of%20FERC%20Order%20901%20Directives%20and%20Other%20Guidance%20to%20Standards%20Development%20Project_08082024.pdf
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnerc.webex.com%2Fwebappng%2Fsites%2Fnerc%2Frecording%2F4105366c494b103ebb47ba3e733d4633%2Fplayback&data=05%7C02%7Csandhya.madan%40nerc.net%7C45dc2bc92a10435cbaff08ddcddac5ef%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893061726080034%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=WFuV1Bz9NuAwt47N6eGKKxtmMdxRGhJ4FkH%2B8knH%2BWQ%3D&reserved=0
https://www.nerc.com/pa/Stand/Pages/Standards-Under-Development.aspx

NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Resources

Announcement

Registration Process for Category 2 Generator Owner and Generator Operator Inverter-Based Resources Webinar Resources Now Available

Click here for: Slide Presentation| Webinar Recording| IBR Initiative Quick Reference Guide | Candidate for Registration Quick Reference Guide | Joining
the ERO Enterprise |Expanding Your Registration

On July 14, 2025, NERC hosted an informational webinar on the Registration Process for Category 2 Generator Owner (GO) and Generator Operator (GOP)
Inverter-Based Resources (IBRs). This webinar introduced the registration process for owners and operators of non-Bulk Electric System IBRs with
aggregate nameplate capacity 220 MVA connected at a voltage 260 kV that are required to register with NERC and adhere to its Reliability Standards.
NERC has developed a process to register these Category 2 GOs and GOPs by May 15, 2026.

The informational webinar was designed to focus on the registration process for Category 2 GOs and GOPs, including the new functionality in the
Centralized Organization and Registration ERO System (CORES), and included an update on the IBR Initiative Milestones and Resources, and an overview
of the Electricity Information Sharing Analysis Center (E-ISAC).

The webinar agenda included:

° IBR Initiative Milestones and Work Plan Overview

o E-ISAC Overview

° Registration Process

° Centralized Organization Registration ERO System (CORES)

° Question and Answers

NERC also released new infographics to support entities in IBR Registration Initiative. For newly identified entities, the Joining the ERO
Enterprise infographic provides background on the ERO Enterprise and its mission and provides a step-by-step overview of the registration process. For
currently registered entities, the Expanding Your Registration infographic explains how to update existing registrations in CORES to reflect new Category 2
Generator Owner/Generator Operator responsibilities.

These resources are part of a broader effort to welcome new participants into the ERO Enterprise and provide the tools and guidance needed to support
reliability and compliance from the start.
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https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fpa%2Fcomp%2FRegistrationReferenceDocsDL%2FERO%2520Enterprise%2520Registration%2520Process%2520for%2520Category%25202%2520Generator%2520Owner%2520and%2520Generator%2520Operator%2520Inverter-Based%2520Resources.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734020680%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=0Cc%2Bo7IiqFTFsaaOK5rw9PeXW1j3esuie5BR0n%2B%2Fn10%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FC0fDHZllj2A&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734042137%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=ExxmaVr1hjqQdJOBq%2FtR9qE7XESt7MxOSwOoz7pPj88%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fpa%2FDocuments%2FIBR_Quick%2520Reference%2520Guide.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734056700%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=y1oG1AO31xjWBIEjs%2F%2F%2F3E7sGeBhRo2wtK%2ByoykbDGs%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fpa%2FDocuments%2FQuick%2520Reference%2520Guide%2520-%2520Candidate%2520for%2520Registration.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734070419%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=9Gjs84Axu0e7bsgqt04I3FWxkOXz2xNKulv48xF9J64%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fnews%2FHeadlines%2520DL%2FIBR%2520Registration%2520Infographic%2520Joining%2520The%2520ERO%2520Enterprise.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734260017%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=brN9PIxSYFW0rzmlCtABSjtmShMbh67fP6zgKDrtca4%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fnews%2FHeadlines%2520DL%2FIBR%2520Registration%2520Infographic%2520Joining%2520The%2520ERO%2520Enterprise.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734260017%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=brN9PIxSYFW0rzmlCtABSjtmShMbh67fP6zgKDrtca4%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fnews%2FHeadlines%2520DL%2FIBR%2520Registration%2520Infographic%2520Expanding%2520Your%2520Registration.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734279748%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=WKQt7WLM%2F6AoHFGYAB7is05l%2Bglb4X%2BxEhB%2FVmUKi6E%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eisac.com%2Fs%2F&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734294691%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=PZ%2FgUs4Zln8hqefLG7sQ18cIIr%2F%2FqX0g9PUx19xNoM8%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fnews%2FHeadlines%2520DL%2FIBR%2520Registration%2520Infographic%2520Joining%2520The%2520ERO%2520Enterprise.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734308530%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=yFapmSSO6Y9l3WZnJNYttUUNsoGpPafRAYBXY20L%2FxU%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fnews%2FHeadlines%2520DL%2FIBR%2520Registration%2520Infographic%2520Joining%2520The%2520ERO%2520Enterprise.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734308530%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=yFapmSSO6Y9l3WZnJNYttUUNsoGpPafRAYBXY20L%2FxU%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nerc.com%2Fnews%2FHeadlines%2520DL%2FIBR%2520Registration%2520Infographic%2520Expanding%2520Your%2520Registration.pdf&data=05%7C02%7Csandhya.madan%40nerc.net%7C583dedf2042645717ffd08ddcdf2b5bf%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638893164734322289%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=yJcKsL7KWhC46J45uoHkjCOvKiRQQoil6aTozYjYhyk%3D&reserved=0
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NORTH AMERICAN ELECTRIC <M\S:P:P). GUiding Principles

RELIABILITY CORPORATION '\ Task Force

— Transform and Modernize the Process —

Re-envision a modernized standard
development process to address evolving
risks.

— Create Efficiencies

|dentify areas of opportunity and
recommendations to save time and remove
redundant steps in the current process.

— Develop a Trusted Process

Provide clear opportunities for stakeholder
input, due process, openness, and balance of
interests.
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Activities to Date

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION '\ Task Force

March May - June May - July June July
0]
®_, _-_ -%_- /%%4:)\ --
= (-
Stood Up April Industry Opportunities June White
Task Workshop Feedback Developed Workshop Paper
Force Survey Posted for
Comment
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— <SP P> Potential Improvement Opportunities

RELIABILITY CORPORATION '\ Task Force

| L EE»> | > |
Standards Initiation Standards Development Balloting
e Implement a biannual e Form a new group or panel e Create a standing ballot
review and to coordinate standards body
prioritization process drafting with Al assistance :
e Implement a notice and
e Centralize the process e Qutsource standards comment process for
through the Reliability drafting proposed standards
and Security Technical : .
. e Implement incremental e Implement incremental
Committee :
process changes changes to Registered Ballot

Body framework
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION ’ \ Task Force

White Paper Roll-out and Engagement

Week of
August 4
July 21 “Drop-in” Q&A
Industry Webinar Sessions
July 22 August 27
Public Comment Public Comment
Period Open Period Closes
l |
July-August

Industry Outreach (Regional Entity events,
NERC Standing Committees, MRC, Board,
49 task force outreach etC-) RELIABILITY | RESILIENCE | SECURITY



p %
NERC — <MSPP=> MSPPTF Timeline

RELIABILITY CORPORATION ’.\ Task Force

® Developed scope document e Develop white paper of potential e Solicit stakeholder input e Present recommendations

* Identified areas for Improvement opportunities e Finalize recommendations 0 NERC Board
improvement e Solicit stakeholder input
e Solicit stakeholder input e Develop draft recommendations
Communications and Engagement
e Individual task force ¢ General communications to e Updates to NERC’s Board, MRC,
engagement and broad engagement with Standing Committees, and
industry and stakeholders Industry Groups
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NORTH AMERICAN ELECTRIC .<M\S‘P.P). Key Resources

RELIABILITY CORPORATION '\ Task Force

e Resources and forthcoming engagements are posted
on the MsPPTF webpage (under the Initiatives tab NERC

homepage).

Monthly Update

MﬁPP Modernization of Standards
e Link to the whitepaper standard Process Improvements White SV s

Paper and the feedback form MsPPTF Potential Improvement
Opportunities Industry Feedback Questionnaire e

e Several resources are available to keep industry and
stakeholders informed throughout this critical project:
= MSPP FAQs
= MSPPTF External Engagements

e The MSPPTF publishes a monthly update at the
beginning of each month to provide an overview of
recent activity and upcoming work.
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https://www.nerc.com/gov/bot/Pages/MSPP.aspx
https://www.nerc.com/Pages/default.aspx
https://www.nerc.com/Pages/default.aspx
https://www.nerc.com/gov/bot/MSPP/MSPPTF%20White%20Paper%20-%20July%202025.pdf
https://www.nerc.com/gov/bot/MSPP/MSPPTF%20White%20Paper%20-%20July%202025.pdf
https://i2toani4mb4.typeform.com/to/rRYmI0wX
https://i2toani4mb4.typeform.com/to/rRYmI0wX
https://www.nerc.com/gov/bot/MSPP/MSPPTF%20FAQs.pdf
https://www.nerc.com/gov/bot/MSPP/MSPPTF%20External%20Engagements.pdf

NERC o~ 7

PP
M\S‘ -
NORTH AMERICAN ELECTRIC

RELIABILITY CORPORATION '\ Task Force

Questions?
Email mspp@nerc.net
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p NORTHEAST POWER COORDINATING COUNCIL, INC.

BREAK

Resume at 10:55 AM

NPCC Reliability Forum

August 7, 2025 e
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Disclaimers

These views reflect the insights of Elevate and do not necessarily reflect the views of our
partners and clients.

These views reflect learnings from working on many IBR plant models across multiple
Regions and entities, and do not reflect any one site or entity.

These views should not be interpreted as compliance advice; they are solely for the
purpose of discussion and elevating industry.
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NERC Activities

Order 201 Milestone 3 Updates and Related Efforts
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NERC Dynamic Modeling Recommendations

* Detailed and accurate modeling

Reflecting as-left facility settings
Comprehensive IBR modeling req’s

Adequate proof of conformance

Positive sequence library model

Positive sequence user-defined model (UDM)
Electromagnetic transient (EMT) model
Site-specific models, verified by OEM
Benchmarking across models

List of unacceptable models

EVATE

ENERGY CONSULTING

Dynamic Modeling Recommendations
Recommended Modeling Practices and List of Unacceptable Mode

Primary Interest Groups
This document applies to Transmission Planners {TP), Planning Coordinators (PC), and MOD-0
The recommendations are also relevant to Generator Owners (G0), original equipment manidacturers
(OEM), consultants, and any other organization performing bulk power system (BPS) reliability studiésx\

Scope and Intended Use

This document replaces the MERC Acceptable Model List, which has historically been used to establish
requirements and criteria for the creation of Interconnection-wide base cases by MOD-032 designees. The
intent of this paper is to provide clear and more comprehensive recommendations regarding the use of
dynamic models for different types of reliability studies. This paper particularly focuses on models used for
dynamic stability analyses but does incorporate recommendations for other types of studies as well. MOD-
032 designees shall incorporate the recommendations contained herein for their Interconnection-wide case
creation processes; TPs and PCs are strongly encouraged to review and incorporate these recommendations
in their modeling and study processes.

Recommended Dynamic Modeling Practices

MERC strongly recommends the following framework for dynamic models used in BPS relizbility studies:

# Al models should be detailed and accurate representations of expected or as-built facilities on the
BPS, including during interconnection studies and throughout the lifecycle of a project.

# [t iz the responsibility of each TP and PC to establish clear, consistent, sufficiently detailed, and
comprehensive modeling requirements. These requirements should indude model quality checks
and updates when needed.

# [t is the responsibility of each project developer and GO to meet the modeling requirements
established by the TP and PC and to provide adequate proof of conformance to the requirements.
It is the responsibility of each GO to maintain an accurate model throughout the lifecycle of the
project. GOs shall natify the TP and PC of any expected changes or updates (per NERC FAC-002) far
in-service equipment and submit updated models accordinghy.

= Al TPs and PCs should reguire all of the following for each gemerator connected (or seeking
interconnection) to the BPS to ensure that sufficient models and supporting dotumentation are
provided:

* A positive sequence library model that is on the list of unacceptable models found in Appendix
A should not be provided. This model is often wsed by the MOD-032 designee for
Interconnection-wide base case creation, and it is often used in studies to represent facilities
outside of the TR/PC study area.

RELIABILITY | RESILIENCE | SECURITY
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https://www.nerc.com/pa/RAPA/ModelAssessment/Documents/Dynamic%20Modeling%20Recommendations.pdf

Order 901 Milestone 3 Standards Projects

FERC Order 901
Milestone 3 Projects

Project 2020-06 — Verifications of Models and Data for
Generators: Addressing the verification and validation of models for

registered inverter-based resources (IBR), unregistered and aggregated
IBR, and aggregated distributed energy resources.

Additional Focus:

= Define terms, such as Model Verification and Model Validation

* Develop process for post-interconnection mode! validation based on
performance data

» Set validation expectations using performance data

Standards Include: MOD-026, MOD-027

- EVATE

ENERGY CONSULTING

Project 2021-01 — System Model Validation with IBRs:
Addressing system-level model verification and validation against actual
system operational behavior during disturbances as well as aligning
steady state and dynamic representation, where appropriate.

Additional Focus:

» Develop criteria for performing validation

* Determine minimum study conditions for conducting validation studies

» Develop process to communicate system interconnection-wide model
defects to Transmission Planners and other associated entities

Standards Include: MOD-033

Project 2022-02 — Uniform Framework Model
Framework for IBR: Addressing development of a NERC-maintained

library consisting of generic IBR model types.
Additional Focus:
 Establish a uniform framework for data sharing and model

development

¢ Ensure other standards use performance data and library using this
framework

Standards Include: MOD-032, TOP-003, IRO-010
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Order 901 Milestone 3 Standards Projects

Project 2020-06

Verifications of Models and Data for Generators

MOD-026
MOD-027

Project 2022-02

Combining MOD-026-1 and MOD-027-1

Created NERC definitions for IBR, Model Verification, and Model Validation

Addresses registered IBRs and synchronous generators

Adds EMT modeling requirements (commissioned IBRs after effective date; TPs identify legacy assets)
GO/TO conduct model verification, model benchmarking

Validation of models with actual disturbance monitoring data from PRC-002 and PRC-028

Uniform Framework Model for IBRs

MOD-032
TOP-003
IRO-010

Project 2021-01

ERO-approved criteria for acceptable models; uniform model framework for data sharing and model
development

Developed DER definition

MOD-032: replace LSE with DP, ERO criteria for acceptable models, includes unregistered IBR and DER data
exchange, modifications to Attachment 1

TOP-003 and IRO-010: IBR-specific data and parameters, acceptable models,

System Model Validation with IBRs

MOD-033

El EVATE
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Not a lot of MOD-033 requirements changing
Enhancing guidance, technical rationale, etc., for the “how”

Incorporates data sources from PRC-002 and PRC-028 for real-time data access
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Milestone 3 Initial Ballots

Initial Ballots for NERC Milestone 3 Standards Projects

] Standard Ballot Implementation
Project Standard
Results Plan Ballot Results
Project 2020-06 MOD-026-2 32.47% (Fail) 40.22% (Fail)
Project 2021-01 MOD-033-2 57.06% (Fail) 59.43% (Fail)
MOD-032-2 39.05% (Fail)
Project 2022-02 IRO-010-6 41.62% (Fail) 39.46% (Fail)
TOP-003-8 34.70% (Fail)

Initial ballots failed (not uncommon)
Drafting teams currently working on subsequent revisions
November deadline approaching — will NERC ROP 321 process be needed?
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Model Verification and Validation Definitions

Model Verification: The process of confirming that model structure and parameter values are
representative of the equipment or facility design and settings by reviewing equipment or
facility design and settings documentation.

Model Validation: The process of comparing simulation results with measurements to assess
how closely a model’s behavior matches the measured behavior.
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NERC IRPS SAR: FAC-001 and FAC-002

SAR endorsed by NERC RSTC

Standard Authorization Request (SAR)

The Morth American Electric Reliability Corporation

. . Complete and submit this form, with attachment(s)
A rove d b N E R S a n d a S S I n e d to E IVI I ro e Ct to the NERC Help Desk. Upon enteringthe Captcha, | (NERC) welcomes suggestions to improve the
C C please typeinyour contactinformation, and attach |  reliability of the bulk power system through
the SAR to yourticket. Once submitted, you will

receive a confirmation number whichyou canuse
to track your request.

improved Reliability Standards.

“Medium Priority” project —

SAR Title: Revisions to FAC-001-4 and FAC-002-4

Date Submitted: |/ /2004

Modify FAC-001 and FAC-002 for IBR Risks v 5 e

Rajat Majumder, Invenergy (MERC IRPS Vice Chair)

Organization: | NERC Inverter-Based Resource Performance Subcommittee [IRPS)

M M M . Julia — 512-994-7917 o julia @esig. energy

Enhancements to interconnection requirements (TOs) Sl o T

SAR Type (Check y as apply)
f . . d . d 5 ‘I:lp:w St:r:daarsdman e D Imminent Action/ Confidential Iszue (SPM
Revision to Existing Standard Section 10)

I B R Con Orm Ity assessments Vla Stu Ies ( TPS an PCS) D AZ;I,S:';r;diofy);:F;:EireaanGlaorssarvTerm D Va:ar:::development or revision

I_I Withdraw,/retire an Existing Standard D Other (Please specify)
H H H M M Justification for this proposed standard development project (Check all that apply to help NERC

IBR facility commissioning requirements (GOs) et evcopmens
| Regulatory Initistion ) B NERC Standing Committee Identified
Co E:r;ergl::jg Rlsflf [:EhEblllw Issues Steering D Enhanced Periodic Review Initiated
Dmml'«:el‘ig:b}ilit: nStIal:dard Developrnent Plan E Industry Stakeholder Identified

What is the risk to the Bulk Electric System (What Bulk Electric System (BES) reliability benefit does the
proposed project provide?):

The bulk power system (BPS) in North America is undergoing a rapid transformation towards high
penetrations of inverter-based resources. This grid transformation adds significant complexity and a
changing rizk landscape that require 1BR-specific standards requirements. Recent NERC disturbance
reports such as San Fernando, Odessa | and 1I, Southwest Utah, etc.! as well as the November 2023
NERC Inverter-Based Resource (1BR) Performance Issues Report Findings from Level 2 Alert? strongly
point toward:

El EVATE

httpszy/ /e nerc.esm/pa/Stand/Project202204EMTModelingDL/2022-04%20FAC-001%20and%20-002%20SAR _121124.pdf



https://www.nerc.com/pa/Stand/Project202204EMTModelingDL/2022-04%20FAC-001%20and%20-002%20SAR_121124.pdf

NERC Project 2022-04 EMT Modeling

* Modifying NERC FAC-002, MOD-032,

and TPL-001 to include EMT modeling

and study requirements

* FAC-002 revisions underway

O
O
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EMT model requirements

Process for collecting models,
independent of studies

EMT model review process

Process for determining if EMT studies
are needed (“screening”)

é
Reliability Guideline
Electromagnetic Transient Modeling for BPS-
Connected Inverter-Based Resources—
Recommended Model Requirements and
Verification Practices

March 2023 FAC-002-

— Facility Interconnection Studies

B. Requirements and Measures

RELIABILITY | RESILIE!

Reliability Guideli

Recommended Practices for Performin
System Studies for Inverter-Based Resou

December 2024

DRAFT

RELIABILITY | RESILIENCE | SE!

R1.

Each Transmission Planner {TP) and each Planning Coordinator (PC) shall jointly study
the reliability impact of: {i) interconnecting new generation, transmission, or
electricity end-user Facilities and (i) existing interconnections of generation,
transmission, or electricity end-user Facilities seeking to make a qualified change as
defined by the Planning Coordinator under Reguirement R6. Each Transmissi
Planner and Planning Coordinator shall jointlyThe follawing shall be shudiad
Risk Factor: Medium] [Time Horizon: Lang-term Planning]

1.1. Bpecify steady-state, short-circuit, dynamics, and electromagnetic transient
EMT) modeling requirements, as applicable, for generation, transmission, and
electricity end-user Facilities
1.1.1. a documented process for collecting models, and
1.1.2. documentation needed to support model review per Reguirement R7

1.2. Establish pfocesses to determine the necessity of steady-state, short-circuit,
dynamics, and EMT studies for evaluating the reliability impact of the new
interconnection, or existing interconnection seeking to make a gualified change
as defined by the Planning Coordinator under Requirement R6.

1.1.1.3. Evaluzte the reliability impact of the new interconnecticn, or existing
intercennection seeking to make a qualified change as defined by the Planning
Coordinator under Requirement R6, on affected system(s);

1.2.1.4.  Evaluate Aadherence to applicable MERC Reliability Stand icnal

aadthe Transmission Owner glaaring criteria-and Facility interconnection
requirements for coordinated studies;

1.3.1.5. Perform Ssteady-state, short-circuit, and dynamics studies, utilizing
phasor demain and/or electromagnetic transient (EMT) simulation tools as
necessary per TP's and PC's defined processes, to evaluate system performance
under both normal and contingency conditions; and

2.4.1.6. Document Sstudy assumptions, system performance, alternatives
considered, and coordinated recommendations. While these studies may be
performed independently, the results shall be evaluated and coordinated by the
entities involved.
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Modeling-Related Alerts and Reports

Industry Recommendation
Inverter-Based Resource Model Quality Deficiencies

Initial Distribution: June 4, 2024

NERC has analyzed 10 large-scale disturbances on the bulk power system (BPS) that ir
widespread and unexpected reduction in output of inverter-based resources (IBR) since 2016. Thes
disturbances totaled nearly 15,000 MW of unexpected IBR output reduction with approximately 10,00
MW occurring between 2020 and 2024. The increase of IBR-related events coincides with an increase in’
IBR penetration across the BPS. Two contributing causes to these events are poor modeling and study
practices to assess the performance of these resources.

forming dynamic simulati of the BPS allows Transmission Planners (TP), in cooperation with
Generator Owners (GO), to mitigate reliability risks before they occur. Accurate dynamic models of
resources are critical to this analysis and to BPS reli; . Several of NERC's published disturbance
reports included analyses of the models for the affected facilities, which revealed systemic dynamic
model inaccuracies. These analyses also revealed that the models provided for conducting generator
interconnection studies or other system studies failed to accurately reflect the dynamic performance of
the plants. Accurate modeling of IBR facilities is critical in performing system studies to assess the reliable
operation of the BPS.

This alert is being distributed to all GOs of Bulk Electric System (BES)-connected IBRs as modeling
deficiencies, best practices, and recommendations are applicable across all IBR technologies. NERC
encourages owners and operators of non-BES and BPS-connected IBRs to review this alert as well.

The significantly higher complexity and software-based nature of IBR modeling when compared to

synchronous machine d an i in the fund | principles of dynamic
maodeling to accurately capture the performance 0\' IBR plants. This alert is also being distributed to TPs
and Planning Coordinators (PC) to provide rec i that can be imph | to t

current modeling practices. TPs and PCs are required to answer a set of questions in the alert system;
however, only GOs of IBRs will need to complete the Data Submission Worksheet.

This alert will gather dynamic modeling information from BES-connected IBR GOs, TPs, and PCs to
understand the extent of condition of dynamic medeling for IBR, which will inform what additional
actions are necessary to mitigate observed deficiencies. These GOs are strongly 1to o i
with their inverter- and plant-level controller manufacturers and third-party consultants to review the
parameters and controls installed in the field, review and mitigate modeling deficiencies, and implement
the recommendations described in this alert. The information gathered throughout this alert should also
be shared and reviewed with the associated GOPs as applicable.

Aggregated Report on NERC Level 2

Recommendation to Industry:
Findings from Inverter-Based Resource Model Quality Deficiel
April 1, 2025

Overview “
NERC issued a Level 2 Recommendation to Industry for Inverter-Based Resource Model Quality Deficiencies

in June 2024, specifically requesting responses from Generator Owners (GO}, Transmission Planners (TP},

and Planning Coordinators (PC). The alert was posted publicly on the NERC website and required GOs who

awn bulk power system (BPS)-connected inverter-based resources (IBR) to provide a Data Submission

ksh ). The alert had an initial I bmission deadline of
2, 2024, and duetoa Iaw p rate, NERC led the deadline to 1, 2024. This resulted
in NERC receiving sufficient responses to perform an analysis.

Based on the findings from this alert and the previous alert on IBR performance, a Level 3 alert with Essential
Actions is needed to address the deficiencies identified in this Level 2 Alert.

Summary

NERC analyzed 10 large-scale disturbances an the BPS that involved the widespread and unexpected
reduction in output of IBRs since 2016. These 10 disturbances totaled nearly 15,000 MW of unexpected
IBR-output reduction, with approximately 10,000 MW of reduction occurring from disturbances between
2020 and 2024. The increase of IBR-related events coincides with an increase in IBR penetration across the
BPS. Contributing causes to these events are poor modeling and poor study practices to assess the
performance of these resources.

Perfarming dynamic simulations of the BPS bles TPs, in coap ion with GOs, to mitigate reliability risks
before they occur. Accurate dynamic models of resources are critical to this analysis and to BPS reliability.
Several of NERC's published disturbance reports included analyses of the models for the affected facilities,
which revealed systemic dynamic model inaccuracies. These analyses also revealed that the models
provided for conducting generator interconnection studies, or other system studies, failed to accurately
reflect the dynamic performance of the plants. Accurate modeling of 1BR facilities is eritical in performing
system studies to assess the reliable operation of the BPS.

The Inverter-Based Resource Model Quality Deficiencies Alert was distributed to all registered GOs of IBRs
as modeling deficiencies, best practices, and recommendations are applicable across all IBR technalogies.
NERC encourages owners and operators of non-BES and BPS-connected IBR to also review the alert.

The significantly higher complexity and software-based nature of 1BR mnneling when compared to

synchronous machine ing, necessi an i in the | principles of dynamic
madeling to accurately capture the performance of IBR plants. This alert was also distributed to TPs and

RELIABILITY | RESILIENCE | SECURITY
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Essential Actions to Industry

Inverter-Based Resource Performance and Modeling
Initial Distribution: May 20, 2025

NERC is issuing this Level 3 Alert: Essential Actions for inverter-Based Resource (IBR)® Perfay
Modeling to Transmission Owners (TO), Transmission Planners [TP), Planning Coordinators
currently registered Generator Owners (GO) to enhance technical minimum requirements and s
processes to mitigate risks posed by IBR performance during system disturbances.

Since 2016, NERC has analyzed numerous major events totaling more than 15,000 MW of unexpected
generation reduction. These major events were not predicted through current planning processes.
Furthermore, NERC studies were not able to replicate the system and resource behavior that occurred
during the events, indicating systemic deficiencies in industry’s ability to accurately represent the
performance of IBRs and study the effects of IBR on the bulk power system (BPS).

In response to these disturbances, NERC has issued 10 major event reports and four Level 2 Alerts. The
Level 2 Alert: IBR Performance Issues® findings report contains the following critical findings:

{i} The voluntary recommendations set forth in NERC guidelines and other publications are
not being implemented by GOs.

(i) Many GOs indicated that they did not have the requested facility data readily available.

a. The information requested in the worksheet is fundamental equipment information
that NERC expects would be retained and easily accessible with some assistance from
equipment manufacturers, if necessary.

Assessmem oflhe data received and feedback from entities during the Level 2 Alert: IBR Model Quality

% provided it evidence of the critical findings above. NERC issued its second-ever
deadline extension for this alert due to numerous questions and comments received that indicated the
requested data was still not readily available, resulting in another extremely low data submission
worksheet submittal rate.

The information provided in response to this alert will also be of use to the potential Standards Drafting
Team (SDT) working on the Reliability Standard FAC-001 and FAC-002 Standard Authorization Request
sent by the Reliability and Security Technical Committee (RSTC) to the Standards Committee (SC). NERC
anticipates that the data obtained will support effective and efficient review of the modeling issues by
any SDT.

* Inverter-Based Resource (1BR): & plant;faciity consisting of indhicual devices that are capable of exporting Real Power through powes
electranic nterface(s),such a5 an inveter or converter, and that are operated together 25 2:ingie resourme at 2 common pairt of

Interconnection to the electric system. Examples incude, but o, PV}, Type 3 and Type
4 wind, n:ncwcwmrasewsbem [BE5S], and fuel cell dewices.
* bty RSTC Relability NERC imverter-Based Rescurce Performance Issues Public Repart 2023.pof
bty rarr IMERCHIOAI D2%30

Based%I0Resource’ 20Model RI00ual iy I0Def iencies. pof
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Level 2 Alert on IBR Model Quality
Deficiencies (June 2024)
here

EVATE
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Report on Level 2 Alert on IBR Model
Quality Deficiencies (April 2025)
here

Level 3 Alert on IBR Performance and
Modeling (May 2025)
here
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https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/NERC%20Alert%20Level%202%20-%20Inverter-Based%20Resource%20Model%20Quality%20Deficiencies.pdf
https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/Inverter-Based_Resource_Modeling_Deficiencies_Aggregated_Report.pdf
https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/Level%203%20Alert%20Essential%20Actions%20IBR%20Performance%20and%20Modeling.pdf

Level 2 Alert Recommendations

Models should be accurate, detailed, and represent or expected or as-built facilities.

Industry-approved standard library positive sequence models are sufficient for use in
Interconnection-wide base case creation.

Equipment-specific, user-defined models should be used for detailed reliability studies (e.g.,
interconnection studies, local reliability studies); should be accepted by TP or PC if usability
requirements are met.

TPs and PCs should stablish clear, consistent, detailed, and comprehensive modeling requirements
aligned with NERC recommendations and FERC GIP; include model quality check.

TPs and PCs should require standard library model, equi ment-sEecific UDM, electromagnetic
transient (EMT) model, and supporting documentation from each generator.

GOs should coordinate with inverter and PPC manufacturers, TPs, and PCs to meet model
requirements; provide proof of conformance with requirements.

GOs should maintain an accurate and representative model throughout the lifecycle of the project.
An updated set of dynamic models should be included in the next TP and PC annual model updates.
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NERC Report on Model Deficiencies (April 2025)

B LVRT Settings at Max Capability # of Facilities %
Down Droop Gain (DDN) Yos 351 30% . ves
GO Field GO Model GO Model = T -
Data & e e Total 1,171 100%
T Manual Entry Manual Entry Dynamic Model File
GO Model
Manual Entry Overvoltage Settings at Max Capability | # of Facilities| %
Yes 351 30% = Yes
GO Model No 820 70% = No
Dynamic Model File Total 1,171 100%
Interconnection-Wide Model
Dynamic Model File

Undervoltage Settings at Max Capability | # of Facilities %
c - Al
Low Voltage Ride-through Enter (Vdip) ves 336 4% N
No 775 66% = No
Data Source GO Field GO Model GO Model Total e
Manual Entry Manual Entry Dynamic Model File
GO Model
Manual Enu'y HFRT Settings at Max Capability it of Facilities % Vas
Yes 409 35% -
GO Model No 762 65% *No
Total %
Dynamic Model File ot L e
Interconnection-Wide Model
Dynamic Model File
LFRT Settings at Max Capability # of Facilities %

ues

= Mo

m Source: NERC Report ves 402 3%
Mo 769 66%
Total 1,171 100%
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https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/Inverter-Based_Resource_Modeling_Deficiencies_Aggregated_Report.pdf

Level 2 Alert Key Findings from NERC

GOs indicated that requested data was not readily available

NERC expressed concerns with “lack of knowledge” of IBR plant setup and operating
characteristics and “failure to improve data acquisition and management processes”

Systemic deficiencies indicate insufficient interconnection requirements are insufficient
Protection settings not maximized to inverter capability

Limitations of reactive power capability

Inconsistent data across sources — as-left settings, reported data, submitted models,
interconnection-wide base cases
Recommendations

TPs and PCs should enhance model requirements and quality check processes to mitigate deficiencies
Level 3 Alert on IBR performance and modeling
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Level 3 Alert on IBR Performance and Modeling

* Reporting required by August 18, 2025

Essential Actions to Industry

Inverter-Based Resource Performance and Modeling
Initial Distribution: May 20, 2025

. .
° *
I I NERC is issuing this Level 3 Alert: Essential Actions for inverter-Based Resource (IBR)* Perfa,

Modeling to Transmission Owners (TO), Transmission Planners (TP), Planning Coordinators{£C), an
ccccc tly registered Generator Owners (GO) to enhance technical minimum requirements and s _d\r
processes to mitigate risks posed by IBR performance during system disturbances. b

O TO S T P S a n d P C S ° Since 2016, NERC has ana lyzed numerous ma jor eve: nts totaling more than 15,000 MW of unexpected

’ ’ ° generation reduction. These major events were not predicted through current planning processes.
Furthermore, NERC studies were not able to replicate the system and resource behavior that occurred
during the events, indicating systemic deficiencies in industry’s ability to accurately represent the

= Enhance criteria and policies with additional technical details and P o e sl s = f ke 5

In response to these disturbances, NERC has issued 10 major event reports and four Level 2 Alerts. The
Level 2 Alert: IBR Performance Issues® findings report contains the following critical findings:

T o) . .
I B R_S p e C Ifl C p e rfo r m a n C e C r I te r I a {i} The voluntary recommendations set forth in NERC guidelines and other publications are
not being implemented by GOs.
(i) Many GOs indicated that they did not have the requested facility data readily available.

= Enhance modeling and study practices; include model quality S

that NERC expects would be retained and easily accessible with some assistance from
equipment manufacturers, if necessary.

ofo .
Ve r I I C a t I O n S Assessme nt of the data received and feedback from entities during the Level 2 Alert: IBR Model Quality

ies* provided it evidence of the critical findings abowe. NERC issued its second-ever

deadline extension for this alert due to numerous guestions and comments received that indicated the

= Perform detailed review of currently operating IBRs to I 0 0 % S S st b
understand performance and model accuracy issues D i i oy e o s ] bt b

0 GQOs:

= Ensure models used for design are submitted to TPs and PCs; : T e
accurate and high-fidelity ) iy RN | SOOI

Level 3 Alert on IBR Performance and
Modeling (May 2025)

EVATE * See Alert for more details regarding each Essential Action 69
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https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/Level%203%20Alert%20Essential%20Actions%20IBR%20Performance%20and%20Modeling.pdf

IEEE 2800-2022 and IEEE P2800.2

IEEE SA

STANDARDS
ASSOCIATION
I

|IEEE Standard for Interconnection and
Interoperability of Inverter-Based
Resources (IBRs) Interconnecting with
Associated Transmission Electric
Power Systems

IEEE Power and Energy Society

Developed by the
Energy Development & Power Generation Committee, Electric Machinery
Committe, and Power System Relaying & Control Committee

IEEE Std 2800™-2022

¢IEEE

The Wha
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ISTANDARDS

™

u.

P
30

P2800.2™/D3.0

Draft Recommended Practice for Test
and Verification Procedures for
Inverter-Based Resources
Interconnecting with Bulk Power
Systems

Developed by the
Energy Development and Power Ganeration

af the

IEEE Power and Energy Socisty

Approved <Date Aporovads

IEEE £A Standards Board

Stasdard. As such
wesits SHALL NOT BE REMOY

s an usappmoved

LEEE Standards Depst
IEEE &

The How

PRR151: Procedure Document (EC Final Approval 2/9/24)

NYSRC Procedure for Application of IEEE 2800-2022 Standard for Large IBR
Generating Facilities for the New York Control Area

Al normative mandatory requirements” specified in IEEE 2800-202 (the Standard) shall be mandatory for
NS0’ New York Control Area with the

‘exceptions, madifications, ciarifications, and additiona! requirements as specified i this document

Allother taicized i IEEE 2800 and these.

defiritions shall apply.

IEEE 2800-2022 Requirements as amended by NYSRC

Cuause 1-Overview — — - |8
1. Clause 14~ General Remarks and Limit
Application of the Standard is specified by New| P [

ISO's Interconnection Studies for Large (>20
Plants compiiant with the IEEE 2800-2022 Stan¢
assaciated [BR models and data. 150 NEW ENGLAND PLANNING PROCEDURE NO. 5-6

‘CLAUSE 2~ NORMATIVE REFERENCES |
Adopted infull

INTERCONNECTION PLANNING PROCEDURE FOR

CLAUSE 3 ~DEFNITIONS, ACRONYMS, AND Annim‘l
Auloptagig full EFFECTIVE DATE: February 2, 2024

‘CLAUSE 4 - GENERAL INTERCONNECTION TECHNICAL P REFERENCES
1. Clause 4.2 - Reference Point of Applicability

gland Transmissian, Markets and Services Tanff
of requirements specified in Clauses 72.23.43) « Section!.3.9 Reviewof Market Participant'sProposedPlans
Point of Connection [POC), or 3t the Point of M§ « (Schedules22, 23 and 25 of the Open Access TransmissionTariff)

NVISO, interconnection Transmission Owner sn|

150 New England Planning Procedures
. i 3(p3): New England AreaPool
Transmission Facilities

Participant’s or
Transrmission Owner's Propased Plans

Evaluating
Application Analyses.
- i Bus
" 166E stanctars use “shal” 3 the operative verd for mandall Guidelines
using the verh “showlr o gukdehoes using the vert “may” W . 10 (PP10) Forward Capacity
NVSRE Glossary defntions. Marier

150 New England Operating Procedures
OperatingPracedure No. 12 - Voltage and Reactive Control
Operating Proce dure No. 14 - Technical Requirementsfor Gene rators, Demand
Respanse Resources, Asset Related Demands and Altemative Technology Regulation
1 Resources

. No.19-

. No. 24 - Protection Dut; ttingsand Caordination

IS0 New England Transmission Planning Technical Guide

North )
o TLoo,
* FAC00L, FacilityInterconnection Requirements.
« FAC-002, FadiltyInterconnectionStudies

« MDD-026, Data i antrol System or

Plant Volt/var Control Functions.

1s0-MEPuDIC

Implementation
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How This Impacts Industry

Drivers and Activities
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Clear and Effective Requirements

IEEE 2800-2022 Requirements
Requirements for PSS/Models
Requirements for PSCAD Models

IBR Facility Study Considerations
Procedures for Material Modifications
Etc.

Goal: Clear expectations for
interconnection customers!
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150 New England Planning Procedure PPS-6: Interconnection Planning Procedurs for Generationand ETUS

Appendix B - Requirements of PS5/E Models

Al power flow and dynamic models must be made available for use in the version of PSS/E that is in use
by 150 New England and rust accurately model all of the relevant control modes and characteristics of
the equipment, sich as:

# Al available voltage reactive power control modes

« Frequency,fgovernar response control modes (which may be provided by a park controller)

#  Low voltage ride through characteristics, if applicable

«  Low freguency ride-through characteristics, if applicable

«  Park controller or group supensisory functionality e_g. for a wind farm)

+* Appropriate aggregate modeling capability (2_g. for a wind farm)

« Chargingor pumging mode, if applicable (e.g., for a batteryenergy torage device or pumped

storage hydro Generating Facility)

Standard Dynarics Models

For all Interconnection Studies all models must be standard library models in PSS/E or applicable
applications. Where applicable, the most up-to-date revigion of the models must be used. User-written
models will not be accepted.

User-Written Dynamics Model

A user written model i any model that is not a standard Siemans PSS/E library model. For all
Interconnection Studies cammencing before lanuary 1, 2017, when no compatible PSS/E standard
dynamics model(s] can be used to represent the dynamics of a device, accurate and appropriate user
written models can be used, if accepted by 150 New England after testing.

User-written madels for the dynamic equipment and associated data can be in either dynamic model
source code [.lib)ar dynamic model object code (.obj) or dynamic linked library (@)
#  User-written spurce code, object code, and parameters shall be updated for the iatest PSS/E
version in use and specified by 150 New England:

a. Dynamics models related to individual units shail be editable in the PSS/E graphic ussr
interface. All model parameters{CONS, IDONS, and VARS) shall be acressible and shall
matchthe description in the model's accompanying documentation. Certain CONEC or
CONET miodels may be arceptabhe.

b. Dynamics models shall have all their data repartable in the “DOCU" listing of dynamics
model data, including the range of CONS, ICONS, and VARS numbers. Models that apply
to multiple elements (e_g., parkcontrallers) shall also be fully formatted and reportable
in DOCU.

c. Dynamics models shall be capable of correctiyinitializing and run through the simulation
throughout the range of expect ed steady state starting conditions without additional
manual adjustrents.

d. Dynamics models shall be capable of allowing its accompanying element or elements to
be switched out-of-service (including when the bus is disconnected) in the steady-state
network without additional steps and without errors. Documentation of any special
requirements for this condition shall be clear lydefined in the model documentation.

e. Dynamics models shall be capable of allowing all documented (in the model
documentation) modes of operation without error.

IS0-NE Public 26

ISO NEW ENGLAND PLANNING PROCEDURE NO. 5-6
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https://www.iso-ne.com/static-assets/documents/rules_proceds/isone_plan/pp05_6/pp5_6.pdf

Steps to Ensure Accurate and Quality Models

Steps for GOs to follow to ensure they meet NERC requirements and recommendations

-

Start with the
as-left settings
— attestations
from OEMs,
actual field
parameters
extracted from
HMI, pulled
relay records,
etc.

Gather and
identify the
latest “active”
models across
platforms (e.g.,
PSSE UDM,
PSSE standard
library, PSCAD,
TSAT).

Perform model
verification to
verify that the
model matches
the as-left
configuration,
protection,

and control
settings.

Verify that
models match
across
platforms
structurally,
control modes,
settings,
parameters,
etc.

Perform
rigorous model
quality tests
and model
benchmarking
across all
applicable
models.

Tune the IBR
plant models if
deficiencies
are identified;
iterate until
accuracy
matches are
obtained.

©

Follow TP and
PC processes
for sharing
models and/or
making site
modifications,
if needed.
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As-Lefts: Inconsistencies in Data

e |nconsistencies between data source:

Inverter documentation, as-left settings, specification sheets, narratives, etc.
OEM-supplied information

Relay .rdb files
Dynamic models (PSS®E, PSCAD™, TSAT™) discrepancies or omissions

Version control issues

e [nabilities to easily extract useful information from IBR units

Room for human error
Need machine readable files/forms, computer vision to identify inconsistencies

Standardized framework encouraged

e Errors exist in protection settings, imagine errors in inverter settings

é]_a/»k

EVATE

EEEEEEEEE

SSSSSSS

SCHWEITZER

S E L | encineering

LABORATORIES

PSS®E

PSCAD
DSATools

Dynamic Security Assessment Software
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Common Deficiencies and Modelling Issues

Flat run issues across SCRs — unstable from the beginning

Incorrect ride-through mode set

Models do not include the same controls as the hardware

Frequency response or voltage control parameters do not match as-lefts
Model trips during expected ride-through events

Inappropriate dynamic response during tests — poor response, unstable, etc.
Many models with unclear labeling — uncertainty in what is “active model”
Lack of documentation

a' P
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Inverter

4

IBR Resource

! *Encrypted password protected !
! standardized file which includes !
' framework for all IBR !
! parameters, data can flow two

! ways and remains on the cloud

! for entities (GOs 1SO, OEMs, !
! consultants...) to access. (Not all

O E M d uto- data is accessible to all entities) !

IBR file*

The various IBR plant
models need to reflect .
and represent the as-left translator

IBR plant components

} **OEM auto-translator will

: utilize the .IBR file and auto-

! translate and create the

! necessary files (.dyr, .txt, etc.)

! that will be read in by the !
! appropriate simulation software
! (PSCAD, PSSE, TSAT). !

\ pscap | rssoe | [DSAToo0lS
Eﬁ;,"A’L ‘ ynamic Security Assessment Softwar

NNNNNNNNNNNNNNNN Elevate-GridStrong Automated Model Quality Assessment Tool




Types of MQT

Checklist

e
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Model Quality Test

Performance
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Model Quality Automation

m IS0  newengland ‘l

PSS®E

—— ercot%
DSATOO’S “9 ieso =MISO

Perform MQT tests

Run all tests via web interface on vitrual computers.
One click, minimize, and wait.

Model Package Choose a Region

LVRT Lag \
300

—— P at POI [MW]PSCAD
—— P at POI [MW]PSSE
—— Qaat POI [MVARIPSCAD
—— Q at POI [MVARIPSSE
V at PO [pulPSCAD
~—— V at POL [pulPSSE
~—— freq at POI[pUIPSCAD
freq at POI[pu]PSSE

Benchmark results
Overlay responses from each simulation model

(PSSE, PSCAD, TSAT) with auto-conformance checks.

P atpPOL [MW]

Time [sec]

Compare simulations
Check pre- vs. post-modification results.

Q at POI [MVAR]

v
SN

Compile MQT report

Capture findings from every test.

V atPoI [pu]
o

-
3

Secure

Virtual Computer Lab

Report

4 N

Windy Project

Et’EVATE

| Interactive plots with
m analytics built in
| EVATE

ENERGY CONSULTING

\ 4

,,,,,,,,,

ELEVATE
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Model Versus As-Left Equipment

* After performing the MQT Tests and system studies

* As-left settings should REFLECT the model parameters that were
tuned to ensure stability

Otherwise, what is the point? Avoid this: As-Lefts in the Field

Model Parameters in Simulation

e

NNNNNNNNNNNNNNNN
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ncluding Remarks
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EVATE

NNNNNNNNNNNNNNNN



What's Next?

IBR model requirements at ISO and NERC level evolving
IBR model quality review processes also evolving

Changes to IBR plant (controls, protections, settings, etc.) require model
updates; have downstream NERC standards impacts as well (PRC, MOD, etc.)

Model benchmarking requirements across models

Careful IBR model development, verification, and validation

Automation to expedite and reduce areas for error

High trust and confidence in modelers — expertise across platforms matters

a' P
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NERC References

Level 2 Alert on IBR Model Quality Deficiencies (June 2024) — here

Report on Level 2 Alert on IBR Model Quality Deficiencies (April 2025) — here
Level 3 Alert on IBR Performance and Modeling (May 2025) — here

NERC Standards Under Development — here

FERC Order 901 Summary Graphic of Milestone 3 (as of July 2025) — here
FERC Order 901 Summary Information of Milestone 3 (as of July 2025) — here
Project 2020-06 Verification of Models and Data for Generators — here
Project 2021-01 System Model Validation with IBRs — here

Project 2022-02 Uniform Modeling Framework for IBR — here

Project 2022-04 EMT Modeling — here
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https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/NERC%20Alert%20Level%202%20-%20Inverter-Based%20Resource%20Model%20Quality%20Deficiencies.pdf
https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/Inverter-Based_Resource_Modeling_Deficiencies_Aggregated_Report.pdf
https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/Level%203%20Alert%20Essential%20Actions%20IBR%20Performance%20and%20Modeling.pdf
https://www.nerc.com/pa/Stand/Pages/Standards-Under-Development.aspx
https://www.nerc.com/pa/Stand/Documents/FERC%20Order%20901%20Milestone%203%20Projects.pdf
https://www.nerc.com/pa/Stand/Documents/FERC%20Order%20No.%20901%20Summary%20of%20Milestone%203_Standards%20Development%20Update.pdf
https://www.nerc.com/pa/Stand/Pages/Project-2020_06-Verifications-of-Models-and-Data-for-Generators.aspx
https://www.nerc.com/pa/Stand/Pages/Project_2021-01_Modifications_to_MOD-025_and_PRC-019.aspx
https://www.nerc.com/pa/Stand/Pages/Project2022-02ModificationstoTPL-001-5-1andMOD-032-1.aspx
https://www.nerc.com/pa/Stand/Pages/Project2022-04EMTModeling.aspx

EVAIE
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Ryan D. Quint, PhD, PE
President and CEO
Elevate Energy Consulting
ryan.quint@elevate.energy
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Electronic Modeling Lessons
Learned & Challenges for

Inverter-Based Resources

Todd Chwialkowski

Director, Transmission Regulatory & Compliance
EDF power solutions North America

NPCC Reliability Forum | August 7, 2025




Agenda

* Introduction to EDF power solutions North
America

» Generator Requirements
* Improving Accuracy and Reliability
* Lessons Learned
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EDF power solutions
23 GW

developed

EDF power solutions North America specializes in low-carbon power 16 GW
generation, storage, and energy management solutions that create
value—from origination to operation—to help customers reduce

long-term energy costs, increase resiliency, and achieve sustainability

goals. 43 GW

pipeline

service contracts

As owner-operators of one of the largest clean energy portfolios on the
continent, and with deep experience developing and operating low- 1600
carbon energy assets, we bring a full-suite of solutions for grid-scale, | !
distribution-scale, asset optimization, and onsite power production.

employees

Our outstanding capabilities allow us to utilize our in-house experts,
providing maximal efficiency and end-to-end oversight of any size of
energy project.

Est. 1987

U.S., Canada,

and Mexico
as of 12/31/24

]
ces | EDF power solutions ‘;;'EDF
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EDF power solutions in the Northeast

EDF power solutions’ Grid-Scale and Distribution-
Scale Generation Covers North America
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IBR Model Technical Overview: Types of Models

In general, IBRs are required to submit two types of models to ISOs and TPs:
Positive Sequence Model and Electromagnetic Transient Model

Positive Sequence (RMS) Model Electromagnetic Transient Model (EMT)

Used for large system planning studies, e.g. FIS
study, System Operating Limit (SOL) study, etc.

More smaller area/site/equipment level studies,
e.g. TOV study, SSR study, control interaction study

&e| PSSE 25 PSLF | TSAT I4 PSCAD

» Steady State power ||+ Steady State power flow | | * Plant model (steady state “power flow” model)
flow model .raw model .raw

* Dynamic model * Dynamic model .dyr
dyr

* Detailed device controller model

« Models all frequencies and all three phases

* Short circuit model .seq

* Short circuit model
.seq

* On-line Dynamic
Security Assessment
(On-line DSA)

Plant models may include OEM generator model, PPC model, Shunt Reactors & Capacitors, Transformer(s) (OLTC), etc.

N

-
88 Electronic Modeling Lessons Learned & Challenges for Inverter-Based Resources | Graphic credit: EPE Presentation: “IBR Modeling 101 Workshop” w% €DF
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Requirements for Inverter Based Resources (IBRs)

¢ “It is the responsibility of each

project developer and GO to meet

Prior to FERC Order Post NERC

901, NERC Milestone 3: Milestone 3: the modeling requirements
FAC-002 / MOD-026 / MOD-026-2 / MOD-032-2:

established by the TP and PC and to
provide adequate proof of
MOD-027 / MOD-032: Positive Sequence Library conformance to the requirements. It
is the responsibility of each GO to

maintain an accurate model
and User-Deflﬂed MOde|S EMT MOde|S ++ + (FAC' throughout the Iifecycle Of the

002-5: Project 2023-5) project. GOs shall notify the TP and
PC of any expected changes or

updates (per NERC FAC-002) for in-

WHY IS THIS IMPORTANT? EMT models will provide service equipment and submit
better quality and accuracy—but are not always available! updated models accordingly.”

Positive Sequence Library and User-Defined Models,

‘
~ S €DF
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Requirements for IBRs: NERC & ISOs

NERC & EROs PSSE Generic mm PSCAD TSAT MQT

=
=

NERC (MOD-026-2 / o, — Smated
MOD-032-2) v v X v X v e
Regions PSSE Generic PSSE UDM PSLF PSCAD TSAT MQT ,E 108
NYISO v X X v X same as ISO-NE, PJM 5 .
ISO-NE v X X v v Tests as per PP5-6 § n: EEEERENSAERSERSAER It _
CAISO X X v (library models only) v X X Tie {Saconch) o
ERCOT v v X v v v
PJM v X X ? X Flat Start and Bump Test
MISO v X v v Flat Start and Bump Test
SPP v v v v Flat Start and Bump Test
Puerto Rico v v v X
Hawaii HECO v v y v y PSSE PSCAD.SlmuIatlon
testing
TVA v X X v j
IESO \/ X \/ 53{;.0 1 1 m 1 “;:,:l 1 1;3 1 3:,'0 E;:I
Hydro Quebec v v X EMTP RV X Time (Seconds)
AESO v X * Optional as of now X
Other Entities
WECC X X v (library models only) v X X
WHY IS THIS IMPORTANT? NERC has high-level requirements; ISOs develop
actual requirements for interconnection through generation & USE the models.
q
. . . L S
90 Electronic Modeling Lessons Learned & Challenges for Inverter-Based Resources | EDF power solutions 9N €DF
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IBR Plant Model Overview: Components of
the Plant Model

IBRs are required to submit plant models: Tuned IBR Unit Model, Tuned PPC Model, & BOP Model

OEM Provided
(34 Party Engineering)

J {

Generator Owner Provided
(34 Party Engineering)

Kl'uned IBR Unit Model\

/
IBR Unit Model: model of

the specific inverter /
turbine (normally OEM
provided)

\

/ Tuned PPC Model \
4 )

PPC Unit Model: Model of
the PPC representing the
control design

)

/Protection / Control
Settings: tuned
specifically for the plant
(updated during project

&stages)

\

NG J

/PPC Parameters: tuned h
specifically for the
operation of the plant
(updated during project

)

91
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Modeling Requirements for IBRs

ACCOMPLISHING THE TASK
Smaller GOs: OEMs, 3"-party engineering

Mid-sized GOs: Some in-house tasks,
verification and validation, + OEMs, 3"-party
engineering

Large GOs: In-house management, 3"-party
engineering

WHY DOES THIS MATTER? Balancing cost, time, and

resources = success with accurate and quality models!

CHALLENGES

Integration of diverse models to
develop a plant model; lack of tools and
resources [= cost]; time

Modeling new technologies and
characteristics; lack of expertise

Verification and validation: data
availability and quality

Standardization of modeling practices

‘
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Reliability & Reality:
Opportunities

Current IBRs (Legacy Generation Plants):

>

P & Q capability
Frequency and voltage ride-through capabillity

Improved data monitoring and reporting (e.g. ERCOT
NOGRR-245, NERC PRC-028-1)

Basic modeling

IBRs in Development (Future Generation Plants):

Grid support services

P & [increased] Q capability

Faster response to events

Enhanced frequency and voltage ride-through capability
Continued response over longer periods of time before
tripping

Grid-forming vs. grid-following

Increased accuracy with modeling

To date, NERC and ERCOT have
proposed retroactive implementation
(applies to both current generation and
future projects).

ISOs / RTOs are utilizing various
strategies in their implementation of
the IEEE2800-2022 requirements.

\J
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p NORTHEAST POWER COORDINATING COUNCIL, INC.

Reliability Forum Survey

« Scan the QR or use link to join

o Survey link will be provided in the
Q&A section of Microsoft Teams

PUBLIC


https://forms.office.com/r/rJxWEPwNXM

N
p NORTHEAST POWER COORDINATING COUNCIL, INC.

NPCC Long Term Strategy

To assure effective and efficient reduction of risks to the reliability and security of the grid

2025 Outreach Activities

- Reliability Forums - March, May, Aug., Oct.
 Various Reliability Topics
 Electric Vehicles Ener%;y Storage, Large

Loads, FERC Order 90T- Data and Model
Validation

- State and Provincial Outreach Topics

 NERC and NPCC Seasonal Reliability
Assessments

« State of Reliability

* Interregional Transfer Capability Stud
(ITCS)g g J J

« FERC Order 901 (September 2025)

- Regional Webinars/Workshops
 Physical and Cyber Security
« Extreme Weather Preparedness

« 2024 NPCC Northeast Gas-Electric Study

NERC Regions Map

NPCC Reliability Forum

PUBLIC August 7, 2025
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https://www.nerc.com/AboutNERC/keyplayers/PublishingImages/Regions%20Map.jpg

N
p NORTHEAST POWER COORDINATING COUNCIL, INC.

NPCC Long Term Strategy

To assure effective and efficient reduction of risks to the reliability and security of the grid

Comments/Suggestions

Contact Us

NPCC Reliability Forums

NPCC Guidance Document

NPCC Reliability Forum

August 7, 2025 v

PUBLIC


https://www.npcc.org/contact
https://cdn.prod.website-files.com/67229043316834b1a60feba3/67229043316834b1a610038a_rsc-approved-der-ver-guidance-document-version-3.pdf
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