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Webinar Logistics
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Recording How to Participate
This webinar is being recorded Use the “Raise Hand” feature
and will be posted publicly. to ask questions
By participating, you consent to Feel free to use the chat for
your name, voice, and image comments or clarifying
being part of the recording. guestions
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Audio Etiquette

Participants are muted.

If you ask a question, please
mute yourself when not
speaking.
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Materials & Follow-Up

Slides and materials will be
shared after the meeting and
available on the webpage.
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Who is WIRAB? | - S

¥ BG ¢

* Statutory Authority: Established in 2005, .
as an independent body with statutory
authority under Section 215(j) of the B N
Federal Power Act to Advise FERC, NERC, OR
and WECC on reliability matters in the D
Western Interconnection. L NE

* Membership: All state and provinces with « , T co

load served in the Western Interconnection

* Funding: Assessments approved by FERCto w
load serving entities under Section 215 of 1P
the Federal Power Act.
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WIRAB's 2023 Strategic Initiative

Transmission
Planning (WestTEC)

Initiative 1: Advise WECC to
work collaboratively with
the Western Power Pool
and Western stakeholders
to develop an investment-
grade transmission plan
that effectively improves
reliability in the Western
Interconnection.

Inverter-based
Resource Risk

Initiative 2: Advise WECC to
work collaboratively with
Western regulators and
stakeholders to address and
proactively mitigate risks
associated with the
uncoordinated
interconnection of inverter-
based resources in the
Western Interconnection.

W

Inter-regional
Transfer Capability

Initiative 3: Advise WECC
regarding a process for
ongoing assessments and
prudent upgrades for inter-
regional transfer capabilities
in the Western
Interconnection to ensure
reliable power flow when
the system is stressed.

Western interconnection

Regional Advisory Body
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Extreme Weather
Event Analysis

Initiative 4: Advise WECC to
conduct a systematic review
of recent extreme weather
events that have tested the
grid, focusing on the
challenges of maintaining
grid reliability during
increased demand,
unexpected outages, system
stress, and near-miss
incidents in the Western
Interconnection.

Grid Enhancing
Technologies for
Reliability

Initiative 5: Advise WECC to
assess the reliability
implications of innovative
grid solutions used to
maximize the potential of
the existing transmission
system as utilities
modernize the grid in the
Western Interconnection.
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* Developed by Elevate Energy Consulting

* Report and Recommendations Endorsed by
WIRAB in 2024.

« WIRAB to collaborate with WECC and other
key stakeholders to prioritize and Bmesement
implement the recommendations outlined
in this report. e

* Key Recommendation: Create a standardized i DO
template for FIR enhancements, ideally Fa
implementing IEEE 2800 standard.



https://www.westernenergyboard.org/wp-content/uploads/Technical_Report-WIRAB_IBR_Risk_Assessment_10-02-2024.pdf
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o

e Laura Rennick, Executive Director, Western
Interstate Energy Board

Technical : :
Presentation { Ryan Quint, Elevate Energy Consulting
/"

Opening Remarks

e Stephen Longmuir, Idaho Power
e LeeAnn Torkelson, Salt River Project
e Biju Gopi, California ISO

_
Q&A { e Moderated by Eric Baran
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Laura Rennick

Executive Director,

Western Interconnection
Regional Advisory Body

Western Interstate Energy Board
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Technical Presentation

Ryan Quint

Western Interconnection
Regional Advisory Body

Elevate Energy Consulting
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Enhancing IBR Requirements

Template Facility Interconnection Requirements for IBRs

Ryan D. Quint, PhD, PE, President and CEO, Elevate

December 17, 2025



Risk Assessment Recommendations

* Harmonize requirements for IBRs across the West

o Leverage |IEEE 2800-2022 and latest implementation learnings

o Enhance Facility Interconnection Requirements for IBRs

o Produce a standardized template for requirements enhancements
* Lead proactive, stakeholder-engaged risk mitigation efforts

o Conduct regional training, education, and engagement
o Support smaller entities, allow utility/system-specific flexibility

o Focus on both observed risks and future challenges

* Consider developing related requirements for large loads

ENERGY CONSULTING

Western Interconnection
Regional Aduisory Body

Inverter-Based Resource Risk
Assessment

Elevate Energy Consulting Services, LLC

Spokane, WA, U pT
E: infoelevate. enargy EI EV TE
W www elevate energy | A

2024 IBR Risk Assessment Report
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Industry Advisory Group Initiative

* Forum to educate stakeholder about IEEE 2800-2022, support

Il
=
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Western Interconnection
Regional Aduisory Body

broader adoption of the standard

* Sharing experience and lessons learned among transmission
entities

* Fostering harmonization of interconnection requirements
across the West

* Supporting smaller entities or entities maybe further behind

* Publishing “template” Facility Interconnection Requirements
(FIRs) appendix for entities to adopt and adapt, as needed

Template Facility Interconnection Requirements for Adopting
IEEE 2800-2022 for Inverter-Based Resources Connecting to
the Bulk Power System

Version 1.0

lished: December 2025

Recommendation: Review the template, consider integrating
with existing IBR requirements, and harmonize!

APy

ETVE VATE
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Learn more here!
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https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements/harmonizing-ibr-interconnection-requirements-in-the-west/

“What have been the main challenges and/or barriers for enhancing IBR u ‘
interconnection requirements?” Western nterconnection
Regional Advisory Body

J

( Limited resources internally to develop and implement the IBR requirements
Lack technical understanding of what requirements to implement

Evolving state of IBR technology and concerns with limiting technological advancement

k Lack of internal stakeholder support or understanding of the need

\_

Not sure best technical approach for enhancing or adopting IEEE 2800-2022

Not sure where to start

Technical disagreement with the need or specific requirements

Not enough technical references or guidance materials to support making the enhancements
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“What would you like to get out of this IAG forum? How can it provide the :
most value to you, your department, and your organization?”

Western Interconnection
Regional Aduisory Body

Guidelines on the implementation of IEEE 2800; “best practices” template that can
be used as a starting point

Deeper understanding of technical requirements in standard
Learning from others — obstacles, challenges, successes

|dentification and sharing of best practices (developing requirements and
implementing such requirements)

Visibility of and confidence in interconnected IBR plant settings and conformity with
NERC and IEEE 2800 standards

Alignment with FERC Order 901 activities — what’s missing or different

ELEVATE .
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DOE i2X FIRST Initiative

ES'G DOE i2X Forum for the Implementation

of Reliability Standards for Transnr

RETURN TO 12X
SEASON 2 PAGE

ESIG with suppoct from Elevete Energy Consulting, and in collaboration with Serkeley Lab and EPRI, Is supporting the U.S. Departrnent of Enargy {DOE) initlative to facilitate the Forem for the
of Reliability for igsion (FIRST) a5 part of the DOE's Interconnection Innovation e-¥change (i2X).

Ty enzwne the relizble and secure operation of tlean enengy resources tothe alectric grid, need to aadress inverter-based generator capablitias, axpactad
perforrmance, cybersesurity requiremants, and other rekevant i Seme of these standards, such as nstitule of Clectrical and Clectronics Cigineers {ICCC)-2800, have been developed, bul still reed
1o e widely adoptes and Other a5 wedl g procedures tor and veritying Eiant confarmity with them, have yet fo Be developes,

The U.S. Department of Energy (DOE) Interconnection Innovation e-¥change (i2X) Foum for the ion of Reliability for T ion (FIRST) facilitates the adoption of new and
recenily ugdaled ratlevant for clean gnergy ik solar and wind eagrgy. The Forum cemvenes industry stakefoiens W enable easier and more harmonized
implementation of thess interconnection standards.

FAEIRS | addresses the solutions related te interconnection standards (4.7 to 4.9} identified In the DO- Transmizsion infercoanection Boadmag, 12X HHST covers practices outlined In the dratt of IFHE
PZE00.2 and best practices from early adontars of the IEEE 2800 standard. Accitionally, ongaing Morth Americen Electric Reliability Corporation {(NERC) standard revision efforts related to Fedarsl
Enargy Regulatory Gommissicn (FERT) Order 907 are discussed to ensure alignment with 1EEE 2500 adeption. Feedback gained theough 12X FIRST will nelp shape new standards development
FOCERSES.

IBR Interconnection

Requirements
STATUS AND NEEDS

ety irde Rite-Thsagh cur. )

https://www.esig.energy/i2x-first-season-1/
https://www.esig.energy/i2x-first-forum/
Register for Season 2

L EVATE

ENERGY CONSULTING

Brief for Decisionmakers

o et (et Ene b, e e Bt PR} ESIG

October 2024 NN TR

WTEGAATION GROMF

ESIG Brief: IBR Interconnection Requirements

Western Interconnection

Revional Advisory Body

IEEE SA

STANDARDS
AZIDCIATION

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
Committee, and Power System Relaying & Control Committee

IEEE 5td 2800™-2022

<$IEEE

ISTANDARDS

IEEE 2800-2022
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Western Interconnection

ESIG IBR Requirements Brief iWIRAB:

Revional Advisory Body

IBR Interconnection

Requirements
STATUS AND NEEDS

Al
Brief for Decisionmakers NQ -
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ESIG Brief: IBR Interconnection Requirements
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I[EEE 2800-2022 Adoption Strategies

Detailed Reference
Cite IEEE 2800 Clauses

General Reference

Hybrid Integration

Organic Integration

Detailed Spec

Cite IEEE 2800 in Full Recreate Specs of IEEE 2800

“Point to standard in
existing requirements”

“Point to specific clauses in
existing requirements”

“Point to specific clauses
and add clarifying language
in existing requirements”

“Recreate requirements
language entirely”

v'Minimal effort to adopt
x Limited system-specific

v'Targeted enhancements
v'Allows phased approach

v Targeted enhancements

¥ Targeted enhancements v'Allows phased approach

details* x Limited system-specific ¥ Allows phased approach v'Allows adaptation and
x Lacks clarity and details* ¥'Allows adaptation and tailored solution for
specificity additional requirements specific rules framework

x Leaves gaps in
implementation and
understanding

v’ System-specific and clear v'Enables conformity
v'Enables conformity language
language additions x Significant work and
duplication for AGIR
x Copyright concerns

* Industry practice has tended not to provide the necessary AGIR-specific details (i.e., functional settings) needed for complete
adoption of IEEE 2800-2022.

Notes: Green text indicates advantages of the adoption method, yellow text indicates limitations, and red text indicates gaps. More important advantages,
limitations, and gaps are in bold. AGIR = Authority Governing Interconnection Requirements.

Source: Elevate Energy Consulting.
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Template Facility Interconnection Requirements

Western Interconnection
Regional Advisory Body

Template Facility Interconnection Requirements for Adopting
IEEE 2800-2022 for Inverter-Based Resources Connecting to
the Bulk Power System

Version 1.0

Published: December 2025

Developed by Elevate Energy Ct in with ission p ocross the
Western ion and by the Western Regional Advisory Body
[WIRAB) in December 2025.

e
H
Regional Advisory Body

1. General Disclaimer

This document is provided forinformational purposes only and does not constitute legal, techmical, or
regulatory advice WIRAB and Elevate Energy Consulting make no representations or warranties
regardingthe accuracy, completeness, orapplicability of the information contained herein.

2. No Endorsement or Obligation

The inclusion of any recommendations or requirements in this template does not imply endorsement
or obligation by WIRAE or Elevate Energy Consulting. Utilities and other entities remain solefy
responsibie for ensuring complance with al applicable laws, reguiations, and standords.

3. Limitation of Liakikity

Under no circumstances shall WIRAB or Elevate Energy Consulting be liable for any direct, indirect,
incidental consequential, or punitive domages arising from the use, misuse, or reliance on this
deocument, induding but ot limited to implementation in bad faith orfaiee to meet reguiatony
requirements.

4. Responsibility of Implementing Parties
Utilities and other implementing parties assume ful responsibilityfor the interpretation, adaptation,
and application of this template. Itis the sole responsibility of such parties toverify thatamy

implementation aligns with applicable standards, inchiding IEEE 2800-2022 and NERG,
ReliabilityStandards, and to seek independent professional advice as needed.

5. No Guarantee af Complianca

This tempiate does not guarantes compliance with |EEE 2800-2022 orany other reguiatory or
technical standards suchas NERC/WECE Reliobility Standards. Users must conduct theirown due
diligence and consult qualified professionals before implementation.

IV

El EVATE
EXECUTIVE SUMMARY
This document provides a rec ded for Facility Interconnection Reguirements
(FIRs)* focused on bulk power system-connected inverter-based rescurces (IBRs), in alignment
with |EEE 2800-2022, JEEE for inter ion and Interap ility of Inverter-Based
Resources ing with A it Tr ission Electric Power Systems. The purpose of
this is to @ssist t P across the Western Interconnection in
establishing consistent and technically sound requi that can be P or appended to

their existing FIRs.

The Western Interconnection is seeing rapid growth in IBR development, driven by
decarbonization policies, market signals, and resource planning. However, diverging technical
interconnection requirements for IBRs across transmission providers introduces uncertainty for
|BR developers, creates inefficiencies in the study and commissicning processes, and can
potentially raise reliability risks since non-standardized approaches can lead to errors.

To address these challenges, the Western Interconnection Regional Advisory Body (WIRAB)
[WIRAE) partnered with Elevate Energy Consulting to develop this document with input from
transmission providers across the West. It distills key elements of IEEE 2800-2022 into practical
utility-facing requirements, covering topics such as disturbance ride-through, reactive power-
voltage control, active power-frequency control, protection and coordingtion, modeling
expectations, and monitoring and verification activities. Where appropriate, explanatory
guidance is included to support consistent implementation across jurisdictions and technology
platforms.

provit are ged to integ this {and adapt as into
their existing FIR documents, either by direct incorp ion or as a ref Use
of this commen framework will support greater regional consistency, reduce developar
confusion, and help ensure that newly interconnected |BRs contribute positively to grid
reliability and performance.

This template is intended to evolve over time. Feedback from wutilities, developers, and
equipment manufacturers is welcome to ensure that the content remains clear, current, and
technically appropriate.

More i ion about the devel of this project is i on the project
Harmonizing IBR Interconnection Reguirements in the \West

! Also referred to as Facility Connection Requirements (FCRs)

3

https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/

- EVATE

ENERGY CONSULTING
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Template FIRs for IBRs

EVATE

ENERGY CONSULTING

Clause 4.10: Enter Service

[IMSERT TRAMSMISSION PROVIDER NAME] adopts the requirements for IBR plants to enter
service as defined in Clause 4.10 of IEEE 2800-2022 and its sub-clauses. The table below
replaces Table 3 of IEEE 2800-2022 for enter service criteria for IBR plants.

Enter service criteria Default settings

Permit service \When enabled Disabled

Applicable voltage within rangs Minimum value [Enter value—e.g., 0.95 pu]
Maximum value [Enter value—eg., 1.05 pu
[operating voltage)]
Applicable frequency within range | Minimum value [Enter value —e.g., 59.4 Hz]
Maximum value [Enter value—e.g., 6012 Hz]
Footnote a. For any IBR plant connected to a weak grid, the default minimum voltage value to
enter service shall be [Enter value —e.g., 0.98 pu]. [INSERT TRANSMISSION PROVIDER NAME]
will inform the IBR owner of this modifiad reguirement, if applicable.

Clause 4.10.3: Performance During Entering Service

The default enter service peried for |BR plants shall be [INSERT VALUE] seconds unless
otherwise directed by [INSERT TRANSMISSION PROVIDER NAME]. The IBR plant shall have a
smooth and continuous active power ramp while operating on voltage control with no
significant oscillations or instability characteristics during return to service operation.

CLAUSE 5: REACTIVE POWER-VOLTAGE CONTROL REQUIREMENTS IN CONTINUOUS
OPERATION REGION

[INSERT TRAMSMISSION PROVIDER NAME] adopts Clause 5 of IEEE 2800-2022 with the following
clarifications and modifications.

Clause 5.1 Reactive Power Capability
The RPA for Clause 5 shall be the [select POM or POI].

The |BR plant shall provide reactive power support when the primary energy source is available
and not available, and during the transition between these availability states. Reactive power
capability during resource active power unavailability shall be reported to [INSERT
TRAMSMISSION PROVIDER MAME] by the IBR owner and shall be enabled by default when the
IBR plant is conmected to the [INSERT TRANSMISSION PROVIDER NAME] system.

L
Western Interconnection
Revional Advisory Body

[INSERT TRAMSMISSION PROVIDER NAME] will provide a voltage schedule to the IBR owner. The
|BR plant shall operate on autamatic voltage contral to maintain voltage within the defined
ranges provided.

The following table replaces Table 4 of IEEE 2800-2022 regarding RPA voltage ranges.

TS Nominal Voltage at vl V2 V3 V4 V5
[INSERT RPA LOCATION]
115 kW or 69KV

230 KV (including 345kV)
500 kY

Implementation Note: Update the table abowve with operational voltage schedules.
The RPA location is typically sither the POl or POM. Ensure that the perunit values in
the table align with cperational expectations by system opemators. For example, 500
kV systems may be operated at, say, 525 kV. An example table would look like:

ITS Nominal Violtage at POI Vi V2 V3 va V5

115 kV or 63kV 0.90 0.99 1.03 1.05 1.10
230 kV (including 345kV) 0.90 1.00 1.04 1.05 1.10
500 kV 09 1.02 1.06 1.10 1.10

Clause 5.2.1 General (Voltage and Reactive Power Control Maodes

IBR plants, unless otherwise spedified by [INSERT TRANSMISSION PROVIDER NAME], shall
operate in RPA voltage control mode. [INSERT TRANSMISSION PROVIDER NAME] will
communicate any meodifications to voltage control mode and an acceptable implementation
tme, if needed.

Clause 5.2.2 Vol control (Val and Reactive Power Control Modes

[INSERT TRANSMISSION PROVIDER NAME] will specify the RPA voltage set point to the IBR
owner. The RPA set point may include a range of acceptable voltages.

The |BR plant shall be configured with a default voltage droop setting of [insert value between 0
and 0.2] per unit veltage change for 1.0 per unit reactive power on the ICR base, unless
otherwise specified by [INSERT TRANSMISSION PROVIDER MAME]. [INSERT TRANSMISSION
PROVIDER MAME] may provide different voltage droop settings to the IBR plant owner at any
time based on system studies. The IBR owner shall configure the IBR plant with these modified

17



Implementation Details

Applicability

Transmission and subtransmission IBRs

Adoption Strategy

Comprehensive adoption, with clarifications where details are needed

Clarification of Terms

Handling “shall,” “should,” “may,” “can,” and “mutually agreed upon”

Technical Exceptions

Technological limitations on a case-by-case basis

Entity Roles and Responsibilities

Defining entities and responsibilities per the standard

Noncompliance Consequences
Data requests, corrective actions, alignment with requlatory requirements, timelines, etc.

ELEVATE
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Clause Specifications

Front Matter (Clauses 1-3)
Adopted in full

General Technical Specs (Clause 4)

Reference point of applicability, applicable voltages and frequency, mode changes, ramping,
enter service, etc.

Reactive Power-Voltage Control (Clause 5)

Reactive power capability, reactive power at zero active power, TS nominal voltage levels,
voltage control mode, voltage droop, minimum short-circuit ratio levels, response time, etc.

Active Power-Frequency Response (Clause 6)
Primary frequency response characteristics, hybrid plant performance, etc.

ELEVATE .
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Western Interconnection
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Clause Specifications

Response to Abnormal Conditions (Clause 7)

Ride-through failures, ride-through performance, reactive current priority, current injection
behavior, restore output response, etc.

Power Quality (Clause 8)
Adopted but highlights utility power quality requirements prevail

Protection (Clause 9)

Adopted, protections based on capability and equipment limits, data sharing, ROCOF,
unintentional islanded, etc.

Modeling and Studies (Clause 10)
Adopted, with additional details, CHIL testing for IBR units and PPCs, link to MOD standards, etc.

Measurement Data (Clause 11)
Clarifications for measurement data settings and triggers

ELEVATE .
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|[EEE P2800.2 IBR Plant Conformity Assessment

OEM Testing and
Model Validation

IBR Unit Type
Testing

Type Test Validated IBR
Results Unit Model

IBR Unit Model

Validation

NNNNNNNNNNNNNNNN

IBR Plant Model Development and IBR Plant Construction, Verification, and
Conformity Assessment Commissioning

( )

IBR Plant Model
Development and
Verification

IBR Plant Post-Commissioning
Model Validation

As-Built IBR Plant Evaluation

Verified IBR IBR Design As-Built Evaluation Commissioning
Plant Mode Evaluation Report Report and Checklist Checklist
4 )
. o IBR Plant Post-Commissionin
IBR Plant Design IBR Plant Commissioning . L :
. Monitoring, Periodic Tests,
Evaluation Tests s .
and Periodic Verification
IBR Developer IBR Owner / IBR Operator + OEM

¥
These steps need to be adopted and codified, to some
extent, to ensure they are adequately completed.

21



Call to Action
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Consider integrating into existing FIRs

Review template facility interconnection requirements (FIRs)

Implement IEEE 2800-2022; fully leverage modern IBR performance
Consider test and verification techniques — IBR plant conformity assessments
Integrate with IBR modeling requirements and performance tests

Strive for harmonization — with neighbors, across regions, nationally

Template Facility intercannection Requirements for Adopting
IEEE 2800-2022 for Inverter-Baved Resouress Connecting to
the Bulk Power System

Wrszn 10

Pustest Decemoes 2025

WIRAR

o
EVA

WIRAB

.
E VATE

—

oy nBgngeinte

https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
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-
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Western Interconnection
Regional Aduisory Body

22


https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/
https://www.westernenergyboard.org/harmonizing-ibr-interconnection-requirements-in-the-west/

Harmonization Benefits All SMiRAG:
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Eric Baran, ebaran@westernenergyboard.org

Ryan Quint, ryan.quint@elevate.energ WGSIe"‘ Inlercnnnecﬁon
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Industry Perspectives

Stephen Longmuir, Idaho Power

LeeAnn Torkelson, Salt River Project
Biju Gopi, California ISO
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Round Tahle Discussion

Western Interconnection
Regional Advisory Body

EJ Can you share where you are with your IBR requirements enhancements and adoption of IEEE
mm 2800-20227

What are your plans for incorporating or leveraging the template facility interconnection
25 requirements developed through this process?

& What are your thoughts on conformity assessment and verification?

% What’s next on the horizon for your organization?

Western Interconnection Regional Advisory Body 26



Use the chat

or

Western Interconnection
Regional Advisory Body

Raise your hand
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FIR Tempiate Available Now!

FIR available for download on the Project Website |
* Please provide name, email, and organization

\EEE 2800-2022
the Bulk Power Syste™

Recording and Slides will be available soon

Questions:
* Eric Baran, ebaran@westernenergyboard.org
* Ryan Quint, ryan.quint@elevate.energy
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WIRAB Monthly Meeting
First Thursday of the Month at 2:00 PM MT
Next Meeting: TBA

Spring 2026 Joint CREPC-WIRAB Meeting
May 12-14, 2025 in San Diego, CA
https://www.westernenergyboard.org/meeting-calendar/
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Eric Baran

ebaran@westernenergyboard.org
720-897-4600 x 207
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