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Elevate Energy Consulting

Helping enable a reliable, resilient, affordable, and sustainable energy future
for generations to come.

Outstanding technical expertise In inverterbased technologies, grid
Interconnection, transmission planning and operations, protection system
engineering, regulatory compliance, dynamic modeling and studies, data
center modeling, etc. #trust

Elevating our industry partners including large utilities, system operators,
renewables developers, asset owner/operators, regulators, nonprofits, trade
organizations, national laboratories, research institutes, and more to tackle
complex challenges facing the electricity sector #impact




Disclaimers

These views reflect the insights of Elevate Energy Consulting and do not necessarily reflect the views of
9f SPI 1SQa AYRdAzZAUGNE LI NIOYSNHE FyR Of ASylao

These views reflect learnings from working on many IBR plant models across multiple Regions and entit
and do not reflect any one singular site.

These views and material should not be interpreted as compliance advice or guidance; they are solely ft
informational purposes, discussion, aalgvatingindustry understanding of practical and pragmatic issues.
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The IBR Modeling and Studies
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IBR Report and Standards, Oh My!
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NERC 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

RELIABILITY | RESILIENCE | SECURITY

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

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



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

NERC Milestone 3 Projects Infographic

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 model validation based on
performance data

» Set validation expectations using performance data

Standards Include: MOD-026, MOD-027

%
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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

https://www.nerc.com/globalassets/standards/projects/2022/milestone-3/ferc-order-901-milestone3-projects.pdf

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

ENERGY CONSULTING


https://www.nerc.com/globalassets/standards/projects/2022-02/milestone-3/ferc-order-901-milestone-3-projects.pdf
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FERC Order 901: Milestone 3 Projects

Model Verification

and Model Validatio

Project 202606

\.

MOD-026-2*

Modeling and Data

J

G

\.

New Glossary
Terms:Model
Verificationand
Model Validation

\

Sharing
Project 202202
4 )
MOD-032-2*
IRG010-6*
TOPR003-8*
\ J
- ™

/
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Distributed Energy
Resource (DER)

New Glossary Term:

\ J

* Changes in the revised standards impact Generator Owner and Generator Operator

Perform Model

Validation
Project 202101
4 )
MOD-033-3
\ J

All revised Standards were
submitted to FERC on
11/4/2025.



ERO Unacceptable Models List

Known Unacceptable
Model Name

Table 1: Unacceptable Model List
Model Description

Effective

Renewable Energy Models

WT3G1, WT3G2, wt3g

Generic Type 3 WTG Generator/Converter Model - Doubly-fed

Effective Date

induction generator of MOD-032-2

G icT AWTG G tor/C rter Model - Variabl d | Effective Date
WT4GL, WTAG2, widg g:::rgiory\z?th full conzgftr;ror/ orverierloder- Tariable spee of MOD-032-2
WT3E1, wt3e Generic Type 3 WTG Electrical Control Model E:fi:g;%[;a;z
WT4E1, WT4E2, wtde Generic Type 4 WTG Electrical Control Model E:fi:g;%[;a;z
WT3TL, wt3t Generic Type 3 WTG Turbine Model E?i:gﬁo[;aztz
WT3P1, wt3p Generic Type 3 WTG Pitch Control Model E?i:gﬁo[;a;g
WT12A1, wtlp, wt2p Generic Type 1 and 2 WTG Pitch Control Mode! E?E:g‘[‘ioga;z
WT4E1, wtdt Generic Type 4 WTG Power Converter Model E?i:g;%[;ztz
wt4p Generic Type 4 Pitch Control Model E?i:g;%gztz
REECB1, REECBU1, reec_b | Generic Phase 2 PV Electrical Controls Model E?i:g;%[;ztz

* MOD-032-2 includes a process for updating the
Unacceptable Models List maintained by the ERO

%
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

ERO Unacceptable .
Models List

Project 2022-02 Uniform Modeling Framework
for IBR

September 2025
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3353 Peachtree Road NE

Suite 600, North Tower
Atlanta, GA 30326
404-446-2560 | www.nerc.com

https://www.nerc.com/globalassets/standards/projects/2022/2022-02-ero unacceptable modelsst-septembekfinal-ballot.pdf



https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf
https://www.nerc.com/globalassets/standards/projects/2022-02/2022-02-ero_unacceptable_models-list-september-final-ballot.pdf

COMPLIANCE DEADLINES: MOD-026-2

MOD-026-2: Verification and Validation of Dynamic Models and Data

R1 and R7:

Entities shall comp |y
by April 1, 2027

Requirement R1 (TP and PC)
A Jointly develop dynamic model requirements
make available to GOs and TOs

Requirement R7 (TP)

A Provide current iruse models and
documentation for existing facilities

* Effective date is provided as an
example. Assuming FERC approves it in
Q1 2026. Not the real date as FERC has
not approved the revised standard.

R2¢ R6:
Entities shall comp| e
by April 1, 2029

a' P

El EVATE

NNNNNNNNNNNNNNNN by reviewing equipment or facility design and settings documentation.

Requirements R2, R3, R4, R6 (GO or
A Conduct model verification and validation

A Update models when changes occur

A Respond to model deficiencies

Requirement R5 (TP)

A Evaluate submitted models and documentati
to determine if they meet modeling
requirements

L®))

DN

Model Validation and Model Verification definitions used in MI2B-2 are pending FERC approval:
A Model validation:¢ KS LINE OSaa 2F O2YLI NRY3I arvdAZ A2y NBadAg §a 6AGK YSI delNdrySyida (2 aasSaa Kz2g OtzasSte |
A Model Verification: The process of confirming that model structure and parameter values are representative of the equipment or facility desigings

10



PRG028-1 and MOD-026-2

® Triggered FR data

Power Plant Controller

I O Continuous DDR data
Point of Interconnection
Point of Connection _ (POI)
(POC) Point of Measurement
(POM)
| oof— e—
@ | @ | Equwalent . @ Generator
Equivalent Equivalent Collector System Main Power Tie Line
Inverters/Turbines PadMounted — Transformer
Transformer
Shunt
Compensation

PR@028 Disturbance Monitoring Dat:

Minimize the need for testing use PR@28 monitoring data! A Triggered fault recording (FR) data at high
: : side of main power transformer(s) (MPTSs),
Less operatlonal downtime and cost collector feeders, and shunt dynamic
Less testing complexities devices - |
_ _ . A Continuous dynamic disturbance recording
Less challenges coordinating OEMSs, field crews, teams, etc. (DDR) data at high side of MPTs

More need to capture higlguality IBR plant data

El EVATE

NNNNNNNNNNNNNNNN



Key Steps in 2800 Adoption

Step 1:Transmission provider adopts IEEE 22002 (i.e., establishes
Interconnection requirements that implement the standard)

General Reference

Cite IEEE 2800 in Full

“Point to standard in
existing requirements”

v'Minimal effort to adopt
x Limited system-specific

Detailed Reference
Cite |IEEE 2800 Clauses

“Point to specific clauses in
existing requirements”

v Targeted enhancements
v'Allows phased approach

Hybrid Integration

Organic Integration

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

¥ Targeted enhancements

Detailed Spec

Recreate Specs of IEEE 2800

“Recreate requirements
language entirely”

v Targeted enhancements
v'Allows phased approach

details* x Limited system-specific v'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
language additions

v Enables conformity
language

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.

Brief for Decisionmakers

By Juli (Energy Systems
Ryan Quint (Blevate Energy Consulting), and Jens

October 2024

IBR Interconnection

Requirements
STATUS AND NEEDS

Group),
Boemer (EPRI)

\@f
ESIG

ENERGY SYSTEMS
INTEGRATION GROUP

| EVATE .

ENERGY CONSULTING ESIG



https://www.esig.energy/wp-content/uploads/2024/10/ESIG-IBR-Interconnection-Requirements-brief-2024.pdf

IEEE 2800-2022 and IEEE

IEEE SA

STANDARDS
ASSOCIATION

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 Std 2800™-2022

4 IEEE

ISTANDARDS | Jhw
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1 P2800.2™/D1.0

» Draft Recommended Practice for Test
s and Verification Procedures for

+ Inverter-Based Resources

s Interconnecting with Bulk Power

¢ Systems|

Developed by the

o Energy and Power
10 afthe
11  IEEE Power and Energy Society
12
13
%-‘! Appraved <Date Approved>
5
%g IEEE SA Standards Board
13 Copyright © 2004 by The Institute of Electrical and Electronies Engineers., Inc
18 Thee Park Aves

20 Mew Yook, Mew Yook L00LE-5997, USA
a1

Al ights reserved

statemezes SHALL NOT B

ticmal ssandardizatice

Warking Grosp

EEE Sandard. As such, this document is subject o

Depastnent

P2800.2

28 st be infam 1 for cousideration
ne

20

30 ¢ IEEF. Standands
31 i 15 [heparmest will reguire &
3 docuness highlighting the wse of 1EEE conient. Cther

34 the IEEE Standards Depastznent
35 IEEE Saandards Deparmess
36 445 Hoos Lane

37 piscamway, NJ 05554, LSA
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IEEE P2800.2 Conformity Assessment Steps

“

Type Tests

Lab or
field tests
of
individual
IBR unit
for model
validation

S

IBR Unit
Model
Validation

Based on
type test
data

Completed by OEM

E)[,A/)‘x

EVATE
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IBR Plant
Model

Development

Based on
validated IBR
unit model(s)
and balance

of plant

IBR Plant

Design
Evaluation

Simulations
to assess
plant
conformity
to IEEE 2800

As-built
Installation
Evaluation

Verification
of installed
plant

Plant
construction
complete

Commissioning P
Tests

ost-commissionin
Monitoring

Partial field -
assessment of Monitoring of plant
plant performance during grid

performance events

Model Validation Periodic Tests

Based on - E-ILd .
commissioning test Verifications
data

Source: A. Hoke
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ERCOT NOGRR 245 and RideA | 3 - Az |

weem NOGRR-245 Legacy VRT Requirements Lower
ws NOGRR-245 Legacy VRT Reqguirements Upper
mm [OGRR-245 Preferred WRT Requirements Lower
mmmm [OGRR-245 Preferred VRT Requirements Upper
mmm Post-Maximization IBR Resource Lower
mmmm Post-Maximization IBR Resource Upper
= Pre-Maximization Turbine Lower
= Pre-Maximization Turbine Upper

MV Relay Lower

1.5

MV Relay Upper
HV Relay Lower
HV Relay Upper

Voltage [pu]
—

0.5

0.001 2

a' P
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2 5 1 H

Duration in Time [sec]

A IBR unit protections set based on capabilities, not requirements
A Balance of plant protections outside IBR unit fitleough capability

A Trippingprone protections disabled

Zz5JE
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Model Quality Assessment

Model Quality
Assessment

Site Verification Model Quality
Checklist Checks
-
)
o
]
| )
P
L EVATE
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Model
Performance Tests

21



Model Performance Test Automation

PSS®E [ e e Ay
i ercot%
DSATools ®ieso =MISO

Select Simulation
Platforms

LVRT Lag
300

—— P at POI [MW]PSCAD
—— P at POI [MW]PSSE
—— @ at POI [MVAR]PSCAD
—— Qat POI [MVAR]PSSE
V at POI [pulPSCAD
~—— V at POI [pu]PSSE
~—— freq at POI[pu]PSCAD
freq at POI[pu]PSSE

Choose a Region

200

100

PatpPol [MW]

0

/
N

Time [sec]

Q at POI [MVAR]

Time [sec]

atPoI [pu]

&

Time [sec] /

Interactive plots with analytics built in
e EVATE

ENERGY CONSULTING

Conduct Model Performance Tests
Run all tests via web interface on virtual computers.

One click, minimize, and wait.

Benchmark Results
Overlay responses from each simulation model
(PSSE, PSCAD, TSAT).

Compare Simulations
Automatically check conformity with requirements.

Check prevs.postmodification results. Tune as needed.

Compile Report

Capture simulation results and findings from all tests
conducted. Standardized reporting tailored to regional
requirements.

Example automation approach

5

GridSitrong

Secure Virtual Computer Lab

Standardized and
Automated Reporting

PREPARED FOR:

’
T ELEVATE

22



?

8 ° J «T

AMISO, ERCOT, SRP, and
others are starting to seek
GFM BESS deployments
either on a pilot, caséy-
case, or full adoption basis

Adl 2NB€¢ DCa c¥F
grid-stabilizing attributes
(no energy buffer,
overcurrent, etc.)

é]_e/)m

EVATE
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Yy |

5

Test results show GFM technologies meet proposed requirements while

non-GFM cannot (LLSM Case 1 results_for GFM)

Active power Reactive power
0.9 w
- o7 30 L’/_\-
~A - 30 S
' E 0 -
gos — P — _—r
0.1 4r e st bt M
o1
5 10 5 e O 25 2 a 15 im o
P_ProjectBESS ——P DuplicateBESS ———P Load  -----P_machine a_pro] ——O.Oup — 0 Lead = €_Mach
o0 Voltage and Frequency Loz Post-trip: . . P
60— 1 ! a, Plant output is well controlled with no significant frequency/voltage
0 1.00 oscillations.
= so8 098 _ b. Voltage settles to a stable operating point.
= a ¢ Final voltage is expected based on droop and deadband settings.
? o 0.96 T‘;‘, d.[] Freguency settles to a stable operating point.
2 596 —‘E =3 Final frequency is expected based on droop and deadband settings.
& 595 094 = f. Oscillations is adequately damped.
9.4 052 g.[v] Distortion abserved in phase quantities dissipates over time.
59.3 h. Active power immediately moves to meet load requirement and
9.2 0.90 settle according to its frequency droop setting.
10 15 Time (s} L 5 a0 Footrates on the past-trip criteria and examples of all simulation tests, YT
——Frequency =V _ProjectBESS including non-GFM, are show in in the whitepaper o Mﬁg

Source: MISO (PAC October 16, 20:
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Data Center Modeling and
Studies Landscape

E>[rf~/)~x

EVATE

NNNNNNNNNNNNNNNN



Data Center Growth Pipelines

Planned data centers

Data centers planned to come online by 2030

< 5,000
) 2%88 Power capacity (MW)

E>r«/)~»

EVATE
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Source: Cleanview Data Center Tracker

Data center pipeline by utility

The top 10 utilities have 600+ GW of pipeline—145 GW is high-
confidence pipeline they expect to be built.

. High-confidence pipeline || Other pipeline

PPL Electric _ 60 GW
Southern Co. 50 GW
Exelon - 36 GW

APS - 20 GW

Dominion 40 GW

PG&E . 10 GW

Entergy . 10 GW

PSE&G . 9GwW

25



Access to Electricity Rules; Timelines Misalignhed

Data center developers are more optimistic in grid power delivery timelines

-
% Rated in top 3 than utilities

Currentrank Consideration Average rating considerations Data center market expectations of the earliest a utility can provide power

® Hyperscalers and colocation developers, median response @ Utilities, median response 1 Standard deviation

Atlanta f @ —@ i
2 Proximity to customers/end-users _
Austin/San Antonio f @ 4 I L I
3 Proximity to fiber optic _
Bay Area : —e o :
4 Local regulations _
Charlotte/Raleigh f 1@ @ :
5 Availability of labor _ .
Chicago b———e— 00—
6 Availability of green power Dallas-Fort Worth | ® P |
7 Availability of water _ Northern Virginia : " o P ].
8 Proximity to industry partners _ Ohio | *— ; ® :
9 Reliability of weather conditions m Phoenix f ® o——
“Survey question: Please rank from maost important (1) to least impartant (10) of the following key buying/decision factors for each specific data 2025 2026 2027 2028 2029 2030+

center segment you have worked in

Source: Survey of data center decision makers (hyperscalers and colocation developers, n=44 in April 2025)
“Survey question: In key data center markets, when is the earliest a utility could give you power?

\ X Source: Survey of data center decision makers (hyperscalers and colocation developers. n=44; utilities. n=23 in April 2025)
Source: 2025 Data Center Power Report: Mahr Pulse

| EVATE .
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On-Site Power Becoming the Norm

The narrative has evolvdpddzA O1 f & X

AGL Ydzald KI @S OfSlFys KAIKEeée NBfAlLIoftS St
AadL Ydzald KI @S KAIKEfeé NBfAFOGES St SOGNROA
AaL Ydzald KI @S NBfAIFOGES St SOUNRMOAUE PE
AdL YSSR | 0O0Saa 02 St SOUNRKROAIUERDE
AaL oAff GF1S 6KFEISOSNI ANAR OF LI OAGEe L«
AL R2Yy Qi YySSR UKS 3INARO®DE

A Nearly 40% of data centers are expected to incorporaté

primary onsite generation, up from 13% a year ago.

A Over 25% of data centers are planning to be fully powered
E{’A/)vk by onsite generation by 2030, up from 1% a year ago.
L EVATE Source: 2025 Data Center Power Report:-Mir Pulse 27
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NERC Reports Fain

e i,

om ©

0 0

" The load did not
come back
immediately

VT

LR

t Sighals of Data Center Risk

'EVATE

ENERGY CONSULTING

Approx.
1,500 MW
Load Lost
N e
N
b ‘-m‘_‘x _{.—-"
\H“‘x_‘ Faulted Phase Voltage at Station C
\ "'.\\\_“\. f— .
N N
H“n ™~ . 2000¢
- \‘\\.._
H‘\'"\-.
~_
Jllm 100 JI‘W I 11.!0.'- h.w 0.'.00 o
= D Pl Famiaar Dingea
Source: NERC Incident Review Large Load Loss (2025)

First voltage/d'epression -
Initial Fault — arrestor

failure

Second voltage
depression-1st
automatic reclose
attempt - instantaneous
at both ends of line

Third voltage depression—
2nd automatic reclose
attempt on terminal A of
line- 15 second delay

Fourth voltage depression
- 2nd automatic reclose
attempt on terminal B of
line- 20 second delay

/

Fifth voltage depression-—
3rd automatic reclose
attempt on terminal A of
line- 75 second delay

Sixth Voltage depression—
2nd automatic reclose
attempton terminal B of
line- 80 second delay




Al Training Load Cycles

AFast load ramps s

AHigh load variability g »
6aehAldSNE B S S R

Alrregularity rme

AUnpredictability et T e

AOscillatory LW LM W MLM

ALack of data transparency:”

"

Source: Microsoft/OpenAl/NVIDIA

é]_a/)m
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Modeling of Large Loads

a

E

f ¢

DS2NHS 9o

Static Load Models

t o

P+iQ
Tap
R+jX
B
o Py = Load MW in pu on system base
K
]’ r I| [ Constant P= PROX v P
- MVA Q — Q X VZ
v v RO
Large Small Discharge Transformer Remaining
Motors Motors Lighting Saturation Loads

a' P

‘EVATE
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Dynamic Complex Load Model [Source: Siemens PSS®E]

ulFdAautAOac MJT C
Load Bus
System Bus Low-side —@ Motor A
(230, 115, 69kV) Bus Feeder
Equiv.
Ridr +Xfdr Pnet _@ Motor B
o
I FoBrar Onet L : ) Motor C
[ (-FoyBiar] _@ Motor D
UVLS
UFLS s Pdg Electronic

t
&l

Static

________

Dynamic Composite Load Model [Source: NERC]

Large Load

5=

EMTPWorks

PSCAD V5.0
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Al Oscillations and Resonant Frequencies

Large frequently occurring torques
0.025 1 | on nearby generator shafts
0.020 ——
Forced oscillations at natural
47

(electromechanical) system modes

0.015 1 Risks of subsynchronous

torsional resonances

Source: PSCAD
0.010 ~

Fraction of total Magnitude

0.005 -

—— FFT Magnitude

0.000 ~

m F > 1 2 x4 6 A B 9 8 8l D D e e N @9

Frequency (Hz) Source: Microsoft/OpenAl/NVIDIA

El EVATE ”
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Understanding Impacts to Nearby Generators

M
S-N curve

'\\
Fatigue strength at N cycles ™

Stress amplitude. S

117 T O S ——— .

Fatique life at 5 stress |

0 i

Cycle to failure. N (log scale)

a' P

El EVATE
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v

SN curves helpful in understanding
Impacts on generators

Stress (S) versus cycles to failure (N)
High torque change impacts
Continuous cycling impacts
Requires detailed EMT studies
Coordination with OEMs key



Rapidly Evolving Technology Landscape

Agile Compensation of Load Fluctuation
1.0

s M . L L |
IAHIP"HFA"'\ » r .Ll " 1_"‘" ..‘!'

Smoothing Al load variability: .. YL T (Al A M
ARacKlevel solutions METIAL 1 (A
AUPSlevel solutions ey

AGrid forming BESS fas | |

AESTATCOM .

AFull conversion solutions ¢ 0 @ % e w @ n w0 w

Source: Data Center Frontier

é]_a/)m
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Mitigations and Reinforcements

Grid Forming Battery Energy Storage

Systems (GFM BESS) m HIIIIIMIIIMM
STATCOM and option with Energy .. “ ‘ i l l l ——
Storage (ESTATCOM) = L
UPS isolatioiq possible in future iy
Server technolo g les Source: Tesia presentation to ERCOT LLWG

No silver bullet; transmission of load behavior to utility and generator
responsesnustbe evaluated

Utilities issuing load requirements that will require mitigations
Study coordinated systemverify fault ridethrough, etc.

a Py

ELEVATE 34
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A Landscape to Be Made

9

ek The Secretary of Energy
Washington, DC 20585

October 23, 2025

The Honorable David Rosner, Chairman

The Honorable Laura Swett, Commissioner
The Honorable Lindsay S. See, Commissioner
The Honorable Judy W. Chang, Commissioner
Federal Energy Regulatory Commission

888 First Street, NE

Washington, DC 20426

Re:  Secretary of Energys Direction that the Federal Energy Regulatory Commission
Initiate Rulemaking Procedures and Proposal Regarding the Interconnection of
Large Loads Pursuant to the Secretary s Authority Under Section 403 of the
Department of Energy Organization Act

Dear Chairman Rosner and Commissioners,

To usher in a new era of American prosperity, we must ensure all Americans and
domestic industries have access to affordable, reliable, and secure electricity. To do this,
large loads, including AT data centers, served by public utilities must be able to connect to
the transmission system in a timely. orderly, and non-discriminatory manner. This is an
urgent issue that requires prompt attention.

Congress authorized the Federal Energy Regulatory Commission’s (Commission or
FERC) jurisdiction over the transmission of electric energy in interstate commerce and the
sale of electricity at wholesale in interstate commerce.! Historically, the Commission has
not exerted jurisdiction over load interconnections. It is my view that the interconnection
of large loads directly to the interstate transmission system to access the transmission
system and the electricity transmitted over it falls squarely within the Commission’s
jurisdiction.

e
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5hoQa £ Siid S NIqgiick ang Enpattiul@ddidxt RNKA &S
Al AYAG COw/ Q& NBnhedtedicads,indlllghds ¥20 WA 2
(flexible)

A Study large loads and d4ocated generation together

A Standardize deposits, readiness, and withdrawal rules

A Base hybrid studies on requested injection/withdrawal rights

A Require protection systems for hybrid facilities

A Faster studies for curtailable or dispatchable loads

A Make loads responsible for network upgrades they trigger

ADAO@S f2FRa&a GKS &l YS a2LWGA2y G2 0 dz
A Study any generator suspension (to serve load) like an SSR/RMR case
A Transmission service based on actual withdrawal rights

A Ancillary service charges tied to peak demand (no offsets)

A Define a clear transition plan for ongoing studies

A Ensure utilities serving large loads meet NERC/OATT obligations, and
ensure NERC reviews standards for possible new registration categories
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