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Elevate Energy Consulting

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

ÅOutstanding technical expertise in inverter-based technologies, grid 
interconnection, transmission planning and operations, protection system 
engineering, regulatory compliance, dynamic modeling and studies, data 
center modeling, etc.      #trust

ÅElevating 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



ÅThese views reflect the insights of Elevate Energy Consulting and do not necessarily reflect the views of 
9ƭŜǾŀǘŜΩǎ ƛƴŘǳǎǘǊȅ ǇŀǊǘƴŜǊǎ ŀƴŘ ŎƭƛŜƴǘǎΦ 

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

ÅThese views and material should not be interpreted as compliance advice or guidance; they are solely for 
informational purposes, discussion, and elevating industry understanding of practical and pragmatic issues.
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Disclaimers



The IBR Modeling and Studies 
Landscape
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IBR Report and Standards, Oh My!
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NERC Modeling-Related Alerts and Reports

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

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
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NERC Milestone 3 Projects Infographic

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

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


FERC Order 901: Milestone 3 Projects

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

Model Verification 
and Model Validation

Project 2020-06

MOD-026-2*

New Glossary 
Terms: Model 

Verification and 
Model Validation

Modeling and Data 
Sharing

Project 2022-02

MOD-032-2*

IRO-010-6*

TOP-003-8*

New Glossary Term: 
Distributed Energy 

Resource (DER)

Perform Model 
Validation

Project 2021-01

MOD-033-3

* Changes in the revised standards impact Generator Owner and Generator Operator 8
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ERO Unacceptable Models List

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

* MOD-032-2 includes a process for updating the 
Unacceptable Models List maintained by the ERO
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COMPLIANCE DEADLINES: MOD-026-2
MOD-026-2: Verification and Validation of Dynamic Models and Data 

Requirement R1 (TP and PC)
Å Jointly develop dynamic model requirements; 

make available to GOs and TOs

Requirement R7 (TP)
Å Provide current in-use models and 

documentation for existing facilities

R1 and R7:
Entities shall comply 

by April 1, 2027 

MOD-026-2 
Effective Date 
April 1, 2026*
(Cat 1 and 2 IBRs)

* 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. 
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R2 ς R6:
Entities shall comply 

by April 1, 2029

Requirements R2, R3, R4, R6 (GO or TO)
Å Conduct model verification and validation
Å Update models when changes occur
Å Respond to model deficiencies

Requirement R5 (TP)
Å Evaluate submitted models and documentation 

to determine if they meet modeling 
requirements

Model Validation and Model Verification definitions used in MOD-026-2 are pending FERC approval:
Å Model Validation: ¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ŎƻƳǇŀǊƛƴƎ ǎƛƳǳƭŀǘƛƻƴ ǊŜǎǳƭǘǎ ǿƛǘƘ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƻ ŀǎǎŜǎǎ Ƙƻǿ ŎƭƻǎŜƭȅ ŀ ƳƻŘŜƭΩǎ ōŜƘŀǾƛƻǊ ƳŀǘŎƘŜǎ ǘƘŜ ƳŜŀǎǳǊŜŘ ōehavior. 
Å 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.
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PRC-028-1 and MOD-026-2
Triggered FR data

Continuous DDR data

Equivalent 
Inverters/Turbines

Equivalent 
Pad-Mounted 
Transformer

Equivalent 
Collector System 

Shunt 
Compensation

Main Power 
Transformer

Generator 
Tie Line

Point of Connection 
(POC) Point of Measurement 

(POM)

Point of Interconnection 
(POI)

Power Plant Controller

G

Å Triggered fault recording (FR) data at high-
side of main power transformer(s) (MPTs), 
collector feeders, and shunt dynamic 
devices

Å Continuous dynamic disturbance recording 
(DDR) data at high side of MPTs

PRC-028 Disturbance Monitoring Data

Minimize the need for testing ς use PRC-028 monitoring data!

ÅLess operational downtime and cost

ÅLess testing complexities

ÅLess challenges coordinating OEMs, field crews, teams, etc.

ÅMore need to capture high-quality IBR plant data



Step 1: Transmission provider adopts IEEE 2800-2022 (i.e., establishes 
interconnection requirements that implement the standard) 
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Key Steps in 2800 Adoption

Source: ESIG

https://www.esig.energy/wp-content/uploads/2024/10/ESIG-IBR-Interconnection-Requirements-brief-2024.pdf
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IEEE 2800-2022 and IEEE P2800.2

THE WHAT THE HOW IMPLEMENTATION

?
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IEEE P2800.2 Conformity Assessment Steps

Source: A. HokeCompleted by OEM Completed by 
IBR Developer/Owner
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ERCOT NOGRR 245 and Ride-A|³­Äz| ż5JÈ ª ÊJº ­«Ž

Å IBR unit protections set based on capabilities, not requirements
Å Balance of plant protections outside IBR unit ride-through capability
Å Tripping-prone protections disabled
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Phasor Domain Model

EMT Model

ά²ŜΩǊŜ ¢ǊȅƛƴƎ ǘƻ aƻŘŜƭ ŀ IƻǊǎŜέ
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άDǊŜŀǘΣ ƘŜǊŜΩǎ ǘƘŜ ƭŀǘŜǎǘ ƳƻŘŜƭǎΦέ

Something ŘƻŜǎƴΩǘ look right

Phasor Domain Model
= Horse

EMT Model
= Donkey
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άhƘ ǎƻǊǊȅΣ ǘƘŜǎŜ ŀǊŜ ŀŎǘǳŀƭƭȅ ǘƘŜ 
ƳƻŘŜƭǎΦέ

ΦΦΦ¢Ƙƛǎ ƛǎ ƴƻǘ ŀ ƘƻǊǎŜΧ
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ά!ƭǊƛƎƘǘΣ L ǿŜƴǘ ōŀŎƪ ǘƻ ǘƘŜ h9a 
ŀƴŘ Ǝƻǘ ǘƘŜǎŜ ƴŜǿ ƳƻŘŜƭǎΦέ

Phasor Domain Model
= Donkey

EMT Model
= Horse
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ΧCƛƴŀƭƭȅΗ bƻǿ ǿŜ Ŏŀƴ start our 
ǿƻǊƪΧ
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Model Quality Assessment

Model Quality 
Assessment

Site Verification 
Checklist

Model 
Performance Tests

Model Quality 
Checks+ +
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Model Performance Test Automation

Automatically check conformity with requirements. 
Check pre- vs. post-modification results. Tune as needed.

Compare Simulations 

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

Compile Report 

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

Conduct Model Performance Tests 

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

Benchmark Results 

ΧΧ

Secure Virtual Computer Lab 

Interactive plots with analytics built in

Standardized and 
Automated Reporting

Choose a RegionSelect Simulation 
Platforms

Example automation approach



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

Åά/ƻǊŜέ DCa ŦǳƴŎǘƛƻƴŀƭƛǘȅ ς 
grid-stabilizing attributes 
(no energy buffer, 
overcurrent, etc.)
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.?8´ J«T Cº Ӄ º X´ >­ӃӃ «z ­Äº +*5 #(?? >X²Ż´

Source: MISO (PAC October 16, 2024)



Data Center Modeling and 
Studies Landscape
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Data Center Growth Pipelines

Source: Cleanview Data Center Tracker
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Access to Electricity Rules; Timelines Misaligned

Source: 2025 Data Center Power Report: Mid-Year Pulse



The narrative has evolved ǉǳƛŎƪƭȅΧ

ÅάL Ƴǳǎǘ ƘŀǾŜ ŎƭŜŀƴΣ ƘƛƎƘƭȅ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΦέ

ÅάL Ƴǳǎǘ ƘŀǾŜ ƘƛƎƘƭȅ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΦέ

ÅάL Ƴǳǎǘ ƘŀǾŜ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅΦέ

ÅάL ƴŜŜŘ ŀŎŎŜǎǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦέ

ÅάL ǿƛƭƭ ǘŀƪŜ ǿƘŀǘŜǾŜǊ ƎǊƛŘ ŎŀǇŀŎƛǘȅ L Ŏŀƴ ŦƛƴŘΦέ

ÅάL ŘƻƴΩǘ ƴŜŜŘ ǘƘŜ ƎǊƛŘΦέ
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On-Site Power Becoming the Norm

Source: 2025 Data Center Power Report: Mid-Year Pulse

ÅNearly 40% of data centers are expected to incorporate 
primary on-site generation, up from 13% a year ago.

ÅOver 25% of data centers are planning to be fully powered 
by on-site generation by 2030, up from 1% a year ago.
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NERC Reports Faint Signals of Data Center Risk

Source: NERC Incident Review Large Load Loss (2025)



ÅFast load ramps

ÅHigh load variability 
όάƧƛǘǘŜǊέύ

ÅIrregularity

ÅUnpredictability

ÅOscillatory

ÅLack of data transparency
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AI Training Load Cycles

Source: Microsoft/OpenAI/NVIDIA

Source: NVIDIA
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Modeling of Large Loads

Static Load Models

Dynamic Composite Load Model [Source: NERC]

ά!ƭƭ ƳƻŘŜƭǎ ŀǊŜ ǿǊƻƴƎΣ ōǳǘ ǎƻƳŜ ŀǊŜ ǳǎŜŦǳƭέ
       DŜƻǊƎŜ 9Φ tΦ .ƻȄΣ ά{ŎƛŜƴŎŜ ŀƴŘ {ǘŀǘƛǎǘƛŎǎέΣ мфтс

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

PSLF
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AI Oscillations and Resonant Frequencies

Large frequently occurring torques 
on nearby generator shafts

Forced oscillations at natural 
(electromechanical) system modes

Risks of subsynchronous 
torsional resonances

Source: PSCAD

Source: Microsoft/OpenAI/NVIDIA



ÅS-N curves helpful in understanding 
impacts on generators

o Stress (S) versus cycles to failure (N)

ÅHigh torque change impacts

ÅContinuous cycling impacts

ÅRequires detailed EMT studies

ÅCoordination with OEMs key

Understanding Impacts to Nearby Generators
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Rapidly Evolving Technology Landscape

Source: Data Center Frontier

Smoothing AI load variability:

ÅRack-level solutions

ÅUPS-level solutions

ÅGrid forming BESS

ÅE-STATCOM

ÅFull conversion solutions



ÅGrid Forming Battery Energy Storage 
Systems (GFM BESS)

ÅSTATCOM and option with Energy 
Storage (E-STATCOM)

ÅUPS isolation ς possible in future

ÅServer technologies

34

Mitigations and Reinforcements

Source: Tesla presentation to ERCOT LLWG

ÅNo silver bullet ς transmission of load behavior to utility and generator 
responses must be evaluated

ÅUtilities issuing load requirements that will require mitigations

ÅStudy coordinated system ς verify fault ride-through, etc.



5h9Ωǎ ƭŜǘǘŜǊ ǘƻ C9w/ ǿƛƭƭ ŘǊƛǾŜ quick and impactful actionΧ

Å[ƛƳƛǘ C9w/Ωǎ ǊƻƭŜ ǘƻ ǘǊŀƴǎƳƛǎǎƛƻƴ-connected loads, new loads >20 MW 
(flexible)

ÅStudy large loads and co-located generation together

ÅStandardize deposits, readiness, and withdrawal rules

ÅBase hybrid studies on requested injection/withdrawal rights

ÅRequire protection systems for hybrid facilities

ÅFaster studies for curtailable or dispatchable loads

ÅMake loads responsible for network upgrades they trigger

ÅDƛǾŜ ƭƻŀŘǎ ǘƘŜ ǎŀƳŜ άƻǇǘƛƻƴ ǘƻ ōǳƛƭŘέ ǊƛƎƘǘǎ ŀǎ ƎŜƴŜǊŀǘƻǊǎ

ÅStudy any generator suspension (to serve load) like an SSR/RMR case

ÅTransmission service based on actual withdrawal rights

ÅAncillary service charges tied to peak demand (no offsets)

ÅDefine a clear transition plan for ongoing studies

ÅEnsure utilities serving large loads meet NERC/OATT obligations, and 
ensure NERC reviews standards for possible new registration categories35

A Landscape to Be Made 



ryan.quint@elevate.energy
kasun.samarasekera@elevate.energy
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