}A
.
DYNAMIC MODELING REQUIREMENTS WHITEPAPER 1
>
®

POWER CONSULTING, PLLC

Navigating ISO/RTO Dynamic Modeling Requirements for
IBRs: A Comparative Analysis Across U.S. Markets

Mary Adams, Senior Power Systems Engineer, KLS Power Consulting PLLC

Maysam Radvar, Principal Power Systems Engineer, KLS Power Consulting PLLC

1. Executive Summary

The integration of inverter-based resources (IBRs) into the U.S. bulk power system has
introduced new challenges for accurate modeling and system reliability. This whitepaper
provides a comprehensive overview of steady-state and dynamic modeling requirements
across major ISOs and RTOs, highlighting the platforms used, evolving compliance
expectations, and recent industry trends toward more rigorous model validation earlier in
the interconnection process.

Key findings include:

¢ Increasing Complexity of Requirements: [SOs and RTOs are moving beyond
traditional modeling such as PSSE, PSLF, and TSAT-compatible files to require PSCAD
EMT models and TSAT files for inverter-based resources. These changes reflect
industry-wide efforts to improve reliability and transparency in dynamic modeling,
consistent with MOD-032 and MOD-033 requirements.

+ Earlier Model Quality Enforcement: Several regions now mandate or are
proposing comprehensive model validation, including voltage and frequency ride-
through and short-circuit ratio (SCR) sensitivity analysis prior to GIA signing.

¢ Benchmarking Across Platforms and Control Layers: Emerging standards
require cross-platform consistency, with models benchmarked against standardized
tests to ensure interoperability. This applies not only to benchmarking between
different software programs but also to comparisons between WECC second-
generation generic models and OEM-provided user-defined models (UDMs).
Additionally, PSCAD power plant controller (PPC) models, which are typically
provided by the PPC OEM rather than the inverter OEM, have been found to introduce
conflicting or overriding controls compared to inverter-level logic, creating further
challenges for accurate EMT representation.

Developers must adapt to these evolving requirements by investing in multi-platform
modeling capabilities and robust validation processes. They also need to stay up to date on
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[SO specific modeling requirements in their regions of interest as they ramp up to meet FERC
order 2023/901 and NERC alert mandates, as well as modeling challenges that are arising.

2. Introduction

The purpose of this whitepaper is to clarify evolving dynamic modeling requirements across
Regional Transmission Organizations (RTOs) and Independent System Operators (ISOs) in
the United States. Accurate and compliant modeling is essential for generator interconnection
and maintaining grid reliability.

This paper examines the major ISOs/RTOs, highlighting recent changes to modeling
requirements and the increasing emphasis on model quality earlier in the interconnection
process. It also identifies and explains relevant NERC Modeling (MOD) standards to provide
context for these changes. By outlining platform-specific expectations and compliance
nuances, this document aims to inform developers, consultants, and utilities on best practices
for meeting evolving modeling standards required by FERC and NERC.

3. NERC MOD Standards and Modeling Platforms

The NERC MOD standards for dynamic modeling were implemented between 2015 and 2017
to enhance the accuracy and reliability of power system models used in planning and
operations. These standards were developed in response to growing concerns that
incomplete or inaccurate models (especially inverter-based resources) could misrepresent
system behavior during disturbances. Each standard serves a distinct purpose, and all ISOs
must comply with MOD standards!2. These are required after a site hits COD and have
ongoing compliance expectations through the operational life of the generator. Table 1 below
highlights the three MOD standards of interest:

Table 1: Relevant MOD standards contributing to increased modeling requirements

Verification of Models and Data for Generator Excitation/Var Control
Functions & Turbine/Governor and Frequency Control Function

Detailed dynamic model submissions (generator, excitation, governor, PPC
models) for interconnection studies and planning cases

Biennial, documented validation of modeling accuracy against field events or
state-estimator data

MOD-032 and MOD-033 are foundational to the industry’s push for accurate and transparent
dynamic modeling, which is the core theme of this whitepaper. MOD-032 establishes
requirements for submitting complete and validated data for steady-state, dynamic, and
short-circuit studies, ensuring planning models accurately represent interconnected
facilities. MOD-033 complements this by requiring periodic validation of those models
against actual system performance, closing the gap between theoretical simulations and real-
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world behavior. These standards underpin the growing emphasis on early Model Quality
Tests (MQTs), cross-platform benchmarking, and EMT-level fidelity, formalizing the
expectation that models must be consistent across platforms such as PSSE, PSLF, PSCAD, and
TSAT while demonstrating proven accuracy through validation and benchmarking. Poor
dynamic model quality can have serious consequences for developers, including failed
commissioning tests that delay commercial operation dates(COD), costly restudy
requirements, and system reliability risks such as uncontrolled voltage swings or frequency
excursions during disturbances?2.

Equally relevant to model quality demands for generation owners is MOD-026-1/027-1,
which historically focuses on verifying dynamic models for generator excitation systems and
plant Volt/Var control functions, primarily for synchronous machines using positive-
sequence models. The newly proposed MOD-026-2 standard consolidates and expands these
requirements to include both voltage/reactive power and frequency/active power controls
for synchronous and inverter-based resources, introducing EMT modeling and protective
function verification. MOD-026-2 is currently under FERC approval, with implementation
expected to begin in 2026 and full compliance phased in by 2030. PJM’s recent update
requiring PSCAD models for MOD-026/-027 compliance is an early indicator of this shift
toward higher-fidelity modeling standards for voltage and frequency responses in IBRs?.214,

These MOD standards are met by submitting PSSE, PSLF, PSCAD, and TSAT models. These
simulation tools are briefly described in Table 2.

Table 2:Different Modeling Platforms Required To Meet MOD Standards

Positive Steady-state Widely accepted by ISOs/RTOs; Cannot capture  .raw,

Sequence  and dynamic strong dynamic model library;  fast inverter .dyr,
(Phasor) studies for controls or EMT .idv,
planning detail .seq
dlil
Positive Similar to PSSE, Handles large systems Same EMT .epc,
Sequence  usedin efficiently; necessary for WECC limitations as .dyd,
(Phasor) Western compliance in addition to PSSE.  PSSE .Swt
Interconnection Not required for Eastern IX
generators.
Positive Transient High-speed contingency Limited to .raw,
Sequence  stability screening; integrates with ISO phasor-domain  .dyr,
(Phasor) analysis for transmission planning tools dynamics .tsat
large grids
EMT Detailed Captures fast control IBR & PPC  Computation .psc,
(Electro- inverter-based  dynamics, LVRT, HVRT, FRT, heavy; small .out,
magnetic resource and harmonic studies. system focus .cfg

Transients) modeling
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4. Model Quality Testing Requirements & Recent Industry Updates

Recent regulatory developments, including FERC Order 2023/901 and the NERC Level 3
Alert345, have prompted Independent System Operators (ISOs) and Regional Transmission
Organizations (RTOs) to strengthen modeling requirements earlier in the interconnection
process. Although implementation timelines differ across regions, the underlying objective
remains the same: improving model fidelity and ensuring reliable system performance under
a wide range of operating conditions.

Model Quality Tests (MQTs), which were historically optional, are now increasingly
mandated (or proposed) during earlier stages of project development. These tests validate
dynamic model performance and parameter consistency across multiple simulation
platforms such as PSSE, PSLF, PSCAD, and TSAT to ensure alignment and interoperability.
Common MQTs include flat start validation, voltage and frequency step response, ride-
through capability for both low- and high-voltage and frequency conditions, and fault
response for balanced and unbalanced faults to confirm recovery dynamics. Performing these
tests across platforms mitigates discrepancies in control logic and parameter interpretation,
reducing risk during commissioning and operations.

A long-standing debate within the industry centers on whether WECC second-generation
generic library models or user-defined models (UDMs) offer the most accurate
representation of inverter-based resources (IBRs). Generic models offer standardization and
ease of validation but often fail to capture advanced control features, particularly for hybrid
plants and grid-forming technologies. UDMs, on the other hand, provide higher fidelity by
incorporating proprietary logic, yet they introduce challenges related to validation,
transparency, and cybersecurity. As a result, MQTs increasingly require benchmarking
generic models against UDMs and electromagnetic transient (EMT) representations to ensure
alignment across platforms. This trend drives a significant increase in the number of models
that must be developed, parameters matched, and submitted, adding complexity to
compliance workflows and reinforcing the need for robust quality assurance processes®t78.

Beyond MQTs, ISOs are introducing additional measures such as parameter verification
reports, hardware benchmarking against real test data, and model quality attestations at
commercial operation to confirm that site models accurately reflect installed equipment and
operational behavior. These requirements, which were historically optional, are now
becoming standard practice across many regions.

Although heading in the same direction, regional variations remain significant. For example,
ERCOT requires declaration of the power plant controller (PPC) vendor at interconnection.
This requirement was introduced to help identify potential conflicts between the PPC and
inverter control logic earlier in the project lifecycle. PSCAD power plant controller models
are typically provided by the PPC original equipment manufacturer rather than the inverter
manufacturer and have been found to introduce conflicting or overriding controls when
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combined with inverter-level logic in site models, creating additional challenges for accurate
EMT representation.

Figure 2 summarizes the latest ISO-specific updates, followed by detailed discussions of these
regional requirements. MISO and SPP are proposing to require Model Quality Tests (MQTs)
for upcoming interconnection cluster application submission requirements, ERCOT and
Southern Company already mandate MQTSs prior to Commercial Operation Date (COD), and
PJM is now mandating a modified MQT (PSCAD vs PSSE) as part of its post-COD MOD-026-2
submission materials.

Interconnection Model Company: Increasing Compliance Now Required
Requirements Model Quality Demands

al =0

¢ TSAT, PSSE, and PSCAD are all

_ +  MQT test already required at IX * MOD 026-2 (under review by
pr°P°Sf3d Ll reqt{lred app consisting of fault ride FERC, not approved yet) is
L through, voltage and frequency being implemented by PJM

e This |nclgddes benghmarklng ride through, and SCR tests. ez e
WECC 2" generationvs User + Additional requirements like * PSCAD modelresponse must
ge?neder&odels (UDMs) ERCOT requiring PPC declaration match PSSE for MOD
efore GiA. atIX app are being implemented. submissions.

Figure 2: Balancing authorities driving advanced modeling standards

MISO Specific Requirements

Historically, MISO required only PSSE dynamic models at the interconnection application
stage, with PSCAD EMT models mandated for select Transmission Owner regions prior to
Phase 2 of the Definitive Planning Process (DPP). In July 2025, MISO introduced a draft
revision to BPM015 Appendix G: Inverter-Based Resource (IBR) Modeling Requirements,
marking a significant shift in modeling expectations®.

Under the proposed framework, developers must provide a PSSE generic model, PSCAD EMT
model, and TSAT model, all benchmarked together using a standardized suite of 17 tests 10—
covering voltage and frequency ride-through, balanced fault response, and short-circuit ratio
(SCR) sensitivity—plus an additional PSCAD-specific test involving a phase angle change.
Following stakeholder feedback, MISO plans to remove the proposed requirement for PSSE
User-Defined Models (UDMs) at the interconnection application stage and instead enforce
this obligation at the Generator Interconnection Agreement (GIA) signing milestone.

To facilitate compliance, MISO has updated their interconnection portal and announced plans
to implement an automation tool that will streamline benchmarking and accelerate feedback
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to developers. However, adoption of the updated modeling requirements will proceed
independently of the automation tool’s deployment timeline.

SPP’s New Proposal Requirements

In November 2025, Southwest Power Pool (SPP) introduced significant proposed reforms to
its generator interconnection modeling standards, aimed at improving grid reliability and
aligning with evolving industry practices. These changes reflect a broader trend toward
enhanced modeling rigor for inverter-based resources (IBRs), similar to initiatives
underway at MISO. Under the November 2025 proposal, Interconnection customers are
now required to submit a complete dynamic modeling package at the time of request,
including generic library and UDM models in PSSE and TSAT, as well as detailed EMT
models in PSCAD. These models must accurately represent plant-level controllers, inverter
inner control loops, and protection logic, eliminating the use of generic placeholders.
Additionally, SPP mandates a Dynamic Model Quality and Performance Report to ensure
consistency across platforms.

Compared to MISO’s phased approach, SPP proposes front-loading all model deliverables at
the request stage, signaling a more aggressive timeline for compliance. These requirements
are still under review by working groups, but implementation is expected in late 202611

Southern Company specific requirements

Effective March 7, 2025, Southern Company updated its Model Submittal Requirements to
mandate the submission of three distinct simulation models prior to the Facilities Study,
following completion of the System Impact Study, in their interconnection cluster process.
These models include a PSSE generic library model, a PSSE user-developed model (UDM),
and a PSCAD model. These requirements include performance tests for all models, covering
initialization, balanced fault ride-through, small voltage and frequency disturbances (SVD
and SFD), voltage/power-factor and active power step responses, high- and low-voltage
ride-through (HVRT and LVRT), high- and low-frequency ride-through (HFRT and LFRT),
short-circuit ratio (SCR) evaluation, protection verification, and reactive power capability.
For PSCAD-specific models, additional tests address unbalanced fault conditions and phase
angle shift scenarios. These changes also highlight the continued debate over whether
generic WECC second-generation models or user-defined models (UDMs) should be used
and aim to understand how closely they align in response to these simulated tests!2.
Southern company has the earliest due date of the entities evaluated for MQT tests
currently implemented (in relation to how close it is due to COD)

ERCOT Specific Requirements

ERCOT remains the only balancing authority that currently requires TSAT models at the
interconnection stage for sites utilizing user-defined models (UDMs) during interconnection
studies. ERCOT also already requires an MQT assessment as part of a project's entry into the
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quarterly stability assessments (QSA), which must be completed 2-5 months before
synchronization. In September 2025, ERCOT introduced several new requirements aimed at
improving model fidelity and alignment with field performance.

Dynamic models submitted during the Full Interconnection Study (FIS) and QSA must now
accurately represent Power Plant Controller (PPC) behavior, including non-zero
communication delays and realistic reactive power control settings. Resource Entities are
required to declare the PPC vendor and model early in the interconnection process, as any
changes after submission may trigger restudy obligations. This brings special attention to
potential discrepancies between PPC logic from their PPC vendor and the inverter OEM
logic files. ERCOT also expects pre-validation of Automatic Voltage Regulator (AVR) and
Primary Frequency Response (PFR) tuning to minimize commissioning delays and ensure
consistency between models and actual plant behavior.

Additionally, updated dynamic model templates with expanded required fields must be
used for all submissions to improve transparency, standardization, and support ERCOT’s
automation initiatives13.

PJM Specific Requirements

As of July 17, 2025, PJM requires Electromagnetic Transient (EMT) models developed in
PSCAD for all inverter-based resources (IBRs), including solar and battery energy storage
systems, as part of MOD-026 and MOD-027 compliance. These EMT models must be fully
validated and submitted alongside traditional PSSE models. PJM mandates benchmarking of
PSSE and PSCAD models against field test data to ensure fidelity.

The updated submission process requires generator owners to provide EMT models,
dynamic (.dyr) and steady-state (.raw) files, signed laboratory test reports, and single-line
diagrams through PJM’s Planning Community portal. To support compliance, PJM strongly
recommends performing nine Model Quality Tests—including fault ride-through, frequency
response, and parameter sensitivity checks—within PSCAD prior to submission. These
measures aim to improve transparency, reduce modeling discrepancies, and ensure
alignment with real-world performance under the new MOD-026-2 standard?4.

7. Discussion

The evolving modeling landscape reflects a fundamental shift in how [SOs and balancing
authorities approach interconnection studies for inverter-based resources (IBRs) and
continued dynamic model compliance. Historically, dynamic model validation was largely a
post-commissioning exercise, but recent regulatory drivers, such as FERC Order 901 and
NERC'’s Level 3 Alert, have accelerated requirements earlier in the project lifecycle. Model
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Quality Tests (MQTs), once optional, are now central to compliance, ensuring cross-
platform consistency between phasor-domain tools like PSSE, PSLF, and TSAT, and EMT
platforms such as PSCAD.

A key driver behind these changes is the need for higher-fidelity models that accurately
represent plant-level controllers, inverter inner control loops, and protection logic. Many
[SOs now are beginning to propose benchmarking WECC 2rd generation generic models
against user-defined models (UDMs), leading to even more software model files that need to
be organized, have control and protection parameters match, and simulation responses
agree with each other. The MQT requirements aim to close gaps between modeled and
actual system behavior, reducing the risk of instability during disturbances. As a result,
developers must invest in detailed modeling and validation processes much earlier in the
interconnection timeline.

The implications for developers and OEMs are significant. Compliance now demands not
only multiple model formats but also rigorous verification through Parameter Verification
Reports (PVRs), hardware benchmarking, and attestations of model quality to be able to
bring a site online. This introduces new challenges in resource allocation, coordination with
equipment vendors, and maintaining alignment between evolving plant configurations and
submitted models. Failure to meet these standards can lead to delays, restudies, or even
project cancellations, making proactive engagement with ISO requirements a critical
success factor.

Looking ahead, these reforms signal a future where automation, transparency, and
continuous model updates will become standard practice. ISOs are exploring automated
benchmarking tools to streamline compliance, while industry working groups continue to
refine templates and reporting protocols. For stakeholders, this shift represents both a
challenge and an opportunity: while the upfront effort is greater, improved model fidelity
enhances grid reliability and positions projects for long-term compliance if you can stay
organized.

With the evolving landscape in mind, the figure below shows a general timeline of when these
steady state models can be expected as well as when model updates may be needed or are
required across PRC or MOD standards in an IBR generator’s life:
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Interconnection Construction COD & Post-COD  Existing Sites

Phase Phase
EXEMPTION
V =
[
* PSSE/PSLF steadystate * PRC-028disturbance « Final dynamic model «  Exemption eligibility
& dynamic models monitoring setup submissions per assessment for new
« PSCAD EMT simulations + PRC-029-1 utility/ISO guidelines modeling standards
* TSAT simulations per HVRT/LVRT & = MOD-025/-026/-027 « Updates on new
ISO/utility requirements OFRT/UFRT settings testing and reporting requirements
* Benchmarking all these and validation in EMT « MOD-032 validation «  Updating models
models together(MQT software and reports with control or
reports) * Recordkeeping as-- » MOD-033validation

. equipment changes
left settings within 5 years of COD

Figure 1: Dynamic Model Compliance Roadmap

8. Recommendations & Conclusion

To navigate the increasingly stringent modeling requirements, developers should adopt a
proactive compliance strategy that integrates detailed model development and validation
early in the interconnection process. This includes preparing multiple model formats such
as PSSE(and/or PSLF), TSAT, and PSCAD EMT along with comprehensive Model Quality
Tests (MQTSs). After interconnection, when the site reaches COD and parameter verification
reports come into play, engaging OEMs to secure that latest and greatest accurate plant-
level control logic and protection settings is essential, as is benchmarking models against
field test data to ensure fidelity and ride through performance is compliant. Establishing
internal workflows for automated testing and version control will help mitigate delays and
reduce the risk of restudies triggered by model discrepancies.

Looking forward, stakeholders should view these reforms not as a burden but as an
opportunity to enhance reliability and streamline project execution to ultimately lead to
less work later on. Investing in detailed and correct models upfront allows any changes to
be easily made as they happen. By prioritizing transparency, continuous model updates, and
early alignment with ISO protocols, organizations can minimize compliance risks while
contributing to a more resilient and stable grid in an era of high inverter-based resource
penetration.
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