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Introduction
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Introduction

• EMT models are used to demonstrate compliance with interconnection and 
dynamic performance standards (e.g., LVRT, HVRT, FRT).

• They are often the only practical tool for observing, configuring, and tuning 
plant response to large disturbances—especially ride-through behavior.
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Introduction

• For owners and developers: A model that is not properly developed and 
tuned can lead to costly delays in interconnection approval.

• For grid operators: A model that “passes” but does not reflect real plant 
behavior creates a false sense of compliance—and a real risk to grid 
reliability
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Roles and Responsibilities
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Roles and Responsibilities

Defines performance and 
compliance tests and criteria.

Grid Operator

Provides EMT model and tuning 
support. 

OEM

Performs simulations, 
identifies gaps, and refines 
models. 

Consultant
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Roles and Responsibilities: Grid Operators

• ISO-NE
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Roles and Responsibilities: Grid Operators

• ERCOT
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Roles and Responsibilities: OEMs

• Provide EMT unit-level models.

• Equipment Configuration – Who Sets the Parameters?

• Default settings aligned with grid requirements/industry standards.

• Site-specific parameters.
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Roles and Responsibilities: Consultants

• Build plant-level EMT models

• Run compliance studies and 
tune models to meet 
requirements

• Flag non-compliance when 
issues cannot be resolved by 
tuning—findings may lead to 
OEM model fixes or firmware 
updates

Compliant

Equipment or design 
limitations.

Non-Compliant

Compliant in model 
but not in field.

False Compliance

The model passes and 
is accurate
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Challenges & Risks
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EMT-Based Compliance: Challenges & Risks

• Tension between requirements: tuning for one requirement may cause the 
model to fail another.

• Equipment and project design limitations: not all inverters, turbines, or PPCs 
can meet every grid requirement.

• Model assumptions and simplifications: can lead to false compliance. 

• Black-box models: require iterative testing and expert judgment to uncover 
control issues and interpret unexpected behavior.



14

Challenges & Risks: Tension Between Requirements

• ERCOT: low voltage ride-through (reactive vs active current)
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Challenges & Risks: Tension Between Requirements

Common Inverter VRT Logic: Pre-fault Reactive Current Considered (Iq = Iq0 + K∆V)
K=3 K=4

Lagging

Leading
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Challenges & Risks: Equipment Limitation

• ERCOT: high voltage ride-through 
(reactive power)

• Projects with Cap banks?
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Challenges & Risks: Equipment Limitation

• ERCOT: high voltage ride-through 
(reactive power)

• Projects with Cap banks?

• Improve inverters ride-through control 
(schedule constraints)

• Trip Cap banks
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Challenges & Risks: False Compliance

• EMT models may falsely show compliance if they 
omit or simplify dynamics, e.g., discrete updates or 
communication delays.

• EMT models show fast, smooth responses

• Actual control system may lag or destabilize

• Same PPC, two EMT model revisions. The latest 
revision includes a new parameter: “inverter write 
rate.”
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Challenges & Risks: False Compliance

• Minor simulation details (e.g., fault inception time or inverter model 
representation) can change compliance outcomes.

Full switching model Average model

Fa
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ns
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nt

SCR=10→5 → 3 → 1.5 → 1.2
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Challenges & Risks: False Compliance

• Model uses local Q(V) control; on-site 
inverters follow PPC Q commands.
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Challenges & Risks: Black-Box Models

• Bugs or errors may appear as: 

• Unexpected responses.

• Non-physical behavior.
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EMT vs RMS: Implications for 
Model Tuning
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EMT vs RMS: Implications for Model Tuning

• RMS models are still the primary tool for large-scale planning and 
interconnection studies.

• Benchmarking EMT vs RMS helps:

• Identify limitations of RMS models (especially generic models)

• Improve confidence in system-wide RMS studies
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EMT vs RMS: Implications for Model Tuning

Site PPC

REPCA: Generic PPC Model
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EMT vs RMS: Implications for Model Tuning

Site PPC

REPCA: Generic PPC Model
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EMT vs RMS: Implications for Model Tuning

Site PPC

REPCA: Generic PPC Model
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Conclusion
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Conclusion

• Project compliance matters—it is essential for ensuring grid reliability.

• EMT models are the primary tool for demonstrating compliance, so accuracy 
matters just as much as tuning to pass performance tests.

• But getting there (an accurate and compliant model) is not always 
straightforward—resolving modeling challenges takes close collaboration 
among consultants, OEMs, grid operators, and project developers.
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Thank You!
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