
Study Basics for the New 
Power System Paradigm



Brief Stop for Terminology 

• Electromagnetic Transient or “EMT” are the terms 

that will be used when discussing electromagnetic 

transient models, domain, studies, etc.

• Positive Sequence Phasor Domain (PSPD) is the 

term that will be most commonly used throughout this 

training course and is a consensus term used in the 

IEEE 2800 series of standards and can also be referred 

to as:

▪ RMS

▪ Positive sequence

▪ Transient stability 

▪ Phasor domain

▪ Many more 
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Why Are Power System Studies Performed?

In a perfect world: Represent the system 

behavior before it happens

• Accurate modeled representations are 

critical

▪ Study results are only as good as their 

inputs

• Grid reliability depends on the ability to 

represent, understand, and mitigate 

changing grid characteristics

• Energy affordability is linked directly to 

study accuracy

▪ Inaccurate models are neither 

conservative nor optimistic
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What is the Current Study Paradigm?

• Disparate interconnection and planning requirements and processes

▪ The North American power system has diverse electrical characteristics

▪ The grid is “transforming” differently everywhere

▪ Difficult to determine what the best practice (or sufficient practice) is

• Heavy reliance on Standard Library (or generic) models for reliability studies

▪ In much of North America, Standard Library models are required with manufacturer-

specific models either not allowed or disincentivized (FERC Order 2023 can help)

▪ Against NERC, FERC, and MMWG Guidance

• Strong focus on speed and cost

▪ Less focus on reliability

▪ Recommended practices are not being implemented (read the IBR-related NERC 

Alerts)
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https://www.ferc.gov/media/order-no-2023
https://www.nerc.com/programs/bulk-power-system-awareness/alerts/2025
https://www.nerc.com/programs/bulk-power-system-awareness/alerts/2025


The Current Paradigm Isn’t Working

Adapted from NERC Ridethrough Technical Conference, 

Sep. 4 2024

Reliability improvements begin with understanding the 
results of the current paradigm:

• 10 major disturbances published by NERC since 

2016

▪ Totaling ~15,000 MW

▪ These are not ALL events, just those classified in 

NERC procedure for mandatory release

• None of the affected facilities in any of these 

published reports had models which accurately 

reflected actual performance

• Four additional events in 2024 totaling ~3200MW

• EMT can’t close these gaps without an overhaul 

in study and modeling mindset
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https://www.nerc.com/pa/Stand/Documents/Technical Conference Details_Agenda_Bios_Presentations_Transcripts.pdf
https://www.nerc.com/pa/Stand/Documents/Technical Conference Details_Agenda_Bios_Presentations_Transcripts.pdf
https://www.nerc.com/pa/Stand/Documents/Technical Conference Details_Agenda_Bios_Presentations_Transcripts.pdf
https://www.nerc.com/pa/Stand/Documents/Technical Conference Details_Agenda_Bios_Presentations_Transcripts.pdf
https://www.nerc.com/globalassets/our-work/reports/event-reports/ibr_disturbances_wi_20251105.pdf


The Current Paradigm Isn’t Working

“This report shows that the voluntary recommendations set forth in NERC Guidelines and other publications 
are not being implemented.”

-Inverter-Based Resource Performance Issues Report, NERC, November 2023

• Planning a reliable power system depends on accurate modeling of the system and resources 

connected to it. This includes accurate modeling of IBR performance, as well as protections or 

other functions that may take the IBR offline

Adapted from: NERC 2022 Odessa Disturbance 

Report
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https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_Inverter-Based_Resource_Performance_Issues_Public_Report_2023.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_Inverter-Based_Resource_Performance_Issues_Public_Report_2023.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_Inverter-Based_Resource_Performance_Issues_Public_Report_2023.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_2022_Odessa_Disturbance_Report (1).pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_2022_Odessa_Disturbance_Report (1).pdf


Why is Modeling IBR So Hard (in general)



Why is Modeling IBR So Hard (in North America)

Source: Vestas

Interconnection and planning requirements in North 
America do not allow or disincentivize the use of the 

representative models

• Vendor equipment-specific models are not allowed to be 

submitted or are disincentivized with extra scrutiny and 

costs in most interconnections

▪ This is out of alignment with the NERC Dynamic 

Modeling Recommendations and FERC Order 2023

• Manufacturers of IBR equipment do not recommend the 

use of generic or standard model library models to do 
site-specific or reliability studies

▪ Standard library and generic models are fine for long 

term, research, or representing machines far from 

▪ All but a small handful of the plants affected in the NERC-

reported disturbances used generic models

• Developers are not often willing to do perceived “extra” 

work that could jeopardize interconnection date 8

https://www.nerc.com/comm/RSTC/IRPS/IRPS_Meeting_Presentations-2024-02-15.pdf
https://www.nerc.com/pa/RAPA/ModelAssessment/Documents/Dynamic Modeling Recommendations.pdf
https://www.nerc.com/pa/RAPA/ModelAssessment/Documents/Dynamic Modeling Recommendations.pdf
https://www.ferc.gov/media/order-no-2023


The Modeling Paradigm Needs Change (Rapidly)

• Modeling IBR is extremely different than modeling synchronous machines

▪ Modeling synchronous machines is “easy”

• Grounded in physics of spinning masses

• Relatively simple and highly standardized controls

• Extremely mature technology

▪ Modeling IBR brings significant challenges

• Performance is almost entirely software-based

• Complex, not standardized, and often patented control schemes make generic modeling 

vastly insufficient
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The Current Paradigm Makes Sense

• Manufacturer-specific User-defined models deserve their reputation 

▪ In the mid 2010’s UDM were plagued with:

• Poor documentation

• Poor performance (in simulation software i.e. memory leaks)

• Inaccuracy (in representing their products)

▪ This was almost every TSO’s first experience with UDM

• These same people are likely in leadership roles now

• Industry developed standard library models (i.e. WECC Generic) were a reaction

▪ Industry needed some way to represent IBR and OEM models were insufficient

▪ Generic models were developed with OEM input but this input was misconstrued

▪ Generic models are being misused as part of common and tariff-directed practice

• The manufacturer-specific standard library experiment has failed
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Much Has Changed

• Major improvements in the model space driven by international grid codes

▪ The rest of the world has recognized this problem and have come up with different 

solutions

• Model accuracy and validation requirements with high bar for accuracy and model quality

• Model usability requirements

• Model quality requirements

• Open-sourced model code

• High-quality generic models with “hooks”

• Standardized interfaces (wrappers) for real-code models

• Most all of the technical roadblocks for proper modeling in North America have 

technical solutions in practice internationally

• In order to unlock full capabilities for IBR and ensure reliability, accurate modeling is 

paramount
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What Does NERC Say?
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Source: NERC

https://www.nerc.com/globalassets/programs/rapa/dynamic-modeling-recommendations.pdf
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https://www.nerc.com/globalassets/programs/rapa/dynamic-modeling-recommendations.pdf
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https://www.nerc.com/globalassets/programs/rapa/dynamic-modeling-recommendations.pdf
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https://www.nerc.com/globalassets/programs/rapa/dynamic-modeling-recommendations.pdf


What Does NERC Say?
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https://www.nerc.com/globalassets/programs/rapa/dynamic-modeling-recommendations.pdf


Intersection of Recommendations and Reality
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Source: NERC

• Why should I follow these 

recommendations when:

▪ I don’t have to

▪ I have high profile 

interconnection deadlines

▪ More complexity means more 

time and money

• How can I follow these 

recommendations when:

▪ I don’t know what equipment I 

will use

▪ I don’t know final parameters

▪ I don’t have a representative 

model

https://www.nerc.com/globalassets/programs/rapa/dynamic-modeling-recommendations.pdf


Model Types and Simulation Domains

• Model type considerations (Standard Library/Generic vs. User-defined/Manufacturer-specific) 

remain regardless of simulation domain

• A poorly constructed EMT model is just as ”wrong” as a poorly constructed PSPD model

▪ At both the manufacturer and end-user level

• Just because a model is provided in the EMT domain doesn’t mean it is inherently accurate

▪ Similarly, PSPD models aren’t insufficient by virtue of simulation domain

▪ It is possible for significant overlap between the accuracy of “good” PSPD models 

compared to manufacturer-specific EMT models and actual product performance

• Enhancements to PSPD modeling in addition to an increase in EMT requirements, 

studies, and understanding is essential for a reliable grid transformation

▪ Enhancements to PSPD modeling can help close reliability gaps as EMT knowledge builds
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Capturing Known Issues by Simulation 
Domain

Adapted from: NERC 

2022 Odessa Disturbance 

Report

• The current modeling and study 

paradigm is phasor domain and 

steady state driven and leaves gaps

• EMT simulations can represent 

many of the causes of reduction that 

are not possible in phasor domain 

simulations
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Why not EMT for everything?

• Grid reliability needs

• Simulation differences

• Process and technological limits

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_2022_Odessa_Disturbance_Report (1).pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_2022_Odessa_Disturbance_Report (1).pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_2022_Odessa_Disturbance_Report (1).pdf


Grid Reliability is More Than Ridethrough

• NERC disturbance reports tell the very last 

chapter of the story

▪ Easy to categorize all risks as ridethrough

• Normal operation controls and plant response 

to small disturbances is also critical

▪ These often do not “need” and EMT model

▪ Requires high quality PSPD models

• Normal and abnormal (ridethrough) operations 

require both control systems to work as 

intended and hand off

▪ EMT simulations are required to help 

mitigate some reliability risks but are 

excessive for others
20Adapted from: NERC 2022 Odessa Disturbance Report

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_2022_Odessa_Disturbance_Report (1).pdf


Reliability Need: Maintaining System Voltage 
and Frequency

• Maintaining system voltage and frequency is critical for power system reliability:

▪ Power quality

• Ensuring quality is sufficient to minimize adverse effects

▪ Ridethrough and normal operations

• Keeping system frequency and voltage within specified bounds is essential for 

“normal operations”

• Remaining near nominal quantities provides extra “margin” during system 

disturbances

• In system steady state (normal operation) slow controls take precedence

▪ Automatic voltage regulation or primary frequency response, for example

• In system dynamic state (abnormal operation) fault ridethrough and fast controls take 

precedence

21

There are many 

other reliability 

needs!



Active Power Controls at 30,000 ft
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• Active Power Setpoint Change

▪ Active power reference signal is input into the controller, and the controller moves to the 

new setpoint

• Response to grid frequency disturbance

▪ Primary Frequency Response

• Immediate and proportional change in active power injection in response to frequency 

disturbances – should move in grid-stabilizing direction

▪ Fast Frequency Response*

• Similar to PFR in that active power injection will change in response to frequency 

disturbances 

• Acts on significantly faster timeframes to PFR. Capable of providing full response 

in ~30 cycles



Reactive Power Controls at 30,000 ft
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• Reactive Power Setpoint

▪ Reactive power setpoint is given to the controller, and the reactive power injection moves 

to that setpoint

• Power Factor Setpoint

▪ The plant operates at one specified power factor at all times. Reactive power varies with 

active power 

• Automatic Voltage Regulation

▪ Changes reactive power injection as a function of voltage. 

▪ Can be open or closed loop controllers

• Open loop controllers do not incorporate any feedback 

• May be unstable in most grid conditions

• Closed loop controllers incorporate feedback to minimize large swings in output and 

controller interactions



Ridethrough Controls at 30,000 ft
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• Ridethrough Modes:

▪ Occurs when measured voltage crosses a high or low threshold (outside of “normal”)

▪ Controls operate significantly faster than “normal operation” controls

• Primary purpose is to protect equipment while maximizing grid connection stability

• Detailed considerations:

▪ At the extremes of both equipment capability and simulation methods

• Very fast and high magnitude changes in simulation quantities

▪ Requires “hand off” between power plant controller and individual inverters

▪ Sampling time, communication delays and protocols, and actual equipment limits 

dramatically change performance

▪ The differences between EMT and PSPD emerge clearly in ridethrough analysis



Key Takeaways
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• The modeling and study paradigm must 

change to maintain reliability through the 

grid transition

• There is significant room for improvement 

within current practices

▪ Requires practice above the compliance 

”floor”

▪ Can be good practice to hone 

fundamentals needed for EMT analyses

▪ Important not to let the next new thing 

hinder mastery of the current state of the 

art



Key Takeaways
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• PSPD simulations will remain a mainstay in reliability studies 

▪ Computational burden

▪ Lack of EMT models for many grid-connected resources

▪ Not all studies need EMT

• Verifying performance of automatic voltage regulation can be performed in PSPD while a 

sub-synchronous oscillation study must be performed in EMT

• ”Over engineering” is a real concern

▪ Engineering first instinct is to model all details possible

▪ What study is being performed, for what reason, time, and cost should inform 

simulation domain

• Efficient mitigation of current reliability issues requires a thorough understanding of 

both PSPD and EMT domains

▪ This understanding will inform engineering judgment
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