
Studying the New Power 
System Paradigm



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

• Motivations for IBR interconnection are not aligned 
with grid reliability

• Current regulatory structure promotes disparate, 
misaligned, and sometimes confusing requirements 

• Stakeholder-driven processes fail to produce sufficient 
technical minimum requirements

https://www.nerc.com/pa/Stand/Documents/Technical Conference Details_Agenda_Bios_Presentations_Transcripts.pdf
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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


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

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_Inverter-Based_Resource_Performance_Issues_Public_Report_2023.pdf
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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_2022_Odessa_Disturbance_Report (1).pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/NERC_2022_Odessa_Disturbance_Report (1).pdf


What’s so Different - Technology

Adapted from: NERC’s An Introduction to Inverter-Based Resources on the 

Bulk Power System
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What’s so Different - Technology

Adapted from: NERC’s An Introduction to Inverter-Based Resources on the 

Bulk Power System

• Software-based IBR add significantly more 
complexity and uncertainty in both 
performance and modeling

▪ Need to view IBR performance and 
modeling with a software-development lens

▪ IBR have significant performance flexibility 
dictated by software parameters

▪ Renewable technology is relatively immature 
and has not been standardized 

▪ Efforts are being made to standardize 
IBR performance but intellectual 
property and patents are large 
roadblocks

▪ Continuity of data and change management 
is critical throughout the lifecycle of the IBR 
plant

https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf
https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf
https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf
https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf


What’s so Different - Technology

Adapted from: NERC’s An Introduction to Inverter-Based Resources on the 

Bulk Power System

• Little or no “inertia” and low fault current 

contribute to the “weakening” of the power 

system

▪ Advanced grid services can help IBR operate at 

these weaker, or islanded operating points

• Much of the current power system has been 

designed, planned, and operated with the 
assumption of significant inertia and fault current

• Changes in inertia and fault current have ripple 

effects for:

▪ Protection design and operation

▪ Automatic voltage and frequency control

▪ Emergency power system operations (i.e UFLS)

▪ Standardization of performance and requirements

https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf
https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf
https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf
https://www.nerc.com/pa/Documents/2023_NERC_Guide_Inverter-Based-Resources.pdf


What’s so Different – Process and Stakeholders

Synchronous 
Paradigm

Often developed by engineering firms with 
engineering staff

Reliability standards are the minimum

Detailed plant information easier to obtain

Detailed information available sooner in the 
process

Differences between studied and real 
performance typically smaller

As-built information for modeling is easier to 
obtain

Significantly more "operational awareness"

IBR 
Paradigm

Often developed by non-engineering firms 
without engineering staff

Reliability standards are the maximum

Detailed plant information more difficult

Detailed information may not even be 
available during the interconnection process

Higher likelihood of large discrepancies in 
studied and actual performance

Sometimes difficult to obtain as-built 
information

Less "operational awareness"



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 

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

work that could jeopardize interconnection date

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 has Changed (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



The Modeling Paradigm has Changed (Rapidly)

• 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



The Modeling Paradigm has Changed (Rapidly)

• 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

• Open-sourced model code

• High-quality generic models with “hooks”

• Standardized interfaces (wrappers) for real-code models

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

• Most all of the 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



Small Detour Into Steady State Modeling: 
Aggregation

• Aggregation is incredibly 

important…. and incredibly 

contentious!

▪ Disaggregated models aren’t 

used in large planning cases

• Can be essential for reliability 

(and economically prudent) for 

design evaluation studies

▪ Some IBR technology types and 

layouts benefit much more than 

others

Source: NERC

https://www.nerc.com/globalassets/our-work/reports/white-papers/prc-024_ibr_white_paper.pdf
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Considerations For Aggregation

• Not every IBR facility or technology type gain substantial benefits from disaggregated 

studies

▪ IBR technologies with small (short) collector systems see limited benefits

• Making both an aggregated and disaggregated steady state model is easier than it sounds

▪ Many common practices involve building some sort of disaggregated representation as part of 

the aggregate model build

• Simulation domain and study purpose matters

▪ Massive considerations for compute time when considering EMT

▪ Not all assessments benefit from being performed in the disaggregate

• Potential benefits of disaggregated study work (keeping in mind the above)

▪ Demonstrate partial tripping and actual ridethrough capability (major observation from NERC 

event reports)

▪ Site reactive power compensation sizing and capability

▪ Working with voltage-dependent IBR technologies



Aggregation Examples

Source: NERC

(...) it can be observed that the 

difference in voltage drop between the 

two extreme IBR units can be 

significant. - NERC

https://www.nerc.com/globalassets/our-work/reports/white-papers/prc-024_ibr_white_paper.pdf
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Generic Standard Library and Equipment-
Specific Modeling – Thought Examples

Task: Paint a picture of a vehicle

(represent an IBR plant in general)

Generic or Standard 
Library Model

Equipment Specific 
Model
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Generic Standard Library and Equipment-
Specific Modeling – Thought Examples
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Equipment Specific 
Model
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Generic Standard Library and Equipment-
Specific Modeling – Thought Examples

Task: Paint a picture of a Mercedes sedan

(represent an IBR plant of a specific type by 
a specific manufacturer)

Generic or Standard 
Library Model

Equipment Specific 
Model
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Generic vs. Equipment Specific – Real World 

Vestas Case Study – Comparing Models Used in the Planning and Interconnection Process to Site-Specific 
Equipment-Specific Models 

Source: Vestas

The ”Standard Lib” represents NERC MOD validated 

models used in current reliability processes

https://www.nerc.com/comm/RSTC/IRPS/IRPS_Meeting_Presentations-2024-02-15.pdf


Why is IBR Modeling Detail So Important?

• The power system is evolving rapidly, and the current stability 
margin is being reduced by current IBR interconnection and 
planning processes

• Transmission enhancements are on a significantly slower time scale 
than IBR interconnections

• IBR have significantly underutilized capabilities 

▪ Enabling these capabilities (which are only available in equipment-
specific models) is essential to the efficient use of the current power 
system and to inform efficient future grid enhancements

• Utilizing “advanced” IBR capabilities will be essential to maintaining 
grid reliability and avoiding erroneous transmission upgrades

• Reliance on generic and standard library models ensures that 
interconnection and planning studies will always be wrong when 
compared to actual performance

▪ “Wrong” in this case is neither conservative nor optimistic

▪ Generic and standard library models give both false positives and 
negatives



What is Being Underutilized?

Reactive Power 
Capability

Primary 
Frequency 
Response 
Capability

Advanced 
Frequency 

Control 
Features

Advanced 
Voltage Control 

Features

Weak Grid 
Support 
Features

Federal Regulatory 

Impediments
Generic Model 

Limitations



Federal Regulatory Impediments – An Example

Language with unexpected interpretations in FERC 
Order 827 limits reactive power capability 

▪ FERC Order 827 states to “(…) maintain a composite power 

delivery at continuous rated power output at the high-side of 

the generator substation within the range of 0.95 leading 
and 0.95 lagging, unless the Transmission Provider has 

established a different power factor range (…)”

▪ This is similar, but not identical, to the IBR operating points 

that contributed to the Iberian blackout

▪ IBR were operated at a fixed power factor 

▪ No matter the grid condition, the plant will 
deliver a fixed reactive power for a given 
active power

▪ FERC Order 827 dictates a power factor limited 
operation

▪ The direction of reactive power (leading or 
lagging) may change, but is still limited to +/- 
0.95

NERC Level 2 Alert data shows 35% of the currently 
installed IBR are operating in this limited mode



Grid Forming Inverters – Added Complexity to 
an Unprepared Paradigm

▪ Grid forming inverters are extremely similar to 
grid following inverters

▪ Grid forming controls add complexity on top of 
the complexity of studying and planning grid 
following resources

▪ Industry shows evidence of reliability issues 
tied to grid following, these may exacerbate 
with grid forming

▪ Integration of grid forming technology in North 
America is disjointed

▪ Little to no Federal guidance on whether to 
require, incentivize, or even integrate GFM

▪ Every battery energy storage resource that is 
connected without grid forming capabilities 
increases the opportunity cost of adding it later

▪ Many BESS can implement GFM with 
simple software changes

▪ Not every IBR needs to be GFM

Reliability 

Consideration
Grid Following Grid Forming

Technology 

Maturity

Immature compared 

to synchronous

Immature compared to 

GFL

Software-based
Susceptible to IBR performance and 

ridethrough issuesPower Electronic-

Connected

Model Parameters Similar complexity and difficulties

Grid Impact ”Passive” grid participant “Active” grid participant

Modeling and Study 

Risks

Insufficient accuracy can 

lead to self tripping of an 

IBR and cause local 

reliability issues

In addition to GFL, 

insufficient accuracy can 

create improper 

references and control 

interactions



Grid Forming vs. Grid Following – In Depth

▪ Grid forming is a spectrum

▪ Different methods for 
implementing GFM

▪ Virtual synch machine
▪ Droop control



How does GFM Help – Operating Example

▪ Grid forming controls provide extremely fast response times
▪ These are controlled responses, even in extreme grid 

conditions
▪ Can stabilize weak grids or provide voltage and 

frequency references in the absence of synchronous 
machines

▪ If there is sufficient additional energy (like in BESS) these 
stabilizing responses can sustain for long periods of time

▪ Kapolei Energy Storage:
▪ Response to extreme underfrequency disturbance
▪ Plant responded within 250ms to arrest the frequency 

drop
▪ Sustained this grid forming response for 30 minutes 

while the system recovered



How to unlock GFM – Need to Break the Cycle



How to unlock GFM

▪ Need to move with urgency

▪ System operators need to clearly define what they want and need from 
GFM resources

▪ Studies defining quantitative needs are not currently widespread
▪ System operators have difficulty mandating the interconnection 

of GFM

▪ Specification and details for how system operators will test for and 
confirm performance are necessary ASAP

▪ Few system operators currently have GFM testing specifications 

▪ Manufacturers take these grid needs, and develop equipment that can 
meet the grid needs and system operator requirements

▪ Little to no international guidance on GFM performance 
specifications

▪ Adds extreme difficulty when procuring resources to develop 
new technologies

We are here



Conclusions

▪ Major events comprised of unexpected IBR tripping show that the 
current modeling paradigm is insufficient

▪ Many of the modeling challenges have solutions internationally

▪ There is strong best practice available for IBR modeling in North 
America

▪ This best practice is often at odds with current regulatory 
processes

▪ Regulatory processes need enhancements to allow stakeholders to 
perform best practice

▪ Process enhancements must have strong industry consensus technical 
foundation (i.e. IEEE 2800-2022, P2800.2, etc.)

▪ Stakeholder driven processes need enhancement to prevent gaming, 
lobbying, and misinformed comments and ballots

ERO Members -- 

Transmission 

Owners

NERC FERC

Regulatory enhancements are needed to close gaps and 
enhance North American system reliability



Conclusions

Modeling IBR is hard, data and evidence shows the current paradigm is insufficient, and logic continues that 
added complexities of GFM will exacerbate these insufficiencies

▪ Grid forming inverters have many of the same reliability issues as 
discussed for GFL in numerous NERC disturbance reports

▪ There is insufficient understanding of how much GFM is needed, 
where it is needed, and what types of GFM resources can be connected

▪ There are not many incentives for installing GFM resources

▪ Grid forming resources are very important to high renewable 
penetration goals

▪ There are significant lessons that can be learned from GFL mistakes

▪ Standardization efforts are underway (much sooner than for GFL)

ERO Members -- 

Transmission 

Owners

NERC FERC
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