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• Voltage and frequency ride-
through req’s

• Small disturbance response req’s
• Large disturbance dynamic 

response req’s (current injection, 
active power recovery, etc.)

• Curves aligned with IEEE 2800-
2022; technical details not 
included

• Process to identify unexpected 
loss or reduction in output

• Event analysis within determined 
timeframes

• Corrective action plan 
development and 
implementation

• Heavy workload and reporting 
requirements on IBR owners

• Sequence of event recording 
(fault codes, alarms, statuses)

• Fault recording (MPTs, collectors, 
shunt devices)

• Dynamic disturbance recording 
(e.g. PMU) at each MPT

• Recording, storage, and reporting 
thresholds

• Significantly less stringent than 
IEEE 2800-2022
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NERC Milestone 2 Work on Order 901

PRC-028
Disturbance Monitoring & Reporting for IBRs

PRC-029
Ride-Through Requirements for IBRs

PRC-030
Unexpected IBR Event Mitigation

➢ Applicable to all registered IBRs – BES IBRs and non-BES IBRs that meet the NERC Category 2 GO criteria
➢ All approved by industry and submitted to FERC for approval in November 2024
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NERC Milestone 3 Work on Order 901

➢ All projects underway presently; must be submitted to FERC by November 2025



Call to Action

ISO/RTOs, transmission providers, and their customers will 
benefit from adopting large parts of voluntary industry 
standards such as IEEE 2800-2022 as an effective solution 
to mitigate reliability risks during this energy transition. 
The rapid pace of the energy transition calls for proactive 
steps to mitigate risks. The adoption of voluntary technical 
standards plays a major role in this process and can help 
inform policies, regulatory rulemaking, and other business 
decisions, as well as help streamline and expedite the 
interconnection process for new IBRs. 
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ESIG Brief for Decisionmakers
Oxford v. Merriam-Webster
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ESIG Brief for Decisionmakers

ESIG Brief for Decision Makers: IBR Interconnection Requirements

https://www.esig.energy/wp-content/uploads/2024/10/ESIG-IBR-Interconnection-Requirements-brief-2024.pdf


• SAR developed by NERC IRPS, endorsed by NERC 
RSTC and accepted by NERC SC
o Formal comment period and assigned to Project 2022-04 EMT Modeling

• Proposes to modify NERC FAC-001 and FAC-002
o Enhancements to interconnection requirements (TOs)

▪ Consistent with IEEE 2800-2022 clauses

oConformance assessments via studies (TPs and PCs)

o IBR facility commissioning requirements (GOs)

• Goals to harmonize and standardize technical IBR 
interconnection details, as much as possible
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SAR: FAC-001 and FAC-002 for IBRs
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IEEE P2800.2 Recommended Practices

OEM Type Testing 
and Model Validation

IEEE 2800-2022 
Implementation and 

Requirements Enhancements

IBR Plant Modeling Package 
and Supporting 
Documentation

IBR Plant 
Design Evaluation

IBR Performance 
Conformity
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Emerging Technologies & New Challenges/Opportunities

Projections of potential power consumption in U.S. data centers scenarios [Source: EPRI]

Data center power consumption in GW [Source: McKinsey & Company]

Enterprise

Co-location companies

Hyperscalers

 

 

  

  

  

  

  

  

                                            

                                        
         

       

         

U.S. wind and solar capacity [Source: Climate Central]

U.S. battery storage capacity in GW [Source: US EIA]
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Requirements



Modeling
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Powerflow 
Model

PD Standard 
Library Model

PD User-Defined 
Model

EMT Model

Short-Circuit 
Model

IBR Plant / Data Center 
Model Package

Models should accurately reflect 
designed/actual equipment

Models should match across domains

• Inverters / turbines 
• Power Plant Controller
• Collector System
• Substation Equipment
• Tie Line
• Balance of Plant
• Etc.

IBR Plant / Data Center (Designed or Actual)

• IT Equipment
• Power Distribution Units (PDU)
• Cooling System
• Lighting 
• Transformer 
• Switchgear
• Etc.



Performance 
Tests

Initialization

Faults

Ride- 
through

Small 
disturbance

System 
strength

Protection
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Performance Tests

Type tests

Design evaluation

As-built

Commissioning

Post commissioning

Periodic verification

Core IEEE P2800.2 Practices
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Automation

“Perfection is not attainable, but if we chase perfection we can catch excellence.” – Vince Lombardi



Exploratory Study Questions:

• Is GFM BESS a “do no harm” solution options? 

• Can it support stabilizing weak grid areas?

• Does it work properly in strong grids areas? 

• Are GFM BESS controls interoperable across OEMs?

• Do GFM BESS Controls require any unique or special tuning?

• Could GFM BESS unlock IBR capacity or defer expensive / long lead time solutions?

• Do commercial GFM BESS controls “hold up” to industry specifications?
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Leveraging Grid Forming BESS Technology

NERC GFM Functional 
Spec and Test Procedure

MISO Draft GFM 
Requirements Proposal

Overarching Finding and Takeaway:
Widespread deployment of GFM BESS can enhance bulk 

power system stability at a low incremental cost, simplify 
planning in challenging regions, and increase IBR capacity.

ERCOT AGS-ESR Spec and 
Test Framework

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/White_Paper_GFM_Functional_Specification.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/White_Paper_GFM_Functional_Specification.pdf
https://cdn.misoenergy.org/20240604 IPWG Item 04b Draft GFM BESS Performance Requirements Whitepaper (PAC-2024-2)633112.pdf
https://cdn.misoenergy.org/20240604 IPWG Item 04b Draft GFM BESS Performance Requirements Whitepaper (PAC-2024-2)633112.pdf
https://www.ercot.com/files/docs/2024/09/16/ERCOT Advanced Grid Support ESR Test Requirement_.pdf
https://www.ercot.com/files/docs/2024/09/16/ERCOT Advanced Grid Support ESR Test Requirement_.pdf
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The Exponential Growth of Large Loads

U.S. Electricity demand could more than double by 2050 [Source: DOE]

New and growing grid disturbances involving large loads [Source: NERC]

Nuclear + Large Load Announcements: Co-location, SMRs, 
restart of retired reactors, and more. [Source: Utility Dive]

Grid Risks & Challenges being addressed by the 
industry: Interconnection Processes, Requirements, 

Models & Studies, Modeling, and more 



• Interconnection processes & queues

• Interconnection requirements and standards

• Large load vs. transmission / distribution 
construction times

• Transmission planning models & studies

• New operating characteristics and risks (load 
ramping, power quality, oscillations)

• Generation resource adequacy

• Demand response impacts

• Large load forecasting
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Large Load Technical Challenges & Risks

Interconnection requirements for entire lifecycle of LL 
(from Interconnection Process to Operations)

Study of Sub-second LL Ramping and mitigation by an          
E-STATCOM [Source: Siemens Energy]
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Fundamentals of Modeling and Studies

Principle

Practicality

Conversative, Yet Realistic!

Conservative

Realistic

Reliable

• Operating conditions
• Credible contingencies
• Load behavior
• …

• Gather data
• Develop accurate models
• Load compositions
• …
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Modeling of Large Loads

Static Load Models

Dynamic Composite Load Model [Source: NERC]

“All models are wrong, but some are useful”
       George E. P. Box, “Science and Statistics”, 1976

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

PSLF



Steady State Studies

• Capacity studies

• Network upgrade 
studies and cost 
allocation

• System impact 
studies

Power Quality

• Harmonics

• Flickers

• Ramping

Protection Studies

• Voltage and 
frequency ride 
through

• Breaker short 
circuit duty

• Protection 
coordination

Stability Studies

• Transient stability

• Small signal 
stability

• Voltage stability

• Oscillations

EMT Studies

• Insulation 
coordination (TRV, 
SOV, LOV)

• Transformer 
energization

• Control 
interactions

• Ferroresonance
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Studies of Large Loads



Learnings Application

• Exponential growth

• Fundamentals matter

• Voluntary not working

• Requirements aren’t a bad thing

• Engineering detail matters

• Don’t walk and then try to sprint

• Be proactive

• IBRs and large loads alike

• Requirements matter

• Harmonization can speed up process

• Engineering, hurray! 

• Be the tortoise, not the hare
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Learn from the Past; Look to the Future
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Interconnection of IBRs vs. Large Loads

IBRs   
since 2016

Large Loads 
since 2020
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