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• Q&A: 
▪ Go to slido.com 

▪ Enter event code ESIG17

▪ Submit your questions!

• Recording:
▪ This presentation is being recorded.

▪ Presentation materials will be posted after the webinar.

Logistics
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• Materials presented here…
▪ Are not intended as compliance guidance. 

▪ Are intended to describe the technical aspects of inverter-based resource 
modeling and verification. 

▪ Are based on my experience and engagement with industry stakeholders, 
and may not necessarily be the opinions of NERC.

• Questions related to compliance can be directed to NERC 
Compliance Assurance department.

Disclaimer
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NERC Disturbance Reports 
of Solar PV Events
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San Fernando Disturbance
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San Fernando Disturbance:
Plant using Momentary Cessation

~ 3 minutes
• Actual:
▪ Momentary cessation at 0.9 pu

▪ 3 minutes return to pre-
disturbance output

• Model:
▪ Vdip = 0.85 pu

▪ Rrpwr = 1.0 pu/sec

▪ Thld2 = 0.1 sec

• Plant-level controller 
interactions not modeled
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San Fernando Disturbance:
Plant using Current Injection

• Actual:
▪ K-factor dynamic voltage control

▪ Some inverters trip on ac 
overcurrent protection

▪ Plant reduces P for about 10 
seconds; Q increase during and 
after fault

• Model: speaks for itself…
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• Basic model quality checks failed 

• Incorrect parameterization – model does not match reality

• Solar PV resources modeled using reec_b rather than reec_a

• Default parameters abound

• Uncoordinated parameters (e.g., VDL tables, Vdip, etc.)

• Changes being made to equipment but models not updated
▪ Confusion with “material modifications”

• TPs/PCs lack info to check validity of models provided

• MOD-026/-027 give false impression model accuracy for large 
disturbances

• Interconnection timeline crunch

• BESSs and hybrid plants add to complexity

Modeling Issues Persist

And this is just the fundamental-frequency, positive-sequence dynamic models.
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NERC-WECC Joint Report: WECC Base 
Case Review of IBR Models
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NERC-WECC Joint Report: 
Wind Models
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NERC-WECC Joint Report: 
Solar PV Models

Everything in grey is “not acceptable” per 
WECC modeling list and every major solar PV 
inverter OEM…
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Timeline of Models Submitted

• Little information known about plant
• Expected plant design (basic), powerflow
• TP/PC sets requirements

Feasibility Study

System Impact Study

Commissioning

MOD-032 Case Creation

MOD-026 and MOD-027 
Verification

MOD-033 Verification

• More information known about plant
• Expected plant design (detailed), dynamics
• TP/PC sets requirements

• As built designs, plant information, settings
• May deviate from expected models slightly
• Updates need to be provided to TP/PC asap

• Regular data submittal process
• Most up-to-date plant data and models
• TP/PC review of data submitted

• Verification of actual plant performance and docs
• TP review of report and data submitted
• Latest expected performance from resource

• TP/PC verification of wide-area performance
• Direction to GO to check model/settings
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Modeling and Verification Process: 
Example by Vestas

Source: Vestas
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“Material Modification”

NERC FAC-002-2
Consideration

FERC LGIP/SGIP
Consideration

≠

NOT THE SAME INTENTION OR PURPOSE

• Any changes to electrical behavior of the facility need to be re-
studied to ensure reliable operation of the BPS
▪ Inverter make, model, software version, control settings

▪ Plant-level controller made, model, software version, control settings

▪ Changes to steady-state or dynamic controls

▪ Changes in plant capacities or equipment capabilities
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NERC Consideration for 
“Material Modification”

FAC-002-2: Facility Interconnection Studies
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FERC Definition of 
“Material Modification”
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NERC MOD-026-1 and MOD-027-1
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• Captures response to small grid disturbances such as frequency 
excursions and small voltage swings

• Commonly used for verification testing

• Neglects large disturbance behavior (i.e., faults)

Small Disturbance Verification

Sources: IEEE©2016, First Solar
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Expectations for Verification Reports

• Thorough explanations:
▪ Models selected and why

▪ Model data sheets (or model) with 
values entered

▪ Validation of EVERY parameter

o Commissioning, verification, or 
factory test reports

o Communication with manufacturer

o Engineering judgement

▪ Small disturbance expectations

▪ Large disturbance expectations

▪ Model limitations and capabilitiesSource: PTI
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Models Used in Studies

Plant Controller

OEM

OEM

Transmission 
Planning Studies

Source: SMA
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Brainstormed Validation Process
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NERC Reliability Guidelines
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Improvements to Interconnection 
Requirements for BPS-Connected IBR

NOTICE: 

ACTIONABLE RECOMMENDATIONS  
CONTAINED WITHIN!

• Strong recommendations to 
improve interconnection 
requirements AND interconnection 
study processes

• All TOs/TPs/PCs should be 
considering this guideline and 
adopting its recommendations, as 
applicable
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Possible Studies using EMT Models

Low short circuit 
strength networks 

Sub-synchronous control 
interactions (plant-to-grid)

Controls interactions (plant-to-
plant and within the plant)

Controls stability (large 
and small disturbance)

Benchmarking positive 
sequence models

Ride-through capability and 
performance analysis

Short-circuit 
current analysis

Potential protection 
system operation

Power quality 
studies

Unbalanced power 
flow studies

Use Cases for EMT 
Studies for IBRs
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Reliability Guideline 
on BESSs and Hybrid Plants

• Performance: How should 
BESSs and hybrid plants behave 
when connected to the BPS?

• Modeling: What are the 
recommended modeling 
techniques for capturing the 
characteristics of BESS and 
hybrid plant technology?

• Studies: What types of studies 
should be conducted to ensure 
reliable operation of the BPS 
with BESSs and hybrid plants?
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Accurate Models are ESSENTIAL

Modeling

Studies

Reliability Decisions

Source: BPA

Source: IEEE

Source: GE
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Get Engaged with NERC Activities

• Reliability Guidelines (here)

• NERC Inverter-Based Resource Performance Task Force (here)

• Guideline: Recommended Performance for BPS-Connected IBRs (here)

• Guideline: Improvements to Interconnection Requirements (here)

• Blue Cut Fire Disturbance Report (here)

• Canyon 2 Fire Disturbance Report (here)

• Palmdale Roost and Angeles Forest Disturbance Report (here)

• San Fernando Disturbance Report (here)

• NERC Alert: Loss of Solar Resources I (here)

• NERC Alert: Loss of Solar Resources II (here)

• NERC-WECC Modeling Report (here)

• IRPTF Modeling and Studies Report (here)

• Summary of ERO Activities for IBR (here)

• IEEE P2800 (here)

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
https://www.nerc.com/comm/PC/Pages/Inverter-Based-Resource-Performance-Task-Force.aspx
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Inverter-Based_Resource_Performance_Guideline.pdf
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_IBR_Interconnection_Requirements_Improvements.pdf
https://www.nerc.com/pa/rrm/ea/1200_MW_Fault_Induced_Solar_Photovoltaic_Resource_/1200_MW_Fault_Induced_Solar_Photovoltaic_Resource_Interruption_Final.pdf
https://www.nerc.com/pa/rrm/ea/October%209%202017%20Canyon%202%20Fire%20Disturbance%20Report/900%20MW%20Solar%20Photovoltaic%20Resource%20Interruption%20Disturbance%20Report.pdf
https://www.nerc.com/pa/rrm/ea/April_May_2018_Fault_Induced_Solar_PV_Resource_Int/April_May_2018_Solar_PV_Disturbance_Report.pdf
https://www.nerc.com/pa/rrm/ea/Documents/San_Fernando_Disturbance_Report.pdf
https://www.nerc.com/pa/rrm/bpsa/Alerts%20DL/NERC%20Alert%20Loss%20of%20Solar%20Resources%20during%20Transmission%20Disturbance.pdf
nerc.com/pa/rrm/bpsa/Alerts DL/NERC_Alert_Loss_of_Solar_Resources_during_Transmission_Disturbance-II_2018.pdf
https://www.nerc.com/comm/PC/InverterBased%20Resource%20Performance%20Task%20Force%20IRPT/NERC-WECC_2020_IBR_Modeling_Report.pdf
https://www.nerc.com/comm/PC/InverterBased%20Resource%20Performance%20Task%20Force%20IRPT/IRPTF_IBR_Modeling_and_Studies_Report.pdf
https://www.nerc.com/comm/PC/Documents/Summary_of_Activities_BPS-Connected_IBR_and_DER.pdf
https://standards.ieee.org/project/2800.html
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