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Introduction/Context

• As of 8/14/2023, 33.2 GW of IBRs are connected to the CAISO 
system 

• Installed IBR capacity in CAISO system is expected to reach to 
~120 GW by 2035 and ~200 GW by 2045

• Disturbance analysis of events across different systems indicates 
the need for more accurate modelling of IBRs

• NERC standards are being updated to include EMT studies in 
planning and interconnection studies
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Challenges with Phasor-Domain Studies (Transient 
Stability Studies)

• NERC disturbance reports indicate the need for EMT studies 
due to limitation of phasor-domain models and studies

• Capturing the details of IBR controls and protection systems is 
not feasible in generic phasor-domain models 
– There are examples that phasor-domain studies have not assessed the 

system performance correctly
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Approach: EMT Simulation for Interconnection Studies
• Existing IBRs are required to provide PSCAD models as per 

CAISO Tariff and Transmission BPM
• It is expected that by 2025 almost all the PSCAD models of the existing IBRs are 

verified/validated 

• IBRs are required to provide PSCAD models in the Generation 
Interconnection Process

• PSCAD models are reviewed with main objective being to 
ensure they reflect the equipment in the field (where 
applicable)
– CAISO EMT Requirements: 

http://www.caiso.com/Documents/CaliforniaISOElectromagneticTransientModelingRequirements.pdf 

– IBR EMT Checklist: 
http://www.caiso.com/Documents/DataTemplateforGeneratorsinCategory1and2.xlsx 

http://www.caiso.com/Documents/CaliforniaISOElectromagneticTransientModelingRequirements.pdf
http://www.caiso.com/Documents/DataTemplateforGeneratorsinCategory1and2.xlsx
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Approach: IBR EMT Model Validation Process (1/2)
• The checklist includes 55 questions on supporting documentation, model 

accuracy, usability, and performance to ensure the model meets all the 
requirements
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Approach: IBR EMT Model Validation Process (2/2)
• For the existing IBRs, the process starts with CAISO sending a 

letter to the GO to submit EMT model
• GOs will complete their section of the checklist and submit the 

model, the completed checklist along with all the required 
documents to CAISO

• Upon receiving the EMT model PTOs perform the primary review 
of the submission

• CAISO performs a secondary review of the submission
• GO will be informed of the deficiencies.
• Primary and secondary reviews will continue until the 

submission is compliant with the requirements.
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Process: Interconnection Studies (EMT)
• PSCAD studies are performed as part of the interconnection 

process on a case by case basis based on transmission owner 
(PTO) criteria

• As per existing processes in CAISO system, if a PTO’s screening 
analysis indicate system performance risk due to an IBR 
interconnection, an EMT studies will be performed to evaluate 
and mitigate the risk.
– A local area of the system is modeled in such EMT studies

• There has been few PSCAD studies performed as part of the 
interconnection studies and for some projects it was required to 
install subsynchronous relay to trip the unit to mitigate the risk of 
oscillations.
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Lessons Learnt
• Obtaining IBR PSCAD models for the units that are in service 

could be challenging. Some of the issues are:
– Change of ownership
– OEM not in business anymore
– GOs not having SMEs familiar with PSCAD models and studies
– It takes significant amount of time to go through the process and get a 

compliant PSCAD model
–   ...

• It is more efficient to get the models as part of the 
interconnection process before the unit goes into service.

• It will be more effective if NERC standards would require EMT 
models and studies
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CAISO’s Next Steps
• The next step after all the validated IBR PSCAD models are 

available is to perform system studies.

• CAISO is in the process of developing an EMT studies roadmap

• A pilot PSCAD studies are underway on a local area

Existing 
Resources

Year 2035 Model in 
2023-2024 TPP 1

Number of IBR Plants 18 78

Total IBR Capacity (MW) 2,100 12,500

Synchronous generators (MW) 3,500 3,300

Pumped hydro (MW) 1,600 1,600

Pumps (MW) 700 700
1 Several approved transmission projects will be implemented in the area by 
2035

Existing System in 
the Study Area
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Objectives of Pilot PSCAD Studies
• A pilot PSCAD studies are underway with the following 

objectives:
– The required software/tools

• PSCAD, compilers, conversion of power flow models to PSCAD, co-simulation,...
– The hardware requirement for sufficient computing power
– Staff training requirement
– Required consulting support
– Estimate of the time required to perform the studies
– Document the issues faced in setting up and running the studies along 

with how they were resolved.
– Help to identify areas of the system that require PSCAD studies



12

Gaps & Challenges Observed (Not Solved Yet)

• Lack of generic IBR EMT models
• Obtaining reliable EMT models of IBRs that accurately reflect 

the installed equipment in the field
• No industry-wide acceptable screening analysis to identify 

what areas of the system require EMT studies
• Limited number of SMEs to perform EMT-related studies 
• While it is expected that due to NERC standards and other 

requirements, EMT studies will be incorporated in planning and 
interconnection studies, the need and the process of EMT 
studies in real time operation is not clear  


