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Executive Summary 

The large-scale integration of renewable variable generation and inverter-based resources (IBRs) 

significantly alters system responses to contingencies and fault events, affecting the system’s 

ability to maintain stable operation under critical conditions. Insights from MISO’s Renewable 

Integration Impact Assessment (RIIA) report indicate that when IBR penetration exceeds 30%, 

voltage and converter-driven stability concerns become prominent. This underscores the critical 

need to accurately model IBRs in stability studies to ensure a comprehensive understanding of 

system behavior under high renewable penetration. 

 

With increasing levels of IBR integration, large disturbance stability analysis becomes essential 

for secure grid operation. Recent events have demonstrated the limitations of phasor domain 

simulations, emphasizing the need to incorporate full scale electromagnetic transient (EMT) 

simulations. This presents a major challenge for utilities and ISOs because IBRs are software 

defined grid components with much faster dynamics, operating on EMT time scales, compared to 

synchronous generators. In addition, capturing the detailed grid support functionalities of IBRs 

within full EMT models in large utility scale studies is both computationally demanding and time 

consuming. 

 

To improve efficiency in stability studies, utilities are increasingly adopting hybrid EMT and 

phasor models, where IBRs are represented in the EMT domain while the remainder of the grid is 

modeled in the phasor domain. Although this approach reduces the computational burden, it lacks 

a unified framework for stability assessment. As a result, while these models can generate valuable 

data under transient conditions, there remains a pressing need for reliable methods to analyze the 

resulting multi-timescale data and ensure trustworthy stability evaluations. 

 

To address these challenges, this work develops a data-driven transient stability assessment 

framework for IBR-rich grids represented by hybrid models. The approach integrates machine 

learning with fundamental system dynamics to characterize stability performance and localize 

instability causes during both planning and operations. By constructing a linear representation of 

the system in a lifted higher-dimensional space, stability analysis can be performed without 

explicit system equations, enabling scalable and model-agnostic assessment. 

 

A key strength of the framework is its reliance on data rather than detailed vendor models, making 

it well suited for IBR-dominated systems where components are often provided only as black-

boxes. Leveraging black-box simulators, the methodology enables effective stability evaluation 

and extends naturally to hybrid co-simulation models, underscoring its versatility and relevance 

for modern grids. Its efficacy is validated through power system case studies across multiple 

simulation platforms. 

 

This work demonstrates that a data-driven Koopman framework can transform how operators and 

planners approach transient stability analysis in IBR-rich grids. By learning stability boundaries 

directly from simulation data, the method reduces reliance on detailed models and avoids the 

computational burden of brute-force time-domain studies. Once trained, the Koopman operator 

provides rapid and scalable estimates of critical clearing times across diverse contingencies, 

enabling broader and more timely security assessments. The implication for industry is a practical 
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tool that supports large-scale contingency screening and near real-time decision making as 

renewable penetration deepens. Looking ahead, the Koopman framework can also be extended to 

voltage stability, providing a unified data-driven approach to assessing both angle and voltage 

security in modern power systems. 
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