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Introduction
• Stationary energy storage systems (ESS) are increasingly deployed to 

maintain a robust and resilient grid.
• As system size increases, financial and safety issues become important 

topics.
• Holistic approach: electrochemistry, materials, and whole-cell abuse will 

fill knowledge gaps.
• Models enable knowledge to be applied to different scenarios and larger 

scales.

• When thermal runaway models include enough realistic physics, they can be 
used to:

• Identify experimentally accessible parameters that strongly influence 
cascading propagation of thermal runaway through modules of cells.

• Predict trends in heat transfer and cascading propagation behavior.
• Identify regions of parameter space of greatest interest for 

experiments.
• Evaluate mitigation strategies and explain novel experimental 

observations.I: Competitive Energy Release Pathways
• Charged electrode species and organic electrolyte are reactive materials

• Thermodynamically unstable
• Short circuits and thermal decomposition (TD) compete for common 

reactants
• Total mixed heat release is not a summation (pure TD is upper 

limit)
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Nail penetration data (1.5 Ah 18650) courtesy of Loraine Torres-Castro at Sandia National Laboratories
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II: Effective Environment Temperature
• Thermal runaway (TR) occurs when heat sources exceed heat 

dissipation losses

• Energy sources driving thermal decomposition can be external or internal
• For internal source P, linearize losses and assume thermal equilibrium

                                                         Effective Environment Temperature 
Derived
  
• Effective environment temperature is basis to compare internal/external 

sources
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III: Cooling Requirements for Short Circuits
• Models can be used to estimate cooling requirements to mitigate TR

• Homogeneous (0D) heating of 1.5 Ah 18650 shown at lower far 
left

• Inhomogeneous deviations from 0D case shown at lower center + 
right

• Define power of short in effective environment temperature to correlate 
minimum internal short resistance that can be mitigated with degree of 
cooling
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IV: Thermal and Chemical Inhomogeneities
• 2-D axisymmetric simulations of 18650, vary % of total resistance (heat) in 

nail
• Nail is hot because heat release is concentrated in small volume
• Thermal degradation reactions dominate near hot nail
• Short circuit reactions are more common near cooler periphery
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