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The thermal runaway of lithium batteries is an outstanding example for an extreme event in a
complex technical system. Thermal runaway refers to the ignition or explosion of a battery as
consequence of a self-accelerating heating process that is initiated by stochastically-occurring
internal or external triggers. The corresponding safety problems are today a major factor
impeding the introduction of lithium batteries for electromobility or stationary energy storage.

The objective of the present study is to understand, predict and control thermal runaway of
lithium batteries. To this objective, we develop and apply a new methodology based on a
combination of multi-scale deterministic modeling, stochastic simulation, as well as experimental
analyses. The combined methods developed in this study allow probabilistic prediction of
thermal runaway and its precursors, and will be used to design an early-alert and active battery
risk management system using sensors and control systems.

The project follows a number of intermediate goals with the following expected results:

1. Understanding of runaway thermo-electrochemistry. Through combined multi-scale
electrochemical and thermal modeling, we develop a detailed understanding of heat
generation and dissipation in the cells. Triggering events are simulated, and the resulting
non-linear feedback between exothermic chemistry and heat transport is quantified in order
to analyze the self-enhancing cascade of processes during thermal runaway.

2. Analysis of stochastic properties. Monte-Carlo methods combined with model reduction
techniques are used for probabilistic simulation of thermal runaway based on the multi-scale
multi-physics battery model. The simulation tool will react and self-calibrate to sensor data in
real-time. Sensor locations will be optimized to detect statistical precursors of runaway.

3. Experimental investigation of thermal runaway. We obtain important data for calibrating and
testing the models in experiments that trigger thermal runaway of commercially available
lithium-ion batteries by external heating, short-circuiting and nail penetration tests.

We present initial results for multi-scale deterministic models of runaway. Thermal
decomposition reactions (including SEI decomposition) are included in a detailed
electrochemical model of a LiFePO,4-based cell. The model is validated using DSC data. The
electrochemical model is coupled to a 3D thermal CFD model of a 26650 single cell. We show
discharge curves and corresponding temperature profiles, as well as the self-accelerating
heating effects upon runaway.
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