—

Pacific
Northwest

Li-lon Battery
State of Health
Electrothermal

..:-
| b Sl
Mode e

Alasdair Crawford
Computational Scientist




Pacific

Northwest  Project Overview

NATIONAL LABORATORY

Project Objectives
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Develop an electrothermal physics-based bottom-up model that predicts battery performance and degradation

Develop a statistics-based top down model to predict battery performance and degradation, using insights from the bottom up
model
Identify the most important design and operating parameters that affect battery state of health

Incorporate results into BSET to increase net benefits

Project Importance
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Multiple degradation mechanisms have been addressed in the electrothermal model

Enables reliable prediction of battery performance degradation, which is critical to deployment in the grid
Enables deployment of thermal and battery management strategies to optimize battery throughput

Enhances battery safety by reliable prediction of battery internal temperature under various operating conditions
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Global physics-based model provides high-level insights, helping enhance reliability of chemistry-specific models

0-d physics-based model provides further insights into specific degradation mechanisms further strengthening model fidelity
Top Down model strengthened by Physics-Based Model findings for reliable degradation prediction using machine learning
Enhances renewables penetration in the grid by deployment of reliable battery energy storage systems

Improves grid resiliency and flexibility
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Project Metrics and Milestones

Milestones Associated Tasks

Complete thermal coupling with Multi- 1. Added SEI cracking and degradative effect of cathode dissolution on solid
Physics electrochemical model electrolyte interphase formation
2. Used literature parameter values for Global model for all chemistries

w

Global model for all chemistries used for selection of initial parameter
values for single chemistry models

4. Verified approach with 0-d model

5. Validate with in-house data
Validate results with top down model and 1. Update top down model with machine learning using in-house data for
incorporate results of top down model multiple chemistries using findings from Multi-Physics model
into BSET 2. Develop a linear model to be fed into BSET

Publish and present results

Project Metrics

A Model unigueness +Global model enables high level understanding of degradation mechanism and provides input to
single chemistry model
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Model reliability xpredicts capacity loss with RMSE of 1% after 500 cycles
Enable 10 to 20% increased increase in renewables penetration due to increased reliability Battery Energy Storage
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A Enable safe operation of battery storage



