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2 I PROJECT OVERVIEW

SUMMARY: Experimentally quantify commerciabhibattery failure at the cell and materials level at varying operating comditio

SIGNIFICANCE:
A Lkon battery energy storage system selection is fraught with uncertainty I
A Limited performance and safety data is publicly available, making it difficult to quantify risk at various operating menditio i

A Broader understanding of degradation and failure can inform new technologies for intervention

ALIGNMENT WITH CORE MISSION OF DOE OE:
A Energy storage systems contribute to resilience, reliability, and flexibility of energy infrastructure
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of energy storage technologies
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s I PROJECT OBJECTIVES

AUnderstanddifference in agingbehavior as a function of chemistry,environment, and use casefor popular
commercialLrion chemistries

/Relatefadingperformanceto changesn electrochemicabnd materialsproperties

AUnderstandmpactof cellageand agingprotocol on abuseresponse

/Developpublicresourcedor sharingand analyzingoattery data
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EFC to 80% Capacity

PROJECT PREVIOUS WORK

AMulti-year cyclingstudy of commercialNMC,NCA,and LFP
cells to 80% capacity, varying discharge rate, depth of
dischargeandtemperature

AAnalysis of cycling condition impact on capacity/energy
retention andround-trip efficiency

AComparisorto previousstudiesto identify universaltrends
andprovide standarddeviationfor performance
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Preger et alJ.ElectrochemSo0c2020, 167, 120532.

AThermalrunaway measurementsfor fresh commercial
Lion batteriesat 0-100%6SOC

AComponentlevel degradationmappedto whole fresh
cellthermalrunaway
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PROJECT RESULTS 0 Performance Beyond 80% Capacity

/Specsheetsand cycling studies typically report degradationto
80%capacity(holdoverfrom EVS)

A Beyond80%relevantfor grid + 2" life applications

ATypicalmodel of Lion battery degradationassumestransition
from linearbehavior(Zone3)

A Nodefinitive answeron whenor why

ﬁCurrentJy,yve are cyclingNMCand NCAcellsfrom earlier studyto
WY1 VLA Y U Q

ACompleting electrochemical(EIS, differential capacity analysis)
and materialscharacterizationCTscans XRD calorimetry, SEM)
for fresh,80%, and post-kneecells

A Electrochemicahnalysis,CTscans,and XRDdone for fresh and
80%cells
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Innovation: first broad studyof degradationbeyond80% capacitywith comprehensivenaterialsandelectrochemicatorrelation
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PROJECT RESULTS 0 Safety Beyond 80% Capacity

AStandardabusetesting is reported only for fresh cells influence
of cellageon safetyis unclear

A More safe(dueto capacityloss)?
A Lesssafe(dueto materialsinstability)?
A Little difference?

AThermal runaway of fresh and aged cells compared via
acceleratedate calorimetry(ARC)

£Analyzedall previousreports + dozensof experimentsat Sandia
on ARf agedcells

A Abuseresponsemoststronglyinfluencedby agingtemperature

A Lower selfheating onset at lower temperature, likely due to
appearancef platedLi

A Heatreleasegenerallythe sameor lower ascellages

A Needmore dataon non-thermal abuse(e.g. longterm stability of
protectivedevicesfor overchargeandshortcircuit)
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Innovation: first comprehensivesvaluationof influenceof battery ageandagingprotocol on abuseresponse
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PROJECT RESULTS 0 Battery Cycling Database

BatteryArchive.org

A repository for easy visualization, analysis, and
comparison of battery data across institutions

Filter battery data Visualize and compare data
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Query and filter for specific experimental Display battery data, including voltage curves
conditions. and capacity fade.
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Compare data with models

Apply performance and degradation models to
battery data.

Motivation

A Battery data not reported and shared systematicall
A Difficult to compare results from different groups
A Metadata not indexed for easy searching/reuse

Site Development

Dr. Valerio de Angelis (CUNY): site architecture
Sam Robert8aca (SNL): front end

Mark Spoonamore (SNL): database guidance
Prof. Venkat Subramanian ({Alistin): models
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Critical Feedback & Data Contributions
PNNL

Hawaii Natural Energy Institute

Jet Propulsion Lab

NRC Canada

RWTH Aachen University
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Innovation: first publicrepositoryfor easyvisualizationanalysisand comparisonof battery dataacrossnstitutions



o I PROJECT RESULTS 0 Battery Cycling Database

Search by metadata related to cell + cycling conditions Efficiencies, capacity and energy decay, and voltage curves
automatically plotted for selected cells

Sitelaunchedin August202Q sofar, over a hundredvisitorsfrom a dozencountrieshaveloggedmultiple sessions

Coreof site iscomplete,but manymaodificationsstill in progresg(e.g. more anddifferent kindsof battery data)



