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Energy Storage Across Scales
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LBS Vision & Mission
VISION: Our vision is to accelerate the energy transition 

through excellence in electrochemical energy storage 

research and innovation 

MISSION: Our mission is to discover, design, and 

demonstrate advanced materials and electrochemical 

energy solutions for a sustainable energy future. We 

utilize and enhance cutting-edge experimental facilities to 

enable diversification of battery chemistries across a 

broad spectrum of applications. We educate a new 

generation of researchers to meet future needs of 

industry and society.

HOW? Identify physical phenomena based on accessible 

and bespoke materials and molecules that unlock novel 

modes of energy storage and/or alleviate constraints of 

current energy storage mechanisms. Learn and deploy 

multiscale design principles based on foundational 

learning of descriptors of atomistic, electronic, and 

mesoscale structure 



Consequences of atomistic and electronic structure 

are profound for function at the level of systems

Atomistic and electronic structure are 

necessary but not sufficientñ

mesoscale emergent phenomena are 

often (also) governed by geometry 

and topology

Probing dynamical evolution of 

materials transformations is 

critical to materials design

Real-world applications intersect with considerations 

such as  earth abundance and supply chains
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Slide Title HereSafety by Design & Across Scalesé
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A Ragone plot for safety
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NMC ï0.48

NFMO ï0.37

NMC ï0.35

LFP ï0.96

LFP ï0.68

NVP ï0.66

*Kausthubharam, etal., 2025(in preparation)



Slide Title HereRare Events & Cascading Catastrophesé
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Slide Title HereScience of Safetyé
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*Hasan,Vishnugopi,etal., 2025; Andrews,et. al Matter, 2022

ÅMechanistic elucidation

ÅMaterials design to 
ameliorate catastrophic 
failure 

ÅSystems co-design for 
compatibility

ÅMonitoring, diagnostics, 
and prognostics



Interface engineering

Chimia 78 (2024) 403т414
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Slide Title HereSensing, Diagnostics, and Battery Managementé
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*Hasan,Vishnugopi,etal., 2025; Andrews,et. al Matter, 2022



Slide Title HereSensing, Diagnostics, and Battery Managementé
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ÅDerating strategies grounded in 
mechanistic understanding

ÅPhysics-informed AI/ML

ÅReal-time sensing and 
prognostication

ÅPeak performance, safety, and 
autonomous operation
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Slide Title HereSupply Chains, Materials Criticality, Recyclingé
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ÅCrustal 
abundance

ÅGeographic 
distribution

ÅResilience of 
supply chains

ÅAccessibility 



Slide Title HereExploding Demand for Lithium



Slide Title HerePreparing the Mineral Transition for the 
Energy Transition

ÅUnconventional sources 
of minerals

ÅFinancial tools, 
regulatory support, 
sustainable resource 
utilization

ÅMaterials stockpiles

ÅDiversity of battery use 
by design



Co-free Cathode Materials for Li -ion Batteries
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New Co-free cathode material with ability to compete with current Ni-rich NCMs

1M LiPF6
in EC:DEC
No additives
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Slide Title HerePrecision Manufacturing

ÅPrecise control from 
atomistic structure to 
particle geometry to 
electrode architecture

ÅMitigating key chemo-
mechanical and thermal 
degradation

ÅTailored interfaces

ÅIntegrated sensing



Slide Title HereComponent and Composite Co-Design

ÅLightweighting

ÅPackaging for safety and 
resilience

ÅGenerative geometric 
design

ÅCircularity composites


