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• Requirements and Landscape of LiB for Stationary Storage

• Role and Comparison of Current Materials and Chemistries

• Near term future: Very High Energy LiB Materials and Cells 



Energy/Power Ratings for Intermittent Stationary Storage

Power Quality: 
Seconds or less as 
needed, Continuity of 
quality power

Bridging Power: 
Seconds-Minutes 
Continuity of Service 
when Switching

Energy 
Management. 
Decouple the 
Timing of 
Generation and 
Consumption of 
electrical energy. 
~ Load leveling
~ Cost Optimization
~ Revenue Arbitrage
~ Grid-independency 
for many hours. 

Application Rating



Size and Weight Consideration

Cycle Life Efficiency

Size/Weight and Efficiency Considerations



Capital Cost/Unit Energy-Power

Per Cycle Cost of Stored Energy

Cost Considerations

Cost basis: 2002 and Changing Fast



Market Considerations: Projections



Different Battery Technologies : Materials and Chemistries

Nissan Presentation (2008)



Specific Energy vs Specific Power: Ragone Plot
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Li-ion Battery Cells

Tarascon et. al, Nature (2001)



Li-ion Battery: Role of Materials and Chemistries

Tarascon et. al, Nature (2001)



Energy Density of NMC Material and Other Materials

Source: Motorola Portable Energy



Example: Li-ion Battery for Stationary Storage

High energy density (300 - 400 kWh/m3, 130 kWh/ton) 
High efficiency (near 100%) 
Long cycle life (3,000 cycles @ 80% depth of discharge)

Based on LCO or LMO type cathodes and Graphitic/Carbon type Anode
and LiPF6 salts dissolved in carbonate electrolyte  



Changing the LiB Oxide Cathode Materials Chemistry

• Change the end group

• Change the transition metal

• Ease of Li storage and dynamics
with in the lattice ~ capacity
and power

• Difficulty of removing O from the 
lattice ~ safety

Ceder, MIT 2006

Generic Structure of Layered Oxide Material

lattice ~ safety

• Difficulty of Li – transition metal
exchange with in the lattice
~ cycling

• Ionic size ~ structural stability

• Intercalation voltage ~ voltage

• Cost



LiB Materials Chemistries: Oxide Cathode

California ZEV Panel Report: 2007



LiB Materials Chemistries: The Spinel LiMn2O4 Cathode

The LiMn2O4 Spinel System

T. Duong DOE, 2008



LiB Materials Chemistries: Li-Iron-Phosphate Cathode

T. Duong DOE, 2008



The Lithium-Ion Technology is at the Crossroads

Introduction of

New Anode

New cathode

Matsushita 
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Gen-3 layer-layer NMC Cathode Materials

Higher Capacity or Energy Density !

Better Safety than LCO and NCA 
via Less Heat Generation!

Fundamental IP Licensed From 
Argonne National Laboratory



Li-ion Battery for Stationary Energy Storage: Comments

• LiB is an advanced competitive technology in the Bridging Power and 

Energy Management areas

• Current Applications ratings are especially suitable for:

� Re-newable Energy Management/Efficiency

� Customer Energy Management

� Up to 1MW power rating and Minutes-Hours Interruption

• The above specifications are based on LMO/ Graphite based Chemistries

• Higher power rating (1-10MW) are possible and starting to happen with

Olivine (LFPO) and Spinel (LMnO) type cathode and LTO type anode 

Chemistries

• Nex-gen LIB Cells based on very high energy density composite cathode

and Si-alloy based anodes will be game changer and booster in 

stationary energy storage  area by 3-4x improvement in gravimetric

energy density and 2x improvement in volumetric energy density at similar

or lower cost

• Coating technology needs significant improvement to increase the 

discharge time ratings to below few minutes interruption


