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Today
Lithium-ion batteries enable
the personal electronics revolution

Forever changed the way we interact 
with people and information

Tomorrow

$20K electric cars 
Diversity transportation fuels
Lower carbon emissions
Reduce energy use 

Grid-scale electricity storage
Widespread deployment of wind and solar

Enhance reliability, flexibility, resilience
Uncouple instantaneous generation 

from instantaneous demand

~ 2% of US energy
Personal electronics

28% of US energy
Transportation

39% of US energy
Electricity grid



Li-ion

Li-ion

Development of 
Lithium Batteries 
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Crabtree, Kocs, Trahey, MRS Bulletin 40, 1067 (2015)

Lessons from Lithium-ion Batteries  

Long incubation period

Lithium-ion battery of 1991
looked nothing like 

the 1970s vision 

Many (most) good ideas fail

Multiple paths forward 
are critical

20 year

incubation



Transportation Challenges

Reduced cost addresses some but not all challenges

Tesla Model 3 and GM Bolt: $35K/200 mile cars
• Driving range:  200 miles - good
• Fast charging: unchanged
• Inexpensive: $35K, not $20K – few percent market penetration, like Prius
• Cycle life: unchanged
• Safety: unchanged

• Driving range: hundreds of miles instead of tens of miles
• Fast charging: minutes instead of hours
• Inexpensive: $20K instead of $80K
• Cycle life: predictable and commensurate with car life
• Safe: routine and exceptional circumstances - car crash in the rain?

Lithium-ion batteries may be competitive, but not transformative



Electricity Grid Challenges
Storage offers new services beyond conventional reach

• Break historic constraint of real-time balancing of generation and demand
• Firm fluctuations in renewable wind and solar
• Time-shift excess night-time wind and afternoon solar to peak evening 

demand
• Combine with intelligence and distributed resources to personalize 

electricity services for customer needs: interlocking macro- and micro-
grids

Grid challenges and opportunities are richer, more diverse and less explored than 
transportation

The grid of the future will not look like the grid of the past
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$100/kWh

400 Wh/kg 400 Wh/L

800 W/kg  800 W/L

1000 cycles

80% DoD C/5

15 yr calendar life

EUCAR

$100/kWh

95% round-trip 
efficiency at C/5 rate

7000 cycles C/5

20 yr calendar life

Safety equivalent to a 
natural gas turbine

JCESR: Beyond Lithium-ion Batteries for Cars and the Grid 
Vision

Transform transportation and the electricity grid 
with high performance, low cost energy storage

Mission
Deliver electrical energy storage with five times the energy 

density and one-fifth the cost of today’s commercial batteries 
within five years

Legacies
• A library of the fundamental science of the materials and 

phenomena of energy storage at atomic and molecular levels

• Two prototypes, one for transportation and one for the electricity 
grid, that, when scaled up to manufacturing, have the potential 
to meet JCESR’s transformative goals

• A new paradigm for battery R&D that integrates discovery 
science, battery design, research prototyping and 
manufacturing collaboration in a single highly interactive 
organization



JCESR Creates a New Paradigm for Battery R&D

Multivalent Intercalation 

Chemical Transformation

Non-Aqueous Redox Flow 
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TECHNO-ECONOMIC MODELING
“Building battery systems on the computer”

ELECTROCHEMICAL DISCOVERY LAB

https://www.youtube.com/w
atch?v=wEzsKJwYjDQ

Focus exclusively on beyond lithium ion

A single highly interactive organization

https://www.youtube.com/watch?v=wEzsKJwYjDQ
https://www.youtube.com/watch?v=wEzsKJwYjDQ


JCESR Team

20 Institutional Partners, 180-200 Researchers



Proof-of-
concept 

Prototypes Transportation

Grid

Organic 
Redox Flow

TE modeling

Genome
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EDL

Materials
Components
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Four Prototype Targets

Air-Breathing 
Aqueous 

Sulfur

Science-Driven Outcomes 

Multivalent
Mg++, . . . 

Science-Driven Outcomes 

Final Prototype Targets Selected  Jan 2016



Perspective
Energy storage at the threshold

Transformative change for transportation and the electricity grid

New levels of energy storage performance and cost

JCESR: next-generation, beyond Lithium-ion batteries

Why Energy Storage May Be the Most Important 
Technology in the World Right Now
Forbes  Apr 1, 2016

Frontiers of Energy
Nature Energy Jan 11, 2016
Ten experts, including JCESR’s George Crabtree, share 
their vision of coming energy challenges

Perspective: The Energy Storage Revolution
Nature Oct 28, 2015
How next-generation storage can change the car 
and  the grid

Lithium Batteries: To the Limits of 
Lithium
Nature Oct 28, 2015

Why We Need 
A Revolution in 
Energy Storage
PBS Jan 5, 2016 

Interesting perspectives

http://www.forbes.com/forbes/welcome/
http://www.nature.com/articles/nenergy201520
http://www.nature.com/nature/journal/v526/n7575_supp/full/526S92a.html
http://www.nature.com/nature/journal/v526/n7575_supp/full/526S93a.html
https://www.youtube.com/watch?v=itgiyFc5t-g
https://www.youtube.com/watch?v=itgiyFc5t-g
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