
Venkat Srinivasan 
Staff Scientist 
Lawrence Berkeley National Lab 

The Future of (Electrochemical) Energy Storage
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1. There is still a need for a better battery 
2. Batteries evolve slowly… at 6% increase in energy density a year 
3. We need to discover new materials and manufacturing them at scale 
4. Need to connect research and manufacturing to accelerate innovation



Quick introduction

Next-generation 
materials for 

batteries

Batteries Materials Research 
(BMR) Program

Joint Center for Energy 
Storage Research (JCESR) 

(Battery “Hub”)

Revolutionary new 
storage concepts
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CalCharge

Public-private 
partnership 

focussed on storage



The history of battery research and manufacturing
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Battery Research Battery Manufacturing

But times are changing



Disruption has already occurred in the consumer 
electronics industry
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Its happening in electric cars
Instead of this… We have…
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And it will happen on the grid
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2-5x improvement in energy density needed to achieve 
range parity with gasoline cars
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Batteries at $100-$125/kWh will be the tipping point.  

Grid  
Target

...and cost remains very high
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Gigafactory



Flow Batteries

1

2

4

6

10

2

4

6

100

2

4

6

1000
 S

pe
ci

fic
 E

ne
rg

y 
(W

h/
kg

)

10
0

10
1

10
2

10
3

10
4

Specific Power (W/kg)

-

36 s0.1 h1 h

100 h

-

-

-

Fuel Cells

36 s0.1 h1 h

100 h

-

Acceleration

Ra
ng

e

EV goal

3.6 s
36 s0.1 h1 h

10 h

100 h

Source: Product data sheets

PHEV goal
EV – 	 Electric Vehicle 
PHEV– Plug-in Hybrid- 
Electric Vehicle

IC Engine=2500 Wh/kg

Status of batteries for vehicle applications

Capacitors

Lead-acid
Ni-MH

Li-ion

But its not just about energy and power density



But its more than just energy and cost
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20!

40!

60!

80!

100!

Energy Density (500 
Wh/l)

Specific Energy (235 
Wh/kg)

Calendar life (15 
years)

Cycle life (1000 
cycles)

Selling price (125 $/
kWh)

Fast charge to 80% 
DOD (15 mins)

Temperature range 
(-40 to 65 C)

Li-ion in electric vehicles

Batteries are a compromise between these 
various requirements



Where is the cost in a Li-ion battery?

Material-38%

Cell manufacturing-46%

Pack-16%

Need to focus on materials and on manufacturing

Separator
Electrolyte

Cathode

Electrode  
Preparation-24%

Assembly-36%

Formation-22%

Winding-18%
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Battery 101- How do we make a better battery?
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Electrolyte: 
• Liquid organic solvents 
• Polymers 
• Gels

Cathode: 
• Layered oxides 
• Spinel-based compositions 
• Olivine-based compositions

Anode: 
• Carbon-based 
• Alloys and intermetallics 
• Oxides

Cost can be lowered by: lower cost materials, higher energy 
materials/cells (lower $/kWh), and/or cheaper manufacturing

Electrolyte: 
• Sulfuric acid 
• Potassium hydroxide 
• Potassium hydroxide

Cathode: 
• Lead oxide 
• Nickel Hydroxide 
• Nickel Hydroxide

Anode: 
• Lead sulfate 
• Cadmium 
• Metal Hydride



Summary
• Li-ion batteries will get cheaper as the Gigafactory ramps up.  

• But, to reach a tipping point, a further 2-3x reduction in cost is needed. 

• Complicated due to the many different metrics over which batteries have to 
be optimized. 
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We need innovations to ensure we hit the tipping point. 
Some of these innovations will be in materials.  

But we also need innovations in manufacturing. 



Electrolyte oxidation

Finding new materials:  The principle
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Lithium concentration, y in LiyCoO2 

Li+ + C6 + e -                 LiC6 

LiCoO2         Li+ + CoO2 + e- 

Discharged    Charged 

280 mAh/g

372 mAh/g

Lithium plating

Electrolyte reduction

Energy=Capacity (mAh/g) x Voltage

140 mAh/g

Electrode breathing (Stress/Cracking)
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Finding new materials:  Focus areas

Enable high voltage 
cathodes (>4.3 V)

Silicon and tin anodes: 
3-10x capacity vs. 

graphite

Sulfur cathodes: 
1675 mAh/g vs. 
140-180 mAh/g

Lithium metal anode: 10x 
capacity vs. graphite at 

lower potential
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Magnesium/Calcium-ion batteries: 
2-3x capacity of lithium

Each approach promises to increase energy/decrease cost



From materials to a battery
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Mixing Coating Drying Calen- 
dering

Slitting 
Tabbing 
Winding

Electrode 
Winding 

or Stacking

Can 
filling

Can 
tabbing

Cell 
connecting

Module 
filling

BMS 
adaption

Battery 
assembly

NMP 
PVdF 
Carbon 
TM-oxide

NMP

Cell 
filling

Cell 
forming

Cell 
sorting

Cell 
evaluating

Separator

Electrolyte

Cell 
sealing

NMP 
capture

Eliminating process steps and new processing methods can 
lead to lower cost batteries



There are now numerous attempts to innovate in the lab
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But when will these reach the market?

Al-ion systems

Non-aqueous flow 
molecules

Li-metal based systems

High capacity conversion cathodes (S, air)

Low temperature 
Na-S

Mg-ion systems

New cell 
design Aqueous sodium-ion 

systems

Silicon 
anodes

Modified aqueous flow 
molecules

High voltage, high 
capacity cathodes Non aqueous 

sodium-ion

Advanced lead 
acid

Green: Grid 
Blue: Vehicle
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The Challenge of Translation from Lab to Market
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1975 1990

Sony Li-ion 
battery

1995 2000 20121983

Manganese

1980

Cobalt

Some Li-ion 
research

Li-ion research 
intensifies

Iron
MIT prof. starts  
A123 Systems

GM does not 
pick A123

A123 
Chapter 11

1.  Lab-to-market is slow! 
2. Scale up and manufacturing is a challenge 
3. Need close connection between R&D and 
manufacturing to accelerate innovation 
4.  Need to consider market demand 

2009

Manganese 
commercialized

Power 
tools

Chevy 
Volt



The history of battery research and manufacturing
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Battery Research Battery Manufacturing

When R&D and manufacturing are disconnected, innovation is slow



Collaboration as an accelerator

The battery equivalent

50 nm 

Revolutionary new materials 
and storage concepts

Process and 
manufacturing R&D

Markets for batteries (Vehicles, 
grid, vehicle-to-grid, second life)

Innovation will occur by connecting R&D, manufacturing, and markets

Silicon valley Secret history of Silicon Valley, 
Steve Blank

co-locating 20



Critical Mass and Global Impact

•California has one the 
largest and most 
dynamic concentrations 
of the energy storage 
sector in the world 

•With an outsized impact 
on industry and market 
development globally

• More than 120 
energy storage 
companies are 
located in 
California


• But no “center of 
gravity”

77

33
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Program Areas

Technology Acceleration Pre-Commercialization Support 

Professional Development Ecosystem Facilitation 

Accelerating from innovation to installation

• Companies conduct propriety 
research inside Berkeley Lab 

• Advanced Manufacturing 
Roadmap

• First MSE in Batteries with SJSU 
• IBEW-NECA Energy Storage 

Standard and Certification 
Development 




The history of battery research and manufacturing
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Battery Research Battery Manufacturing

When R&D and manufacturing are disconnected, innovation is slow



The problem: A lesson from the PV industry
• Building the same technology that is already in Asia not compelling
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How do we solve this challenge?



One approach- Rebuilt the supply chain and the scale
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Cost of the factory: $4-5B

But is this the only way?



An alternate approach
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Would this “advanced” battery be amenable to manufacturing in the US?

Supply chain Process steps
Mixing Die casting

Drying …..

Packaging
Tabbing Packaging

Formation …..

Aluminium Copper

polymer 
separator Electrodes

…..

Disrupted Disrupted
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• Cost in CA is 4.7% higher than Asia (1.8% for Gigafactory case) 
• The advantage of colocation, ease of continued innovation, IP protection, economic and 

political climate, and the enhanced performance of the device, would offset the higher cost

Key:  Innovation not imitation

$60 M $90M $250 $6-7B
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Manufacturing competitiveness map
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Manufacturing competitiveness map
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Focus should be on moving technologies to the top right. 

Need to establish close connection between research and 
manufacturing to accelerate innovation.



Can we create the Sematech for batteries? 
Goal: How do we move to the top right?

More meetings are planned with companies across the supply chain 
(from materials to modules)

Cut down process steps Modernize battery manufacturing Develop new designs

Develop process modelsNeed access to a pilot line
Develop process metrology

1. Move away from slot die 
casting 
2. “Fix” formation and use 
energy lost 
3. Need to decrease process 
steps 
4. Need reliable dry process

1. Bring “lean manufacturing” 
and six sigma principles to 
bear 

2. Need modular manufacturing 
method 

3. Use space 3D, rather than 
2D

1. Need sensing inside battery, go 
beyond voltage 

2. Need high power cells that also 
achieve high energy and high 
safety 

3. Need to develop designs that 
reduce losses at pack scale

1. Need accurate process flow 
models and cost estimates 
2. Need believable accelerated tests 
3. Need battery designs on a 
computer

1.Improve yield by ensuring 
adequate feedback loops 
2. Need inline diagnostics 
3. Ensure control over every 
process step

1. Access to analytical and 
testing equipment 

2.Need standardization of 
materials and processes



Summary
• Markets for storage are opening up and will grow 

• Batteries will get cheaper (thanks to Tesla) 

• But to reach mass market, we will need further innovations 

• These innovations will involve new materials and new manufacturing processes.  

• There are many attempts to achieve these innovations; but translation from lab to 
market takes a decade 
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We need to focus on scaling and manufacturing to 
accelerate innovation


