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Electrical energy storage (EES) RD&D at PNNL
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Emerging technologies
Na* intercalation materials
and Na-ion battery

o Hydride-air battery

Evolving technologies

o New gen redox flow battery
o Planar Na-metal halide battery
o Unique Li-ion battery
Tech transfer,

commercialization,
grid/cost analysis
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Levelized cost ($/kWh)

Redox flow battery (RFB)

(Dr. Liyu Li will report details)

Develop new generation redox flow batteries (RFBs) to

Tank

improve performance and economics and accelerate
commercialization, via collaboration with:

» SNL, Penn State and ONL/UT on alternative membranes

Catholyte
Vs
» DuPont, Daramic, GraphTech, SGL, ..., on components
- s » Battery industries via technology transfer and co-
development
Short term | Long term
0.40 -
» New generation electrolytes ofimproved energy density and stability compong
0.35 - > Low cost membrane/separators ofimproved selectivity and/or conductivity
» Optimized electrodes/current collectors of minimized polarization and
resistance cell
0.30 - > Novel cell and stack designs to reduce shuntcurrentand double
currentdensity capability (>80 mA.cm-2)
0.25 - . > Optimized balance of plant and system to further stack
improve round ip efficiency (>75%) > Developed 3" gen all vanadium RFB
0.20 » Field demonstration and grid integration to system
S furth timize RFBs and applicati i
Viacollsboration with N e spplestons > Discovered Fe/V redox couples
industries and universities "W, » Mass-production and commercialization . .
0.15 > Optimizing cell/stack components and designs
I
010 - Combined cycle gas turbine » Demonstrate bench-top systems
| \%
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Levelized cost ($/kWh)

Na-metal halide batteries (NMB)

2NaCl + Ni <= N NiCl, + 2Na

w | (Dr. Vince Sprenkle will report details) 3.0cm? Button Cell
. Develop planar Na-metal halide batteries that can @
cmprment — mMeet cost and performance targets for renewable 64cm2 XL-Button Cell
. integration and grid applications, via introduction of

new designs and new electrode chemistries and
A interfaces

» Collaborate with EaglePicher Technologies, LLC
» Leveraging ARPA-E support

200cm? Stack

Short term I Long term I
0.35
Proof of concept of planar design component
0.30 - Modify electrode cathode chemistries interfaces
Develop effective sealing, stack components cell \ o
025 Optimization of interfaces and cell designs to allow
operation ~2000C and energy efficiency (system>80%) stack
0.20
Devel dd KW .
o comonstateiisprotobe - em > Proved concept of the planar design
015 N _Scale-up and commercialization . . .
» Scaled up to intermediate size
f p
010 {  Combined cycle natural gas » Met major performance targets -
turbine |
Sos . . . . | » Develop and demonstrate 5k\W
2010 2012 2014 2016 2018 2020 prototype SyStem in 2012 v
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Specific Capacity (mAh/g)

Unique Li-ion for community storage

Develop unique Li-ion batteries that are made
from low cost (<$250/kwh), high cycle life
(>5,000 deep cycles) electrode materials to
meet, in particular, the cost and performance
requirements for community storage

» Collaborate with K2 Energy,
Penn State

140

—=— Discharge|

1204

100 A

Negative electrode: self-assembled TiO,
(anatase)/graphene
204+ Positive electrode: LiFePO,/carbon
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Dr. Daiwon Choi reports
details in his poster

1.58V

Self-assembled nanostructured TiO,(anatase)-
base anode; LiFe(Mn)PO, cathode

Achieved >2,000 full cycles (100% DOD)
Develop and optimize practical size batteries

in FY12
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Emerging EES technologies: Na-ion battery

Dr. Jun Liu (Dr. Yuyan Shao) report details

Develop new concepts/technologies that can lead to transformational
improvement in performance and economics

»  Synthesized single crystalline Na,Mn40O,4 nanowires via
polymer pyrolysis, as cathodes

» Proved facile Na* intercalation/deintercalation

> Achieved stable1,000 cycles at 0.5C, with <0.1% capacity fade
per cycle

> Developing novel carbon structure as anodes

» Demonstrate Na*-ion cells for stationary applications
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Cao, et al., Advanced Materials, 23, 3155, 2011 Cycle number / n SRY




Analytics on EES for grid applications

Dr. Michael Kintner-Meyer will present details;
Dr. Vish Viswanathan reports cost analysis in his poster
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Accomplishments in FY11

» 9 US patents filed

» Published (or in press) over 20 papers in high impact journals,
including: Chemical Reviews, Adv. Mater., Adv. Energy
Mater., Nano-letters, Environ. & Energy Sci., ACS-nano,
Electrochem. Comm., J. Power Sources, etc.

» Technology breakthroughs were reported by

NBC News, ScienceDalily, elScience, Smart Grid News, Smart
Grid Today, Enerqgy Daily, Green Car Congress, Materials
Toady, Ceramics, ...
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