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Critical National need to infegrate long duration energy
stforage with renewable power generation

Projected renewable energy in
California based on state laws
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Critical National need to infegrate long duration energy
stforage with renewable power generation

Projected renewable energy in
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ENERGY Growing need for this
«  Type of storage where

earths hOtS Sto 'A9€ ihe ok program is

. leading the way

Long Duration Storage Shot

&

Reduce storage costs ..\N storage systems
by 90%"*... that deliver 10+ hours .in Tdecade
of duration

*from a 2020 Li-ion basaline

Clean power anytime, anywhere.
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Redox Flow Batteries are one of the few scaleable
technologies for long duration energy storage

N POt Souree Redox couples
stored in tanks and
pumped over
electrodes to
charge and
discharge
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>125 companies
world wide focused
on various redox
couples
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5 Top Flow Battery Startups startus
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This Heat Map illustrates the geographical distribution of 5 out of 124 flow battery startups
disrupting the energy industry.




Scale power and energy density through design of cell
stacks, volume materials, and redox couples
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Goalis to (1) reduce costs and (2) push energy density to
higher values reducing footprint and driving functionality

4

= Li/FeCl, (aq)

‘__‘H:‘If.flz (aq) "
[+l 5
- Li/K,Fe(CN), (aqg)
3 iﬁ._
E
2
E 5’ e Zn/Ce Semi-solid
b
= 2 Li-S
ﬁ «ZEBB
> ]"—ﬂrﬂﬂnic «Soluble lead-acid
> 1 i 200 Wh L
1‘3 WPnE.r halide ePSE
- FelCr __ e 100 Wh L
FelV 'ﬂ e
A 50 Wh L
0 1 | . | | | |
0 1 2 3 4 5 6

Number of Electrons x Concentration (M)

Lower cost to improve
adoption

- VRFB about 60-80%/kWh
(10% Vanadium)

Increase energy density to
reduce capital costs

- Current generation of
commercialized aqueous
systems have relatively low
energy density

V-RFB ~25-35 Wh/L
Zn-Br ~70 Wh/L



Strong incentive to push energy density to higher values
reducing footprint and driving functionality
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Major technological areas that need addressed

Challenge 1. Redox active
species

- Push to multivalent
chemistry
Non-aqueous species

- Soluble redox active
Organics

- Sulfides

- Stability with tfime and
potential

Talk 601, 602, 605 — several
posters
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Infinite number of redox couples enables critical science
Example of organic redox couples Example of inorganic redox couples
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Major tfechnological areas that need addressed

Challenge 2. membranes

- Prevent diffusion of active
species

- Enhance ion transport
while reducing
overvoltages

- Stability with tfime and
potential

- Cost

Catholyte

Talk 603, 604 — several posters
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I Wrench out transport resistances to obtain maximum power
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Major tfechnological areas that need addressed

Challenge 3. Diffusion and

— transport kinetics

- lonic conductivity as a
function of viscosity
- Solubility of all species in
solution
Anolyte  _ Protic vs. Aproftic

Catholyte

Talk 603 — several posters
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lonic conductivity under flow becomes challenge with
solubllized species

Shear thickening electrolyte

Shear Thickening
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Stabillity with temperature and environment conditions

« Temperature in central
Pennsylvania was 1°C
10/9/22 when the windmills

were spinning

» Crifical challenge is |
temperature swings which
affect ion transport

 Materials stability
— Redox molecules
— Tanks

- Pumps Areas where there is lost of wind also have
wide temperature swings but are used to
%OAK RIDGE seeing big tanks

ional Laboratory
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