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Quino Energy Makes Organic Flow Batteries 099.

Quinone Flow battery stack Ferrocyanide
from xylene (non-toxic food additive)

Our water-based quinone
battery is:

» 30-40% cheaper than LFP
with 10x slower degradation,

» with a 3x smaller footprint,
» doesn’t catch fire, and

> 1s Made in USA with no
critical or PFAS materials.
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OUING-ENERGY

Quino Energy’s Chemistry Leverages Existing Hardware

» Uses vanadium flow battery
Quinone Flow battery stack Ferrocyanide ; i
from xylene g (non-toxic food additive) hardware Wlth mlnlmal‘
modification
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» Vanadiumis replaced by an
organic reactant thatis1/4
the cost and much more
abundant
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» The upstream raw materials
are benzene and xylene and

can make >20,000 GWh/year
of reactants
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Quino Energy Enables Ultrahigh Energy Density 09,

Quino Energy’s alkaline electrolyte is compatible with carbon steel tanks.
Large tanks enable a very high areal energy density 3x that of LFP batteries.

Posolyte tank
olyte tank -
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Power Block
Google'Maps
M. Marshak et al., Energy Advances2023; 2,1357-1365 Google Maps
Elkhorn Battery in Moss Landing, CA Enterprise Products Tank Farmin Houston, TX
(Tesla Megapack 2 XL) (Hypothetical Quino Energy LTFF RFB)

730 MWh, 13,500 n?, 54 kWh/m? 150,000 m?3 at 20 Wh/L =3 GWh, 18,000 m?, 167 kWh/m?



Quino’'s Process Enables Easy Domestic
Manufacturing and Massive Scalability

QUIND ENERGY

Quino Energy's battery materials are made from low-cost

dyes..

Phthalic anhydride

6,000,000 tons/year
(2023 cost $3.81/kWh)

Dyestuff
manufacturers

Quinone dyestuff

(Actual color)

Quino’s
process

Battery active
materials

5,000tons =1GWh
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Quino’'s Process Enables Easy Domestic 299.
Manufacturing and Massive Scalability

Quino Energy's battery materials are made from low-cost
dyes in our one-step, zero-waste process that uses
flow battery hardware as the production reactor itself.

Dyestuff Quino’s
manufacturers ~ process

Quinone dyestuff

Phthalic anhydride

6,000,000 tons/year
(2023 cost $3.81/kWh)

Battery active
materials

(Actual color) 5,000 tons =1GWh



Quino’s Process Enables Easy Domestic 099.

Manufacturing and Massive Scalability

Out: Ready-to-use negolyte
inreduced state

Out: 0,gas | <Cmmmmmmmm

Product

Na*, K, circulated
e~ H,0 backtoaid
dissolution

In: DihydroxyAQ.
and glyoxylic acid

In: NaOH .
and KOH

Zerowaste, 100% conversion,

continuous flow process >95% purity




Ton Scale Manufacturing of DCDHAQ: MRL 7 099,
Pilot Scale Cycling of DCDHAQ: TRL 6

Cycling in commercial flow battery systems




Summing Up e99.

At Harvard (until April 2021) At Quino (April 2021 onwards)
= MRL3: Gram-scale chemical = MRL7: Pilotproductionline for zero-
synthesis at 70% yield waste continuous flow e-chem

synthesis at ton scale,
100% conversion, 93% purity

= TRL3: 5cm?singlecells = TRL6: Commercialflow battery
(~0.5W, 0.5 Wh) systems (6 - 100 kWh) on a
Ina glovebox microgrid

= ~10%/year capacity fade = ~0.17%/year capacity fade
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Long-Term Cycling of DCDHAQ vs. Ferrocyanide 00.
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This experiment on the left gives ~0.17%/year
degradation over 6 months of cycling.
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" Normal cycling at

_ The exact degradation rate is so low that itis
~80% Depth of Discharge

difficult to measure accurately!

0 30 60 90 120 150 180 At1cycle per day at 80% DoD, grid-scale LFP
Time (days) batteries degrade at 2.6%/year.
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OH O  OH DCDHAQ

Putting Everything Together PGP 009.
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CHOCO,H x2

(glyoxylic acid)

disproportionation
+reduction
oH o on disproportionation OH OH OH OH
Flow Battery = g O
OH OH OH St
ack
HO,C OOO CO,H O DCDHAQ x3 OH Red-Intermediate 2
+ H,0 x2
+DCDHAQx2 +H,0
OH Red-DCHAQ x2
OH O  OH
HO,C O‘O COoH Product
DCDHAQX!  gtream

o + H,0 x2



Quino’s Process Enables Easy Domestic 099.
Manufacturing and Massive Scalability
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Rapid Growth Timeline Enabled by Leveraging 299.
Existing Vanadium RFB Hardware

2024 2025 2026
100 kWh 2-20 MWh ™. 20-200 MWh
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