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VanadiumRFB: An unpredictably expensive system

999 sponsored by
Prophecy Development Corp.
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» Demand exceeds supply (80,000 t vs. 75,000 t, 2016)

» China and South Africa are closing down polluting mines
» China introduces stricter standards for structural steel (higher V share) from Novemb

2018
» High cost of extraction as /NP RdzOG FNRY O2I f 3 X

https://www.vanadiumprice.com/
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Vanadium demand in competitive markets is on the rise
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LFion batteries

Exhibit 3

Cobalt supply-demand
balance
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Source: McKinsey Basic Material Institute

McKinsey, 2018.

Exhibit 1

Annual battery demand:
electric mobility segments,
stationary battery storage,
consumer electronics,

and machinery

GWh/yr

Source: McKinsey Energy Insights’

Global Energy Perspective (March 2018),
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Cobaltfrom Congo and substituteickel A bottleneck
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Exhibit 4

Class 1 nickel supply-demand
balance
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1 Based on McKinsey nickel mine
supply model, includes existing projects,
brownfield and greenfield expansions in
certain, probable, possible and unlikely
projects.

Source: McKinsey Basic Material Institute
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About JenaBatteriescmbH

» Founded in 2012, JB holds global patents for organic réidaxbatteries.

» In August 2016 we welcomed two new investors with outstanding expertise in R&D,
Engineering and Business Development. This speeds up the transformation toward
economically successful company.

» JB is an innovative company that produces and develops-$aaje energy storage
systems from 40 kWh upwards.

» We are currently building a global partner network with project
developers/technology partners and we are delivering selected pilot plants.

» Our awardwinning Batteries avoid heavy metals and aggressive materials like
sulphuricacid.

» JB is supported by: E FRE - ® | fFZEEm:THf

UROPA FUR THUORINGEN
EUROPAISCHER FONDS FUR REGIONALE ENTWICKLUNG

on the basis of a decision
by the German Bundestag

» Homepage: www.jenabatteries.com
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JenaBatterieSmetal free aqueous RFB

Aqueous
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Sustainable anekasyto-handle:
A water-based electrolyte replaces
highly corrosive acidic,vanadiumbased electrolytes.
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RFB electrolytes

Organic solvents

PAOSUG2YAUONRE SZ
» High electrolysis stability

» Low ion-mobility
» High resistance
»High cost

» Flammable

\ 4

Simple moleculadesign

» Expensive salts (TBARRNaCIQX U

2 NI LingitadPotediaNJn@oyi Hui ® & |~
water electrolysis
» Cheap and nontoxic saltfNeCE X 0
» High ionmobility
» Low resistance

» Low cost
» Safe

Water

\ 4

Water solublemolecules needed

Angew Chem. Int. EQR016 55, 1442714430.
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Organic active materials
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» Agueous solutions are favored due to cost, safety and conductivity
» TEMPOViologensystem uses a great part of water stability window

J. Winsbergt al., Angew Chem. Int. EQR017, 56 686-711.
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Howto chose organi@ctive materials

R »2,2,6,6 Tetramethylpiperidinyloxyl (TEMPQO) derivatives
>fj< » Persistent radicals
N » Cheap educts (acetone und ammonia)

0 » Simple synthesis routs for variousggRoups
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How to chose organic active materials

»n 2-Big¥ridinium derivativejologeng

R_CT_T 7\ jN;R » Rapid redox kinetics
» Somederivative are available on industrial scale
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Electrochemical performance
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T. Janoschkat al.,Angew Chem. Int. ER016 55, 1442714430.
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