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Sustainable, Safe and Scalable Stationary Energy Storage
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±ŀƴŀŘƛǳƳΣ ƛǊƻƴΣ ŎƘǊƻƳƛǳƳΣ ōǊƻƳƛƴŜΣ Χ
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Vanadium-RFB: An unpredictably expensive system
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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 November 
2018

High cost of extraction as by-ǇǊƻŘǳŎǘ ŦǊƻƳ ŎƻŀƭΣ Χ

https://www.vanadiumprice.com/
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Vanadium demand in competitive markets is on the rise
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IFBF, 2018.
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Li-ion batteries
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McKinsey, 2018.

Cobaltfrom Congo and substitute nickel: A bottleneck
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About JenaBatteriesGmbH

Founded in 2012, JB holds global patents for organic redox-flow batteries.

In August 2016 we welcomed two new investors with outstanding expertise in R&D, 

Engineering and Business Development. This speeds up the transformation towards an 

economically successful company.

JB is an innovative company that produces and develops large-scale 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 award-winning Batteries avoid heavy metals and aggressive materials like 

sulphuricacid.

JB is supported by: 

Homepage: www.jenabatteries.com
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JenaBatteriesΩ metal free aqueous RFB

Sustainable and easy-to-handle:
A water-based electrolyte replaces 

highly corrosive, acidic, vanadium-based electrolytes.
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RFB electrolytes

Organic solvents

AŎŜǘƻƴƛǘǊƛƭŜΣ ƻǊƎŀƴƛŎ ŎŀǊōƻƴŀǘŜǎΣ Χ

High electrolysis stability

Expensive salts (TBAPF6, NaClO4Χύ

Low ion-mobility

High resistance

High cost

Flammable

Water

Limited potential window due to 
water electrolysis

Cheap and nontoxic salts (NaClΣ Χύ

High ion-mobility

Low resistance

Low cost

Safe

Simple molecular design Water soluble molecules needed
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Angew. Chem. Int. Ed. 2016, 55, 14427-14430.



Aqueous solutions are favored due to cost, safety and conductivity

TEMPO/viologen-system uses a great part of water stability window

Organic active materials
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J. Winsberg et al., Angew. Chem. Int. Ed. 2017, 56, 686-711.

O2 evolutionH2 evolution water stability

0.0 V

Viologen

TEMPO

-0.42 V
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How to chose organic active materials
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2,2,6,6-Tetramethylpiperidinyloxyl (TEMPO) derivatives

Persistent radicals

Cheap educts (acetone und ammonia)

Simple synthesis routs for various R-groups

R

Activepart

Molar massN-O: 30 g/mol

Molar massTEMPO: 156 g/mol

R R

Assumption: 
100 USD/kWh
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R. Dmelloet al., J. Power Sources2016, 333, 261-272.



How to chose organic active materials
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RR
пΣпΨ-Bipyridinium derivative (viologene)

Rapid redox kinetics

Some derivative are available on industrial scale

Activepart

Molar mass= 257 g/mol

Molar mass= 500 g/mol
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E.S. Behet al., ACS EnergyLett. 2017, 2, 639-644.



Electrochemical performance
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T. Janoschka et al., Angew. Chem. Int. Ed. 2016, 55, 14427-14430.
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