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What is a Flow Battery?
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What is a Flow Battery?
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Fraunhofer Project "Marktorientierte Vorlaufforschung - AdvancedEnergy Storage"

Å Study of different storageTechnologies for different Szenarios

Å ICT was responsiblefor electrochemicalstorage

Å Not muchpublicinformationavailable

Å 1st to builda test celland produceelectrolyteto studybehaviorof different chemistries

2007 - Fraunhofer MaVoAES
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2008 - 2 MW Vanadium Flow Battery - Pre-Design
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2008 - V/V Flow Battery

VRFB20 mA/cm -2; 1.6 mol /L; 60 mL (2,6 Ah); 293  K

Á Charge: 

Ágalvanostatic 1,0 A bis 1,65 V (20 mA/cm²)

Ápotentiostatic 1,65 V - 0,5 A

Á Discharge:

Ágalvanostatic 1,01 A - 0,8 V (20 mA/cm²)

Ápotentiostatic 0,8 V - 0,5 A

24 h OCV

1,39 V
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2008 - Fe/ CrFlow Battery
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2008 - Fe/ Cr, Zn/Br

Zn/Br - FB (1 M, 20 mA/cm²)Fe/Cr- FB (1 M, 20 mA/cm²)

J. Noack, J. Tübke, BATTCONςInternational stationary battery conference, Florida, USA, 2009
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2009 - Alternative cell designs

J. Noack, K. Rennebeck, L. Löwe, J. Tübke, International Symposium on Electrochemistry for Energy Conversion and Storage, International Society of 
Electrochemistry, Wuhan (Three Gorges), China, 2009

Tubularflow battery design Spiral wound (swissroll) design
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2009 - Treatment of materialsfor VFBs

J. Noack, J. Tübke, Konferenzbeitrag, The Electrochemical Society, 216th Meeting, Vienna, Austria, 2009

Acid treatment Heat treatment

SEM of felt after 5h conc. H2SO4 cooking
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2009 - VFB test car@ eCarTect2009 Munich / Germany
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2009/2010 - Vanadium/Oxygen fuel cell (VOFC)
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Á 2 mg/cm²Pt 40 % C, NAFION®117 (Baltic FuelcellsGmbH, Germany)

Á 1.6 M V2+, 2 M H2SO4, 0.05 M H3PO4 (Electrolytically produced by 
electroreduction of 0.8 M VOSO4, 0.8 M V2(SO4)3

Á 40 cm²active area

Á Graphite felt (GFA5, SGL-Carbon, Germany)

Á Graphite composite bipolar plate (FU 4369, Schunk Kohlenstofftechnik
GmbH, Germany)

200 mL 80 mL/min1.6 M V2+, 50 mL/min Air, 8.6 Ah, 25 mA/cm²
J. Noack, C. Cremers, K. Pinkwart, J. Tuebke, Konferenzbeitrag, The Electrochemical 
Society, 218th Meeting, Las Vegas, USA, 2010
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2010 - OrganicFlow BatteriesV(Acac)3/Acetonitrile

- 10 cm²activearea
- Scimatmicroporousseparator
- 0.1 M V(Acac)3, 0.05 M TEABF4
- Acetonitrile
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- 20 mA (2 mA/cm²) galvanostatic
chargeup to 2 V, 2.2 V, 2.4 V, 2.6 V

- 5 min OCV-Measurement
- 5 mA (0.5 mA/cm²) 
galvanostaticdischargedown to 0.3 V
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2010 - VFB kW classtest system
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2011 - VFB kW classstacks

Á 600 cm², 22 cells, 18 ς35 V

Á Max. 60 A, 1,5 kW

Á Simple stack design

Á Simple assembly

Á Process technologies for series production 
(Injection mouldingof frames)

Å Electricalteststwo cellstack
Å 30 mA/cm²
Å Power: 40 ς50 W
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2012 - VOFCkW classdemonstrator

J. Noack, J. Tuebke, 3rd International Flow Battery Forum, Munich, Germany, 2012
J. Noack, T. Roth, M. Hihn, J. Tuebke, The 7th International Green Energy Conference & 
The DNL1st Conference on Clean Energy, Dalian, China, 2012
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VFB ςUpscalingto 2 MW/20 MWh

200 kW/200kWh LiFePo Battery

2MW/20MWh VRFB

2MW wind turbine
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2012 - Ongoing- Standardisation of Flow Batteries

Â CENELEC European Committee for ElectrotechnicalStandardization

Â CWA 50611: Flow batteries ςGuidance on the specification, 
installation and operation, April 2013

Â International ElectrotechnicalCommission(IEC)

Â ¢/ нм W²D ун αSecondarycellsand batteriesfor renewableenergystorageά

Â IEC 61427-2: Secondary cells and batteries for renewable energy 
storage ςGeneral requirements and methods of test ς
Part 2: On-grid applications

Â ¢/ нм W²D т αCƭƻǿ battery systemsfor stationaryapplicationsά

Â IEC 62932-1 ED1: Flow Battery Systems for Stationary applications ςPart 1: Terminology

Â IEC 62932-2-1 ED1: Flow Battery Energy System for Stationary applications ςPart 2-1: 
Performance general requirements and test methods

Â IEC 62932-2-2 ED1: Flow Battery Systems for Stationary applications ςPart 2-2: Safety 
requirements

Â German National Committee

Â 5Y9 !Y отмΦлΦс αCƭǳǎǎōŀǘǘŜǊƛŜƴά
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2013 - Microgrid simulations
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2014 - VFB uninterruptible power supply
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2014 - H/Br flow battery

Å High currentdensitiespossibly, but
Å complexingagentsareblockingion exchangemembranes
Å developmentof alternative complexingagents
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2015? - Computer Tomographyof Stacks (1 kW classstack)

- 2D & 3D Measurements
- ConstructionDetails
- Anysize!

- Possibilityfor time resolved
measurements

- Flow distribution in cells
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2016 - Techno-EconomicalModeling and Simulation of
Flow Batteries

Â ImportantValues for LCOE: CAPEX + Life time + Recycling

Â Life time andrecyclingarecurrentlythe most important valuescomparedto other technologies
(LAB, LIB)

Â CAPEX ($/kWh) is not compareable!



© CENELEST

24

2016 - VFB ςOxidation Mechanismsof V(III)
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N. Roznyatovskaya, J. Noack, M. Fühl, K. Pinkwart, J. Tübke, ElectrochimicaActa2016, 211, 926ς932.
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VRFB ςUpscalingto 2 MW/20 MWh
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VRFB ςUpscalingto 2 MW/20 MWh

The first module has been put in operation end of December 2017. 
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VRFB ςUpscalingto 2 MW/20 MWh

Foto with courtesy of J. Schmalz GmbH & Co KG
Current status:

Â42 Stacks are connected in the first half 
module and brought into operation. The 
first testing cycles confirms data measured 
on individual stacks 

ÂNearly 360 t (300 m³, 10 MWh) of the 
vanadium electrolyte has been filled in the 
tanks already. 

ÂWind turbine is in operation, but DC 
connectionto battery will be established
in 2018

Trumpf-HüttingerDC-Power Electrinicsfür VRFB
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2017 - CENELEST

ÂGerman-AustralianAlliance for ElectrochemicalTechnologies for Storage of 
RenewableEnergy

ÂProject to establisha center(CENELEST) at UNSW/Sydney

ÂProject start 08/2017, CollaborationFraunhofer ICT - UNSW
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2017 - CENELEST

Â Thematicfocusis flow batteriesbut also liquid metalbatteriesand hydrogen

Â UNSW developedthe Vanadium RedoxFlow Batteryin early1980s till today

Â Fraunhofer ICT isdevelopingmanydifferent RedoxFlow Batteriessince2007 and installed
9ǳǊƻǇŜΨǎlargestVanadium RedoxFlow Batterie (2 MW/ 20 MWh)

-->BringingtogetherFraunhofer appliedresearchand UNSW basicresearch
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2017 - Vanadium/Water electrolyserςRechargeVOFC

WΦ bƻŀŎƪ Ŝǘ ŀƭΦΣ α±ŀƴŀŘƛǳƳ tǊƻǘƻƴ 9ȄŎƘŀƴƎŜ aŜƳōǊŀƴŜ WaterElectrolyserάΣ WƻǳǊƴŀƭ of Power Sources 2017, 349C, 144-151


