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Whatis a Flow Battery?

B Arbitrary classical classification

B Thought experiments (flowing suspensions, reversible fuel cell, changing
aggregate state, reversibility?)

“ Electrolysis, Galvanisation?
B Better: classification by basic process types
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Whatis a Flow Battery?

Irreversiple Reversible Irreversible

Process Type
Batch Process

Continous Process

Qut Qut/In In

B Consequences: Electrical Energy

= Reversible fuel cells are RFBs

" RFBS represent a kind highest form of electrochemical energy conversion, since they can
immediately take any other form

m Reversibility is diffuse - considering the actual use
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2007- FraunhoferMaVo AES

Fraunhofer Project "Marktorientierte VorlaufforschungAdvancedEnergy Storage"

A

A
A
A

Studyof different storageTechnologiesor different Szenarios
ICT wasesponsibleor electrochemicaktorage

Not muchpublicinformationavailable

1stto build atest celland produceelectrolyteto studybehaviorof different chemistries
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Flachenbedarf — Vanadium Redox Flow Batterie 2 MW, 20 MWh
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2008- V/V FlowBattery

VRFB20 mA/cm-2; 1.6 mol/L; 60 mL (2,6 Ah); 293 K
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2008- F¢ CrFlowBattery
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Energy efficiency

2008- Fd Cr, Zn/Br

FECr-FB (1 M, 20 mAm?

ZnBr - FB (1 M, 20 mAim?)
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2009- Alternative celldesigns

Tubularflow battery design Spiralwound (swissroll) design

J. Noack, KRennebeckL.L6we J.Tlbke International Symposium on Electrochemistry for Energy Conversion and Storage, International Society of
Electrochemistry, Wuhan (Three Gorges), China, 2009
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2009- Treatmentof materialsfor VFBs

Acidtreatment Heattreatment

energy efficiency
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J. Noack, Jubke KonferenzbeitragThe Electrochemical Society, 216th Meeting, Vienna, Austria,
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2009- VFBtest car @ eCarTecR009 Munich / Germany
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2009/2010- Vanadium/Oxygerfuel cell (VOFQ
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2010- OrganicFlowBatteriesV(Acaqg./Acetonitrile
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2010- VFB kWlasstest system
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2011- VFB kWtlassstacks
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A 600cmz 22 cells, 1& 35 V

A M.ax. 60 A, 1,5 kV_V A Electricateststwo cell stack
A Simple stack design A 30 mAEm2

A Simple assembly A Power: 40c 50 W

Ve

A Process technologies for series production
(Injectionmouldingof frames)
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2012- VOF&W classdemonstrator
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J. Noack, Juebke 3rd International Flow Battery Forum, Munich, Germany, 2012
J. Noack, T. Roth, Mihn, J.Tuebke The 7th International Green Energy Conference &
TheDNL1st Conference on Clean Energy, Dalian, China, 2012
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VFB¢ Upscalingo 2 MW/20 MWh -

fir Bildung

= _j?i'ﬂ .“ und Forschung

Baden Wirttemberg
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2MW wind turbine

redox flow battery

ICT
load management

RFB
Sonvars i Z Fraunhofer  SIEMENS .
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2012- Ongoing- Standardisationof Flow Batteries

A CENELEC European Commiti@eElectrotechnicalStandardization

A CWA 50611: Flow batteriesGuidance on the specification,
installation and operation, April 2013

A International ElectrotechnicalCommission(IEC)

A ¢/ wuwm \Sécbndayeellsandbatteriesfor renewableenergystoraged
International

A IEC 614272: Secondary cells and batteries for renewable energy
storage¢ General requirements and methods of test
Part 2: Ongrid applications

Electrotechnical

( M Commission

-~

A ¢/ HwmM W2 Dattery systénisBratationary applicationsx

>

IEC 62932 ED1Flow Battery Systems for Stationary applicatiqi®art 1: Terminology

IEC 62932-1 ED1: Flow Battery Energy System for Stationary applicatiBast 21:
Performance general requirements and test methods

IEC 62932-2 ED1: Flow Battery Systems for Stationary applicatid?ert 22: Safety
requirements

A German National Committee D K E
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2013- Microgrid simulations

Monthly Average Electric Production
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2014- VFBuninterruptible power supply
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Cell voltage [V]

2014- H/Br flow battery
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2D & 3DMeasurements
- ConstructionDetalls
- Anysizel!

Possibilityfor time resolved
measurements
- Flowdistributionin cells
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2016- TechneEconomicaModeling and Simulatiorof

Flow Batteries
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A Important Valuesfor LCOE: CAPEX + Life time + Recycling

A Life timeandrecyclingare currentlythe mostimportant valuescomparedto other technologies
(LAB, LIB)

A CAPEX ($/kWh} not compareablé
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2016- VFB¢ OxidationMechanismsof V(I
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VRFB; Upscalingo 2 MW/20 MWh

Bundesministerium

P g % e fi Bildung

und Forschung

Funded by the county of Baden Wirttemberg
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VRFRB; Upscalingo 2 MW/20 MWh

X ¥ o | Bundesministerium
4-??-* g ) a} o | firBildung
- + AP und Forschung

Funded by the county of Baden Wirttemberg

The first module has been put in operation end of December 2017.

26

~ Fraunhofer @ ENELEST

© CENELEST IcT



Bundesministerium
s o fir Bildung
o eiinl und Forschung

Funded by the county of Baden Wirttemberg

Current status:

A 42 Stacks are connected in the first half
module and brought into operation. The
first testing cycles confirms data measure
on individual stacks

A Nearly 360 t (300 ms3, 10 MWh) of the
vanadium electrolyte has been filled in tf
tanks already.

A Wind turbine isin operation, but DC
connectionto battery will be established
in 2018

.
V iy
5 /
‘ i

TrumpfHuttinger DGPowerElectrinicsfur VRFB
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2017- CENELEST

A GermanAustralianAlliancefor Electrochemicalechnologiedor Storage of
RenewableEnergy

Projectto establisha center(CENELEST) at UNSW/Sydney
Projectstart 08/2017,CollaborationFraunhofer ICTUNSW
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2017- CENELEST

A Thematidfocusis flow batteriesbut also liquidmetal batteriesand hydrogen
A UNSWdevelopedthe VanadiumRedoxFlowBatteryin early 1980still today

A Fraunhofer IC® developingmanydifferent RedoxFlowBatteriessince2007 andnstalled
9 dzN.P Iad§est¥anadiumRedoxFlow Batterie (2 MW/ 20 MWh)

--> Bringingtogether Fraunhoferappliedresearchand UNSWasicresearch
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2017- VanadiumMater electrolyserc Recharge/OFC
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