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Introduction - Flow batteries (FB) & state of charge (SoC)

Redox flow batteries

o Electrochemical energy storage (4-12 h)
Power and energy independently salable
Very high cycle life

Range of cell chemistries

All vanadium chemistry (VFB) established
and used for this feasibility study
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Introduction - SoC measurement approaches
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Introduction — State of health (SoH) processes and quantities
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o CapaC|ty Qm decrease over cycles  Lidata

State of Health SoH (cycle i) =
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o Discharge capacities — cell level

o operation parameters O deh (z)

o electrode & electrolyte aging SoH dch (Z) —

o Totally available charge carriers - half cells
o indirect observation

Qo (1)

o electrolyte aging SoH;,; (Z) _ Qm,tot <Z>

Qm,tot (1)
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Long term electrolyte changes
o Species crossover = stochiometric imbalance
o Side reactions = oxid./reductive imbalance
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Experimental - Multi obervable measurements for SoC & SoH HAMBURG

Observables (half cell specific)

. - - Cathode Anode ‘
In situ measurements | @ *— —-o @ @
o EO - EY - electrolyte potential

rh - p - electrolyte density [5] Positive electrolyte cycle Bgupriis B;upnizs Negative electrolyte cycle
dp - p - pressure drop Flow Flow
through through

cuvette cuvette

Ve -V - electrolyte volume

pH - E 4 - pH potential

A1/2/3 - UVvis absorptions
o neg. half cell: 400, 600, 800 nm
o pos. half cell: 560, 450, 760 nm

Ex situ measurements

O O O O O

Spectrometer Spectrometer

Pressure
drop cell

Pressure
drop cell

Planar cell
o V concentrations from potentiometric titration
S —_———- —_—, @ s }
Argon Electric circuit Electrolyte Light
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Experimental — Long term cycling
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Long term runs

o 500 — 1,000 h of cycling
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Experimental — Long term data SoC & SoH observables
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Short term changes = SoC

Electrochimica Acta 490 (2024) 144239
N. Janshen et al
Electrochimica Acta 517 (2025) 145707

Temperature corrections

o Positive half cell
o original
o corrected
o Negative half cell

o corrected

Long term changes = SoH
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Results — Reference SoC from cycle specific fits e e
1
SoC fit in each cycle — — |
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Results — Reference SoH from discharge & total capacities = [javsurs
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Results — Stepwise SoC,,,, and SoH,,, estimation =i e

1) SoC estimation from half cell potentials E°,,, SoC.,/,(t) = fu/p(Ey ) Tnyp)
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Results — Stepwise SoC

2) SoH from SoC__, and observable obs

o linear model

SoH (t) = a - SCo0est(t) +b-0bs(t) + c

pand SoH,,, estimation
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o SoC, corrects for short term SoC changes of long term SoH sensitive observable obs
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Results — Multi observable SoC,,, and SoH,, estimation

SoC estimation
o prediction from SOC(E®,,,)

o correction from additional observable obs

Promising estimation error reductions

SOC(SOoC
es

¢ obs) - RMSE percentage
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Results — Multi observable SoC,, and SoH,, estimation

SoH estimation
from 2 observables obs1, obs2 ( S0Cn(?) \ ( 1Cin * 50Cest,n(l) +be,n - 0bsn(t) + copn \
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Conclusions & Next steps

Stepwise SoC & SoH estimation

o SoC estimation from half cell electrolyte potentials stable
o SoH from SoC and one additional observable with promising results

Multi-observable SoC & SoH estimation

o Significant SoC error reduction with one additional variable possible
o SoH from two observables with promising results — but further analysis necessary

Next steps

o Analysis

o Multivariate analysis — PCA and PLS for multiple observables

o Incorporation of multi observable data in combined SoC — SoH model
o Experiment

o Long term runs with dominating V crossover

o Long term runs with varying current and flow rates
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Many thanks for your attention
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