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The MULTIBAT Project

Gain better understanding of degradation processes in
rechargeable Li-ion batteries through mathematical modelling and
numerical simulation

» Focus on Li-plating, i.e. deposition of metallic Li at electrode/electrolyte
interface.

» Funded by German Federal Ministry of Education and Research (BMBF).

> Participating institutes:

i 1#7 Institute of Technical =
@ uu | m DLR  Thermodynamics Z Fraunhofer

ITWM

Associated industry partner: Deutsche ACCUmotive
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Problem

» Li-plating is initiated at micrometre
scale at interface between active
electrode particles and electrolyte.

» Need microscale models which
resolve active particle geometry.

» Result: huge non-linear discrete

models. Figure : Simulation of microscale
> Cannot be solved at cell scale on battery model on

current hardware. 48um X 24pum X 24pm domain

> Parameter studies extremely with random electrode geometry.

expensive, even on small domains.
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Microscale Model

» On each part of domain (electrode, electrolyte, current collector):

e _ V - (a(c,d)Ve + B(c,9)Ve) =0 ¢ : Li" concentration

ot
—V - (v(c,$)Vec+d(c,p)Vp) =0 ¢ : potential

(o, B, 7, d constant in first approximation)
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Microscale Model

» On each part of domain (electrode, electrolyte, current collector):

e _ V - (a(c,d)Ve + B(c,9)Ve) =0 ¢ : Li" concentration

ot
~V - (v(c,p)Vc +6(c,p)Ve) =0 ¢ : potential

(o, B, 7, d constant in first approximation)

» Normal fluxes at particle/electrolyte interface are given by Butler-Volmer

kinetics:
¢s_¢e_U0( = )
-se:2k eCs\Cmax — Cs inh cmaxZ
J cecs(c cs)sin ( SRT
1 .
Nse — F * Jse
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Microscale Model

» Finite volume discretization with implicit Euler leads to

1 () (1) (t+1)
|:At CL 0 Cp ):| A, <|:C;(Lt+1):|> —o0 C;(l,t)7 Ef) cV,

)
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Microscale Model

» Finite volume discretization with implicit Euler leads to

1 () (1) (t+1)
|:At CL 0 Cp ):| A, <|:C/Zt+1):|> —o0 C‘L(l,t)? Ef) cV,

)

» Model has been implemented at Fraunhofer ITWM in O@@BEST
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Microscale Model

» Finite volume discretization with implicit Euler leads to

1 () (1) (t+1)
|:At CL 0 Cp ):| A, <|:C/ELt+1):|> —o0 C‘L(l,t)? Ef) cV,

)

» Model has been implemented at Fraunhofer ITWM in Q@@BEST

» 1 € Pindicates dependence on model parameters we want to vary
(e.g. temperature T, charge rate).
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The Reduced Basis Method

» Model order reduction technique for parameterized PDEs.

» |dea: Find solution in problem adapted low-dimensional reduced subspace of
generic discrete function space.
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The Reduced Basis Method

» Online phase: Determine reduced solution by solving projected equation

1 x(tH1) (1) ~(t+1) . 5
[Af(cﬂ 0 Cu ):| +{P\7 o Au} <|::'5;(Lt+1):|> =0, E;(tt) € V67¢£Lt) € Vg
"
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The Reduced Basis Method

» Online phase: Determine reduced solution by solving projected equation

1 x(tH1) (1) ~(t+1) . 5
[Af(cﬂ 0 Cu ):| +{P\7 o Au} ([;l(‘rﬂ)]) =0, 5;(Lt) € Vc,¢5f) € Ve
"

» Offline phase: Build V., V, using iterative greedy algorithm:

1: function GREEDY(Strain C P, €, V2, V3)

2 Ve Vo VO, V8

3 while maxcs,,,,, ERR-EST(RB-SOLVE(p), i) > € do
4 W 4 arg-max,cs . ERR-EST(RB-SOLVE(1), 1)
5: Ve, Vi + BASIS-EXT( Ve, Vi, SOLVE(i*))

6 end while

7 return V., V,

8: end function
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Empirical Interpolation

» Evaluation of
PyoA,: V. @ \~/¢ — Vi V) — Vc@\7¢
still costly.
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Empirical Interpolation

» Evaluation of
ProAu:Ve@ Vs — Vid Vo — Ve @ Vs

still costly.

» Use locality of finite volume operators: to evaluate M DOFs of A, (c, ¢) need
only M’ < C - M DOFs of (¢, ¢).
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Empirical Interpolation

» Evaluation of
ProAu:Ve@ Vs — Vid Vo — Ve @ Vs

still costly.

» Use locality of finite volume operators: to evaluate M DOFs of A, (c, ¢) need
only M’ < C - M DOFs of (¢, ¢).

» Approximate

PVoAMzPVo(IMoAuoRM/)

where
A,: A, restricted to M interpolation DOFs
Im:  Interpolation operator
Rys:  Restriction to M’ DOFs needed for evaluation
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» Evaluation of
ProAu:Ve@ Vs — Vid Vo — Ve @ Vs

still costly.
» Use locality of finite volume operators: to evaluate M DOFs of A, (c, ¢) need
only M’ < C - M DOFs of (¢, ¢).

» Approximate
Py oA~ Pyo(luoA,oRy)

where
A,: A, restricted to M interpolation DOFs
Im:  Interpolation operator
Rys:  Restriction to M’ DOFs needed for evaluation

» Use greedy algorithms to determine DOFs and interpolation basis.
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Implementation
» Experimental implementation of battery model with S ortware

framework.
» Model reduction with pyMOR.
» Integration of pyMOR with @ O@BEST .
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Implementation
» Experimental implementation of battery model with S ortware

framework.
» Model reduction with pyMOR.
» Integration of pyMOR with @ O@BEST .

» Small 3D test case 102 F ‘ M—e—c H
(3.2 - 10* DOFs) 5 i —&— 0 |

> T € [250, 350] K S0 ~
leharge € [107%, 1073] A/cm? 8 & ]
—4 | |

» without operator interpolation R =
ERR-EST = true error 2 . :
1075 & \ \ =

8 16 24 32
basis size per space
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Other Applications

Localized Reduced Basis Methods for Model Reduction for Inverse Network
Maxwell’s Equations Models
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Thank you for your attention!

AG Ohlberger

http://wwwmath.uni-muenster.de/num/ohlberger

pyMOR — Model Order Reduction with Python
http://pymor.org

Model Reduction for Parameterized Systems
http://morepas.org
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