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The MULTIBAT Project

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

numerical simulation

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

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

I Participating institutes:

Associated industry partner: Deutsche ACCUmotive
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Problem

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

I Need microscale models which
resolve active particle geometry.

I Result: huge non-linear discrete
models.

I Cannot be solved at cell scale on
current hardware.

I Parameter studies extremely
expensive, even on small domains.

Figure : Simulation of microscale
battery model on
48µm × 24µm × 24µm domain
with random electrode geometry.
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Microscale Model

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

∂c

∂t
−∇ · (α(c, φ)∇c + β(c, φ)∇φ) = 0 c : Li+ concentration

−∇ · (γ(c, φ)∇c + δ(c, φ)∇φ) = 0 φ : potential

(α, β, γ, δ constant in first approximation)

I Normal fluxes at particle/electrolyte interface are given by Butler-Volmer
kinetics:

jse = 2k
√

cecs(cmax − cs) sinh

(
φs − φe − U0(

cs
cmax

)

2RT
· F

)

Nse =
1
F
· jse
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Microscale Model

I Finite volume discretization with implicit Euler leads to[
1

∆t
(c

(t+1)
µ − c

(t)
µ )

0

]
+ Aµ

([
c

(t+1)
µ

φ
(t+1)
µ

])
= 0, c (t)

µ , φ(t)
µ ∈ Vh

I Model has been implemented at Fraunhofer ITWM in .

I µ ∈ P indicates dependence on model parameters we want to vary
(e.g. temperature T , charge rate).
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The Reduced Basis Method

I Model order reduction technique for parameterized PDEs.
I Idea: Find solution in problem adapted low-dimensional reduced subspace of

generic discrete function space.

ctµ

c̃tµ

{ctµ|µ∈P,0≤t≤t∗}

Ṽc

Vh
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The Reduced Basis Method
I Online phase: Determine reduced solution by solving projected equation[

1
∆t

(c̃
(t+1)
µ − c̃

(t)
µ )

0

]
+{PṼ ◦ Aµ}

([
c̃

(t+1)
µ

φ̃
(t+1)
µ

])
= 0, c̃ (t)

µ ∈ Ṽc , φ̃
(t)
µ ∈ Ṽφ

I Offline phase: Build Ṽc , Ṽφ using iterative greedy algorithm:

1: function GREEDY(Strain ⊂ P, ε, Ṽ 0
c , Ṽ 0

φ)
2: Ṽc , Ṽφ ← Ṽ 0

c , Ṽ
0
φ

3: while maxµ∈Strain ERR-EST(RB-SOLVE(µ), µ) > ε do
4: µ∗ ← arg-maxµ∈Strain ERR-EST(RB-SOLVE(µ), µ)

5: Ṽc , Ṽφ ← BASIS-EXT(Ṽc , Ṽφ, SOLVE(µ∗))
6: end while
7: return Ṽc , Ṽφ
8: end function

,
,

Stephan Rave (stephan.rave@wwu.de)



liv
in

g
kn

ow
le

dg
e

W
W

U
M

ün
st

er

Westfälische
Wilhelms-Universität

Münster Model Reduction of Microscale Li-Ion Battery Models 7 /11

The Reduced Basis Method
I Online phase: Determine reduced solution by solving projected equation[

1
∆t

(c̃
(t+1)
µ − c̃

(t)
µ )

0

]
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c , Ṽ 0
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Empirical Interpolation
I Evaluation of

PṼ ◦ Aµ : Ṽc ⊕ Ṽφ −→ Vh ⊕ Vh −→ Ṽc ⊕ Ṽφ

still costly.

I Use locality of finite volume operators: to evaluate M DOFs of Aµ(c, φ) need
only M ′ ≤ C ·M DOFs of (c, φ).

I Approximate

PṼ ◦ Aµ ≈ PṼ ◦ (IM ◦ Ãµ ◦ RM′)

where
Ãµ: Aµ restricted to M interpolation DOFs
IM : Interpolation operator

RM′ : Restriction to M ′ DOFs needed for evaluation
I Use greedy algorithms to determine DOFs and interpolation basis.
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PṼ ◦ Aµ : Ṽc ⊕ Ṽφ −→ Vh ⊕ Vh −→ Ṽc ⊕ Ṽφ

still costly.
I Use locality of finite volume operators: to evaluate M DOFs of Aµ(c, φ) need

only M ′ ≤ C ·M DOFs of (c, φ).
I Approximate
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Implementation
I Experimental implementation of battery model with Dune software

framework.

I Model reduction with pyMOR.

I Integration of pyMOR with .

I Small 3D test case
(3.2 · 104 DOFs)

I T ∈ [250, 350]K
Icharge ∈ [10−4, 10−3]A/cm2

I without operator interpolation
ERR-EST = true error

8 16 24 32
10−5

10−4

10−3

10−2

basis size per space

re
l.
L
∞

−
L

2 -
er

r.

c

φ
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Other Applications

Localized Reduced Basis Methods for
Maxwell’s Equations

Model Reduction for Inverse Network
Models

,
,

Stephan Rave (stephan.rave@wwu.de)



liv
in

g
kn

ow
le

dg
e

W
W

U
M

ün
st

er

Westfälische
Wilhelms-Universität

Münster Model Reduction of Microscale Li-Ion Battery Models 11 /11

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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