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Why does representativity analysis matter ?

How to calculate Representative Volume Element (RVE) size ?

Representativity analysis is essential
• RVE analysis enables model to be predictive. RVE analysis provides imaging 

requirements for FOV.
Representativity analysis must be carefully defined
• RVE is aspect ratio dependent. For electrodes: representative section area 

(RSA) x electrode thickness. RVE is property-specific: RVE = max(RVEp) 
considering all properties p relevant for the model.

• RVE is field of view (FOV) dependent. RVE convergence with FOV must be 
determined to conclude on representativity, otherwise: risk of underestimation.

Microstructure representativity ≠ performance representativity
• Error/representativity propagation from microstructure parameters to 

electrochemical performances. eRVE are increasing with C-rate: larger 
volumes are required to model electrodes at fast charge rate.

• For C-rate ≤2.5, 154x144 µm2 is large enough to verify electrochemical 
performances representativity with a 5% threshold. For higher charge 
rates, RVE analysis is not conclusive as FOV is not large enough to 
confirm convergence.

Is this volume representative ?

… and representative of what ?

… and for which use case ?
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What imaging technique  
should I use to achieve 
representativity ?

Definition
if 𝑝𝑝 𝑉𝑉𝑖𝑖 ≈ 𝑝𝑝 𝑉𝑉𝑗𝑗  ∀𝑖𝑖 ≠ 𝑗𝑗

witℎ �
Ω = Ω𝑉𝑉𝑖𝑖 = Ω𝑉𝑉𝑖𝑖 𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝐬𝐬𝐬𝐬𝐬𝐬𝐒𝐒 Ω

and
𝑉𝑉𝑖𝑖 ∩ 𝑉𝑉𝑗𝑗 = ∅ 𝐈𝐈𝐈𝐈𝐈𝐈𝐒𝐒𝐈𝐈𝐒𝐒𝐈𝐈𝐈𝐈𝐒𝐒𝐈𝐈𝐈𝐈 volumes

 

then Ω is a representative volume for property 𝑝𝑝:
𝑅𝑅𝑉𝑉𝑅𝑅𝑝𝑝 = Ω

Volume 𝑉𝑉𝑖𝑖 of size Ω𝑉𝑉𝑖𝑖  is 
representative of the property p, if 
p calculated on other independent 
volumes 𝑉𝑉𝑗𝑗 of same size is similar 

Dynamic electrochemical RVE (eRVE)

Static RVE and dynamic eRVE comparison and representativity propagation
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Propagation analysis: for a 5% 
std on cell voltage or lithium 
plating, what should be the 
%std for microstructure 
parameters* (y-axis) for a 
given C-rate (x-axis) ?

* No plating were predicted at 1C. Standard deviation has been calculated for the end time shared among the different subvolumes. 
** Extrapolated to the representativity threshold.

• For low C-rate (≤2.5), a higher threshold 
can be used: relative deviations in 
microstructure parameters for both 
electrodes induce lower relative 
deviations in cell voltage and plating 
onset.

• For intermediate charge rate 
(2.5≤C≤3.5) relative deviations in 
microstructure parameters for the NMC 
still induce lower relative deviations in cell 
voltage and plating onset, while for the 
graphite they induce higher deviations. 

• For higher charge rate (≥3.5-4C), 
relative deviations in microstructure 
parameters for both electrodes induce 
larger relative deviations in cell voltage 
and plating onset. * Threshold for the electrolyte normalized effective diffusion coefficient, as this parameter has the largest RVE 

among the microstructure parameters.
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Error propagation:
x% error on microstructure 
parameter is not x% error 

on electrochemical 
performances, and 

likewise for 
representativity threshold.

For instance, electrolyte 
concentration relative std 

between independent 
subvolumes can be 
calculated, and then 

compared with 
microstructure parameter 

representativity 

For a 5% representativity threshold.
(some values are underestimated due to 

RVE non-convergence with FOV).
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eRVE can be calculated for 
a variety of metrics: e.g.: 

anode intercalation fraction 
reached at cell voltage limit 

or lithium plating

RVE is aspect 
ratio-dependent, 
property-specific, 

and FOV-
dependent

RVE analysis can be 
automated with NREL 

Microstructure Analysis 
Toolbox (MATBOX, 

Usseglio et al, 
SoftwareX, 2022)

How to cut subvolumes 𝑉𝑉 ?
(Ω = 1x1x1e6 = 100x100x100 = 1e6 µm3)

For batteries: we are looking for the 
representative section area (RSA).

RVE=40.7µm3 , 

RSA= 𝟒𝟒𝟒𝟒.𝟕𝟕𝟑𝟑

𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕
=30.9µm2 

30.9µm

Repeat for 
different FOV

Repeat for 
different 

subvolume 
sizes

@6C

Repeat for 
different 

subvolume 
size

𝑅𝑅𝑅𝑅𝑅𝑅 for a 5% representativity threshold (if not indicated otherwise)

Report maximum or 
mean (resp., 

conservative and 
loose approach) 

For tortuosity factor

Calculate 𝑝𝑝 𝑉𝑉𝑖𝑖  on n subvolumes, and calculate relative 
standard deviation to check 𝑝𝑝 𝑉𝑉𝑖𝑖 ≈ 𝑝𝑝 𝑉𝑉𝑗𝑗

n=9


