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Carbon fibers are great structural reinforcement materials, but it has been shown that
they can also serve as the negative electrodes for Li-ion batteries. By exploiting the
carbon fiber’s reversible lithium insertion capabilities and its intrinsic ability to conduct
current and carry tensile load, a new type of multi-functional material called the structural
battery can be realized.

In this presentation we are particularly interested in the multi-scale analysis (sub-scale
and macro-scale) of the electro-chemical system in the Structural Battery Electrolyte[1]

(SBE) by utilizing variationally consistent homogenization[2].

On the sub-scale, we solve for the fully coupled electro-chemical RVE problem by prescrib-
ing a consistent combination of macro-scale loading data. This results in the macroscopic
(homogenized) transient constitutive response via RVE volume averaging. However, it
turns out that the transient part of the homogenized response has a negligible impact on
the overall behaviour of the electro-chemical system for the chosen material parameters.
Hence, we may approximate the homogenized response by only using the stationary RVE
solution. Using this approximation, we can homogenize the sub-scale RVE problem once
and for all. Thereby, we device an efficient two-scale procedure where the sub-scale prob-
lem is upscaled a priori and only the macro-scale problem needs to be considered in an
online phase.

Lastly, we will discuss how Numerical Model Reduction can be utilized for the electro-
chemical problem to account for the sub-scale transient response when it is relevant.
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