
ABSTRACT The greatest challenge of our 
time is to generate and store energy in a 
sustainable manner. While we have many 
promising technologies that can generate (e.g. 
wind, solar, fuel cells) and store (e.g. Li-ion 
batteries, electrolyzer cells) renewable energy, 
these are expensive, intermittent and 
unreliable. Materials are the common 
bottleneck of all these technologies. The 
challenge, therefore, becomes finding 
advanced materials that deliver higher 
performance and reliability, while being 
affordable and environmentally friendly. 
Nowadays, it takes between 10-20 years to 
incorporate new materials into applications. 
The traditional material science approach of 
trial-and-error is too slow and the challenges 
we are facing in the field of renewable energy 
need faster solutions. This can only be 
achieved with a paradigm-shift approach to 
materials science, in which the trial-and-error 
method is substituted by the rational design 
of materials through computer simulations. 
In this presentation, I will review some of my 
recent research combining computation and 
experimentation to rationally design new 
materials. I will provide three examples: first, 
I will talk about chemical expansion in oxide 
materials, a detrimental property that affects 
the performance of solid oxide fuel cells and 
batteries. I will show how we understood the 
atomistic causes of this phenomenon and 
predicted materials with reduced expansion. 
Second, I will focus on the oxide-ion 

conductivity, a key figure of merit of 
electrolyte materials for solid oxide fuel cells, 
and discuss possible routes to enhance this 
property. Third, I will present our latest work 
on the role of dislocations on the defect 
chemistry and oxide-ion mobility in SrTiO3, 
and discuss its implication for resistive 
switching memories.  
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