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An important element in the reduction of CO2 is the change of vehicles with internal combustion engines to electric 
battery powered vehicles. The as such produced renewable energy can be used for individual mobility as well as for a 
temporary intermediate storage of excess energy. A viable electric mobility concept requires however stable cycle 
batteries with high specific energy (minimising weight, maximising driving range).  

Li ion batteries are widely used in applications such as mobile phones and laptops, and will likely be key to future 
electromobility. Alternative promising battery are lithium sulphur, metallic lithium and full solid state batteries with 
significantly higher capacities, or more sustainable batteries based on iron. The requirements for such batteries present 
major challenges; e.g. energy capacity, deactivation/stability and safety. A detailed understanding of the charge, 
discharge and deactivation mechanisms are thus required, preferably quantitative and spatially resolved. X-ray 
absorption spectroscopy (XAS) is a characterisation technique which provides detailed electronic and structural 
information on the material under investigation, in a time- and spatially resolved manner.  

Here, I will explain the strengths and limitations of XAS for battery research. A novel operando XAS cell design will be 
described, including the challenges to perform reliable experiments (electrochemically and spectroscopically). The cell 
allows time and spatial resolved XAS, providing insights in the type, location and reversibility of the intermediates 
formed in electrodes and electrolyte separately. Obtained insights in cycling and deactiviation mechanisms for the 
different battery types will be discussed and other energy materials like fuel cells as well as future research directions 
described. 
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