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The CNR Beamline for Advanced Circular dicHroism (BACH), operating at the Elettra synchrotron 
in Trieste, could play a pivotal role in enabling high-fidelity digital twin development through 
advanced in situ and operando characterization of materials. Working in the EUV-soft X-ray 
photon energy range with selectable polarization and high energy resolution, BACH offers a 
versatile, multi-technique spectroscopic platform which combines X-ray Absorption 
Spectroscopy (XAS) and X-ray Photoelectron Spectroscopy (XPS) to probe the electronic and 
chemical properties of materials under realistic operating conditions. 

A central focus at BACH is the investigation of solid/liquid interfaces during photocatalytic and 
electrochemical processes, yielding real-time insights into critical interfacial phenomena such as 
charge transfer and ion diffusion. These studies directly support the generation of accurate, high-
quality input data for digital twin models in energy-related applications, including batteries, 
supercapacitors, and catalytic systems for environmental sustainability. 

Innovative experimental setups, such as graphene-encapsulated liquid systems and microfluidic 
electrochemical cells using Si₃N₄ membranes, enable real-time, ambient-condition monitoring 
and operando measurements. Such experimental setups are crucial for validating and improving 
predictive models used in digital twin frameworks, as they ensure the models accurately 
represent how materials behave under real conditions. 

By integrating advanced spectroscopy with novel in situ setup, the BACH beamline can contribute 
significantly to the sensor-data ecosystem that underpins reliable digital twin implementations. 
This presentation will highlight experimental case studies in electrocatalysis and photocatalysis, 
recent technological advancements, and the potential for BACH's methodologies to enhance the 
accuracy and applicability of digital twins across domains like energy systems, catalysis, and 
environmental monitoring. 

 


