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The European Union's strategy for  Research Infrastructures 
and Innovation underscores the critical role of open innovation test 
beds  in  accelerating  the  transition  to  clean  energy.  Within  this 
framework,  H2SHIFT stands as Europe's first Open Innovation Test 
Bed dedicated to innovative H2 production technologies, offering a 
single-entry  point  to  advanced  testing  and  upscaling  services  for 
startups and SMEs across Europe and beyond. H2SHIFT bridges the 
gap between laboratory research and industrial scale-up, supporting the 
EU targets for low-carbon hydrogen production through a European 
network of centres of excellence. Among H2SHIFT's seven advanced 
test lines, Test Line 6 at Politecnico di Torino (PoliTO) is a state-of-
the-art  bench  for  photo-electrocatalytic  and  electrocatalytic  reactor 
testing  (up  to  100°C and  30  bar,  with  gaseous/liquid  streams and 
AM1.5G simulated sunlight at  100–1000 mW/cm²),  enabling long-
term stability studies of catalysts and devices for green H₂ production, 
CO₂ conversion, and liquid waste valorisation (see Figure 1).

Figure 1: Test Line 6 of the H2Shift Project for Electrochemical and Photo-electrochemical tests

Besides, the urgent need for scalable green H2 production from renewable electricity drives innovation 
in water electrolysis technologies. Anion Exchange Membrane (AEM) water electrolysers represent an attractive 
route owing to the potential use of earth-abundant metal catalysts, faster reaction kinetics, reduced corrosion, and 
lower membrane and bipolar plate costs compared to conventional systems (Liu et. al., 2024). However, large-
scale adoption remains limited by challenges, including membrane instability, low ionic conductivity, and catalyst 
degradation under alkaline conditions.  Within the framework of the EU project  ENDURION, we present a 
combined DFT and experimental strategy to address catalyst challenges in AEM water electrolysis using ionic 
liquid  (IL)  additives.  Building  on  our  previous  works  (Fortunati  et.  al.,  2023;  Dattila  et.  al.,  2024),  DFT 
simulations screened over 30 IL cations and anions on Ni, Fe, and Mo surfaces, assessing poisoning of active sites 
and influence on HER/OER energetics. The most promising ILs were validated experimentally in 1 M KOH with 
Ni porous transport-layer electrodes, showing that imidazolium-based ILs—particularly HMIM-triflate (HER) 
and BMIM-acetate (OER)—deliver the highest current densities and lowest overpotentials, attributed to a more 
robust electric double-layer and lower charge-transfer resistance. This DFT-guided IL selection framework offers 
a rational route to improve AEM electrolyser performance and long-term operation, with Test Line 6 at PoliTO 
providing the ideal H2SHIFT platform to further scale these findings from molecular design to device level.
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