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Over the last decade a large number of novel process concepts have been developed for hydrogen 
production with integrated CO2 capture. In our work we aim to achieve a large extent of process 
intensification with a corresponding increase in energy efficiency by exploiting the synergetic effects 
when combining reaction and separation in a multi-functional reactor. In particular for hydrogen 
production, the integration of hydrogen perm-selective membranes in fluidized-bed reactors and the 
combination with chemical looping combustion or reforming have shown large potential.  

Recent developments on the production of very stable, thin-film supported Pd/Ag-membranes and 
their integration in fluidized bed reactors for hydrogen production via water-gas-shift and methane and 
ethanol steam reforming will be presented. The ongoing research activities to better understand the 
effects of the presence of, and permeation of gas through wall-mounted or inserted membranes on 
the fluidization behavior will be reviewed, in particular focusing on our developments on computational 
fluid dynamics (discrete particle simulations and two-fluid simulations) and non-invasive monitoring 
techniques, viz. infrared particle image velocimetry combined with digital image analysis (IR-PIV/DIA) 
and high-temperature endoscopic PIV/DIA. The integration of Pd-based membranes increases the 
system efficiency because most of the heat used is transferred to the reactions and thus to H2 
production, increasing the H2 yield by about 30% (already accounting for more than 80% carbon 
capture) compared to a conventional plant, although the electricity consumption may be higher 
depending on the H2 delivery pressure.  

Also the use of supported metal particles as oxygen carriers in chemical looping processes has 
shown large benefits for hydrogen production with integrated CO2 capture, effectively transforming a 
physical separation into a mechanical separation. In particular, the advances in the Ca-Cu process 
(Abanadez et al., 2010) combining sorption-enhanced steam methane reforming with chemical 
looping combustion of a Cu-based oxygen carrier to supply the required energy for the sorbent 
regeneration (Ca-looping) will be discussed, as well as the development of a dynamically operated 
packed-bed reactor to combine the classical steam-iron process with chemical looping combustion for 
the production of a H2/N2 stream for ammonia or electricity production, focusing on the description of 
the behavior of the oxygen carriers and sorbents, reactor modelling and experimental demonstration 
of the reactor concepts (Spallina et al., 2016). In these cases, the reactors and absorption columns 
used for the production and separation of H2 from natural gas are no longer required and the H2/N2 is 
obtained in a single process. The integration of these novel reactor concepts can reach the same 
efficiency of the best available technologies already proposed for CO2-free power production, but with 
reduced CAPEX and higher flexibility. 

Also the latest developments on the hybrid membrane-assisted chemical looping reforming combining 
a fluidized-bed membrane reactor with chemical looping combustion will be presented (Medrano et 
al., 2014). Finally, the advantages and disadvantages of the different techniques as well as their 
overall energy efficiency for hydrogen production with integrated CO2 capture will be compared and 
evaluated.  
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Figure 1. Different novel chemical looping processes for hydrogen production under development: 

a) Membrane-assisted fluidized bed reactor concept for steam methane reforming using oxidative 
sweeping (i.e. air supply to permeate side of the U-shaped membranes) (Gallucci et al., 2008) 

b) Membrane-assisted chemical looping reforming, combining a fluidized-bed membrane reactor 
with chemical looping combustion to supply the energy for the endothermic steam methane 
reforming (Medrano et al., 2014);  

c) The Ca-Cu looping process combining sorption-enhanced steam methane reforming with 
chemical looping combustion with a Cu-based oxygen carrier for the sorbent regeneration 
(Abanadez et al., 2010); 

d) Packed-bed pre-combustion chemical looping reforming process combining the steam-iron 
process with chemical looping combustion for the production of a H2/N2 stream for ammonia or 
electricity production (Spallina et al., 2016). 
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