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Abstract 

 Chemical processing using solar energy for synthesizing added value products, such as 

solar fuels, is an appealing alternative for mitigating greenhouse gas emissions and expanding 

the reach of renewal energy technologies. A novel direct solar receiver-reactor for gas-phase 

photo-thermochemical processing is presented. The reactor design is guided by the aim to 

concurrently maximize photochemical and thermochemical reactivity, and hence by the need to 

optimize photon transport, catalytic surface area and gas residence time. The dimensioning of the 

reactor is based on results from the characterization of a high-flux solar simulator. The spectral 

characterization of the simulator’s xenon arc lamp compares its spectrum with the spectra from 

the local solar radiation and from a metal halide lamp. A plate calorimeter is used to measure the 

radiative flux intensity at the target plane and to calibrate the experimentally-measured radiative 

flux distribution map. The flux map is contrasted against ray tracing calculations and is used for 

the optimal dimensioning of the optical aperture of the receiver-reactor. The interior of the 

receiver-reactor resembles an optical resonant cavity that allows high residence times for solar 

photons and processing gas to promote gas-phase thermochemical as well as photochemical 

reactions, while maintaining reactor integrity and permitting the testing of different catalytic 

monoliths. The catalytic monolith design targets the simultaneous maximization of specific 

surface area, gas residence, and solar flux penetration. The characterization of a metal catalytic 

monolith shows the variation of the extinction coefficient with porosity and specific surface area. 

Preliminary experiments for the decomposition of CO2 were run at different flow rates and 

simulator power inputs, and for different catalytic monolith designs, including operation in the 



absence of the catalytic monolith. Experimental results show the variation of the reactor 

temperature, gas temperature, and degree of decomposition. 


