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It is estimated that population growth and continued industrialization of developing countries will double 
global energy consumption by 2035. And in so doing, increase the anthropogenic carbon content in the at-
mosphere furthering the deleterious effects of climate change. Developing technologies that covert solar en-
ergy into simple chemical fuels is therefore a societal imperative. This talk will describe our efforts to direct-
ly harness highly-concentrated thermal energy from the sun to produce hydrogen fuel via a two-step thermo-
chemical water-splitting reaction. Critical to the development of such a process are materials specifically de-
signed and optimized for efficient operation in extreme thermal environments. This talk will focus on the use 
of perovskite oxides and our efforts to derive key relationships between composition and functionality. In 
addition, there is no clear answer to which of the many materials proposed for this use (e.g., ferrite or ceria)
will ultimately lead to the highest overall process efficiency. Therefore, key design principles for achieving 
optimal solar-to-fuel conversion efficiency will be reviewed and create a framework for discussing the de-
sired properties of materials within the context of an advanced particle-bed receiver reactor concept.
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