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Abstract

A major source of emissions of carbon dioxide (COZ2), a greenhouse gas that contributes to global warming, is the
combustion of fossil fuels. Until zero-carbon energy sources such as nuclear and renewable energy technologies
mature and become cost-competitive, the use of fossil fuels will remain wide spread and will probably grow with the
expanding energy needs of the world’s developing economies. Improved conversion and end-use efficiency,
carbon-capture and storage are key strategies to limit CO2 emissions and accumulation in the atmosphere.

This talk describes our current research program on the investigation of an innovative combustion concept,
chemical looping combustion (CLC), which offers a potentially attractive option to capture CO2 with a significantly
lower energy penalty than other existing carbon-capture technologies, namely, pre-combustion, oxy-fuel
combustion, and post-combustion. Contrary to a conventional combustion process, in CLC, the fuel and oxidizer are
never brought in contact during the “combustion” process. Instead, the overall fuel combustion process is split into
two separate reactions performed in two separate reactors: an oxidation reaction and a reduction reaction,
accomplished by introducing suitable metal oxide as an oxygen-carrier that circulates between the two reactors. The
main advantage of this approach is that the CLC-based energy conversion systems could achieve high
thermodynamic efficiency while capturing most or all of the CO2 emitted during combustion. By comparing with
other CO2 capture technologies, the talk will discuss the salient features and research issues of the CLC
technology. Details and challenges of the CFD and systems level modeling approaches for CLC systems will be
discussed. Results of the models will be presented to elucidate the importance of understanding the
physicochemical processes in improving the design of the CLC reactors.

The talk will end with a brief overview of our research activities in energy storage and clean energy technologies.
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