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The biologically mediated water-gas shift (WGS) reaction may be a cost-effective technology for the conditioning of synthesis gas. NREL researchers have isolated a number of photosynthetic bacteria that can perform the water-gas shift reaction, in which carbon monoxide is oxidized to carbon dioxide while simultaneously water is reduced to hydrogen. The overall stoichiometry of this reversible reaction is:

If this process is used to treat a biomass-derived synthesis gas stream, the resulting gas stream, now enriched in hydrogen, could be considered completely renewable.

One significant advantage to using bacteria to perform the water‑gas shift reaction is their ability to operate at ambient temperature. Because the reaction occurs at ambient temperature, the reaction is not equilibrium-limited (at 25oC, KEQ~5x104). The advantages of low operating temperature and lack of equilibrium limitation make the biological shift reaction a promising alternative the conventional two-stage, high temperature, high-pressure catalytic process. However, transfer of the sparingly soluble carbon monoxide from the gas phase to the liquid phase limits the overall reaction rate.

In previous work1, we performed experiments with trickle-bed reactors (TBRs), which are known to be very effective for gas-liquid reactions where the mass transfer rate is limited by the resistance in the liquid phase. This work demonstrated that a simple reactor model could be used to scale performance data between two different reactor scales.

We will present a process flow diagram and preliminary techno-economic analysis of the WGS process, and discuss the potential applicability and the significant cost drivers of the biological WGS process. One of these drivers is the volumetric productivity of the bioreactor. We will show new laboratory data with increased reaction rates, and demonstrate how these increases in reactor productivity lead to decreased capital and operating costs in the overall process.

_______________________________

1.Bioreactor Design Studies for a Novel Hydrogen Producing Bacterium, Edward J. Wolfrum and Andrew S. Watt, Applied Biochemistry and Biotechnology 98-100:611-626 (2002).
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