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Electricity generated from renewable sources has become increasingly significant in modern society. In 2013 nearly 10% of U.S. energy consumed was produced from renewable sources. However one critical challenge for renewables is the storage of generated electricity. Lithium ion batteries currently provide energy density up to 1 MJ/kg. However the chemical bonds of hydrocarbons represent a more convenient and dense form of energy storage; for example, gasoline has an energy density of 46 MJ/kg. We are developing a novel carbon-neutral electrofuel system, where a genetically modified bacterium, A. ferrooxidans, converts atmospheric CO2 into liquid fuels such as heptadecane and isobutyrate, while obtaining energy via the oxidation of electrochemically regenerated Fe2+. 
We studied the relationship between pH and growth kinetics in chemostat cultures of wild type A. ferrooxidans cells. We found out that in precipitate-free cultures at low Fe2+ concentrations, the maximum specific growth rate and cell yield increased while maintenance coefficient decreased with increasing pH, indicating improved efficiency at higher pH. However, this trend was interrupted at higher Fe2+ concentrations due to formation of undesirable Fe3+ precipitates. Fe3+ precipitation was successfully resolved by introducing the iron chelating agent, citrate. Citrate not only solubilized Fe3+ but also increased maximum cell yield. We built a prototype integrated system consisting of a chemostat and an electrochemical cell. Wild type cells grew on electrochemically reduced Fe2+ over a two-week time and the system produced 5.2 g cells/kWh. 
[bookmark: _GoBack]Two strains of A. ferrooxidans have been successfully transformed with two different biosynthetic pathways produced isobutyrate and heptadecane respectively. In the first strain, 2-ketoacid decarboxylase (KDC) was expressed to convert α-ketoisovalerate into isobutyraldehyde which was then spontaneously oxidized into isobutyrate in the medium. In the second strain, we introduced a pathway to convert long chain fatty acids into alkanes and alkenes. Isobutyrate producing strain was extensively characterized. In the original culture conditions, the strain produced 0.4 ppm (63 µM/M Fe2+) at 0.87% of maximum efficiency. We increased these metrics by optimizing batch growth conditions i.e. initial cell density, initial Fe2+ concentration and iron chelators and MgSO4 concentrations, to 5.8 ppm (377 µM/M Fe2+) at 5.2% of maximum efficiency.  We are currently improving and further characterizing the genetically modified A. ferrooxidans strains in chemostat cultures and in the integrated system.
 
