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Innovators at NASA’s Glenn Research Center have developed a novel solid oxide fuel cell (SOFC) with five times the specific power density than that of existing SOFCs. The GRC design consists of a bi-electrode supported cell (BSC) manufactured with an innovative ceramic fabrication method that incorporates a ceramic interconnect and results in a high performance BSC SOFC.

All fuel cells combine oxygen and fuel to chemically generate electricity without combustion. A SOFC can produce electricity at a higher efficiency and energy density than traditional polymer exchange membrane (PEM) fuel cells due to its high temperature of operation, typically 860°C. SOFCs use ceramic materials as the electrolyte, hence the name ‘solid oxide’. The electrolyte in GRC’s SOFC is Yttria-stabilized Zirconia (YSZ), an excellent conductor of oxygen ions. Ceramic materials such as YSZ are more robust and operate more efficiently on a wider range of fuels than other PEM fuel cells.

The GRC innovation uses a thin YSZ electrolyte supported with a porous YSZ support structure on both sides of the thin electrolyte. The symmetrical BSC provides balanced stresses on each side of the electrolyte, improves strength during thermal cycling, and simplifies stack manufacture. The NASA BSC uses a ceramic interconnect between stacks providing lower weight and volume than traditional metal interconnects and resulting in a five-fold increase in the specific power density compared to traditional SOFCs. The GRC BSC SOFC eliminates the use of metal interconnects such as high-temperature steels and platinum, lowering cost and increasing reliability.

The YSZ support structures are fabricated with a patented method allowing graded porosity that can be optimized to create channels for fuel and air flow. The YSZ support structures are then impregnated with active electrode material to make the anode and the cathode of the SOFC. In addition, the anode-impregnated material can easily be changed to nearly any metal such as tin or copper without any modification to the BSC, thus allowing thinner layers and better performance characteristics.

The innovation has the advantage that it can use many hydrocarbon fuels including methane, diesel, or jet fuel without reformers. Due to the high electrochemical voltage efficiency and high H2O conversion percent, GRC’s BSC SOFC technology is also ideally suited for hydrogen and oxygen production wherein the system regenerates reactants by operating in reverse.

Benefits
· Lowers greenhouse gas emissions: Produces electricity and heat with very high efficiency and nearly zero emissions
· Easy to fabricate: Can be developed and modified relatively easily, whereas traditional SOFCs typically require years of materials development
· Fuel flexibility: Operates on a wider range of hydrocarbon fuels than any other fuel cells currently available
· No reformer required: Does not require a reformer or pre-reformer
· Anode flexibility: Changes easily to any sulfur-tolerant metal
· High specific power density: Offers five times the specific power density of traditional SOFCs enabled by small individual SOFC stacks with thin interconnects
· Compact and lightweight: Combines low volume with low weight, thus increasing potential fuel savings
· High fuel utilization – direct conversion of fuel to electricity
· Mechanical integrity and flexibility – reduces manufacturing costs
· Small individual SOFC stacks with thin interconnects enable high specific power density
· Co-generation capability – high operating temperatures of SOFCs are ideal for co-gen applications
· Elimination of electrolyte flooding – because the electrolyte is solid electrolyte, flooding and electrolyte migration is avoided with SOFCs
· Potentially lower cost - eliminates need for expensive metal catalysts 

Applications
· Portable power
· Unmanned aerial vehicles and autonomous unmanned vehicles
· Utility power
· Distributed energy for smart grid
· Micro-Combined Heat and Power (Micro-CHP)
· Auxiliary power generation
· Regenerative power applications
· Military tactical power and portable power packs
· Marine auxiliary power units
· Hydrogen production
· Distributed energy for smart micro-grids
· Co-generation applications
· Industrial plants
· Transportation
· Telecommunications back-up power systems
· Autonomous Underwater Vehicles (AUVs)
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