Microturbine generator, waste heat recovery system, and diesel backup generator
Barcroft needs a clean, reliable source of generator power to provide electric power as needed to operate the station base loads, charge the inverter/battery system, and run scientific experiments that might require larger amounts of electric power.  The generators may sit idle for varying periods of time, up to several months, and need to be relatively pollution-free so that atmospheric studies may continue at the station.  Low maintenance requirements are also a priority.  Finally, waste heat recovery solutions could be very beneficial as we plan the capacity to store heat and use it to warm the building.  We have determined that the Capstone C-30 microturbine generator (MTG) would be a good solution to these problems.

Capstone C-30 microturbine   The Capstone C-30 is a cabinet-sized unit which runs on warm propane vapor at 45 psi.  We have plumbed a liquid propane line to the distributed energy generation (DEG) room.  We pan to install a liquid propane pump and vaporizer system in line to the MTG’s to provide the correct pressure and temperature propane vapor.
Electrical output is compatible with the existing 240 V split single phase wiring system at the station, and should be capable of providing at least 20 KW of power from each generator (we have de-rated the output to accommodate the reduced atmospheric pressure and oxygen delivery at Barcroft).

The base scenario for operating the capstone generators is that they would run in the nighttime after the battery bank was drained to about 50% capacity.  Assuming an evening load of about 10KW, this would happen 2-3 hours after the sun stopped charging the roof panels, say, at 8pm.  The generator would then come on and run until about midnight, carrying the evening load and re-charging the batteries (about 20 KW average output during this time).  Propane consumption should be about 1 gallon per hour per 5KW, so we need about 4 gallons propane per hour.  The Capstone C-30 generates approximately 13,000 BTU/KW-hr, so during this time the unit would be producing about 225,000 BTU/hr of hot water (less 10% heat loss).  The total for the 4 hour run would then be:
4 hours bulk battery charge 40 KW-hr 
4 hours station operations 10 KW

900000 BTU to TES hot water tank (10% loss)
16 gallons propane consumption

During times of electrical load increases, we can modulate the battery charge rate to provide the additional current, for e.g., astronomical observations, and run the generator longer.
This consumption rate of 16 gallons per day adds up to 3840 gallons of propane for 8 months, the design storage duration for the system.

Heat Exchanger  The Cain Industries HRSR-212626ALS heat exchanger is mounted on the floor next to the C-30, and the exhaust from the C-30 is directed into the top of the unit.  After passing through the heat exchanger the cooled exhaust gas is directed up a chimney to the outside.  The heat exchanger is equipped with an automatic bypass if the temperature gets too high, venting the hot exhaust directly up the chimney.  (Note chimney needs to accept very hot exhaust gas – up to 700 degrees F).  There is also an inlet and outlet water/glycol temperature gauge and the outlet water/glycol temperature can be set by the user (about 180 degrees F in our system).

We will have to plumb the heat exchanger loop, circulating pump, and in-tank heat exchanger separately from the Cain unit itself.

Diesel backup generator  The station also owns a portable 50KW diesel generator that can serve as backup when the capstone C-30 is down.  This unit would not produce co-generated heat, but could replace the capstone otherwise, using about 10 gallons of diesel per evening.  We have 1500 gallons of diesel in storage, nearly enough to run the unit through the entire winter.

