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Propane Supply overview
A key element of the WMEP is a backup energy source when the environmental sources such as solar are unavailable.  We have chosen propane as the principal backup energy source as being environmentally cleaner than diesel, and more easily handled.  To this end we have installed 6000 gallons of propane storage on the pad about 150’ north of the Barcroft facilities.  We also retain 1500 gallons of diesel storage for one additional level of backup, along with a 50 KW trailer-mounted diesel generator.
Two buried lines run from the propane storage facility to the DEG room, a vapor line and a liquid line.  The vapor line is connected to two Lochinvar KB105 boilers which provide building heat (via baseboard heaters) for the station.  The liquid line will be plumbed with a pressure pump to boost the pressure to 100 psi, and a vaporizer unit to vaporize the propane for burning.  The reason for this arrangement is to provide adequate vapor and pressure to run a Capstone C-30 microturbine propane generator.  An added benefic will be to provide adequate propane for the boilers under conditions of extreme cold when the vapor pressure becomes very low.

Propane deliveries will normally be made in late September/early October, and the tanks will be topped up.  The design storage is that no further deliveries be made until the following June when the roads open, an 8 month period (240 days).
Predicted average loads are:

Boiler only – no co-generated heat.  Data from October-November suggest that the boilers draw about 10 gallons of propane per day to heat the building.  This suggests that it would take about 21-2500 gallons to heat the building through a 7-8 month winter.  Summer use would be closer to 5 gallons per day, totaling perhaps 1000 gallons or less.  The annual total will be something like 3000 gallons.

Propane generator only – no co-generated heat – off grid.  

The summer of 2007 suggested that the generator need to run about 6 hours per day to keep the batteries charged.  With an additional battery bank, this should drop down to perhaps 4 hours.  Assuming 3 gallons per hour (1 gallon per hour to generate each 5 KW), we will need about 12 gallons per day to run the station off-grid.  This would total about 25-3000 gallons to get through a 7-8 month winter and 5000 through the year.

Installation with co-generation  This should cut the boiler propane consumption by at least 50%, for a total of  5 gallons per day (winter).  Summer boiler propane use use should be nil.  The 7-8 month winter total for boiler and generator, off grid, would be close to 4200 gallons.

	
	Boiler only
	Generator only
	Co-gen system

	June 1 – Oct 31
	750
	1800
	1800

	Nov 1 – May 31
	2100
	2520
	3570

	Annual total
	2850
	4320
	5370


With this scenario and no co-generated heat, the tanks would need to be filled twice, once at the beginning of the summer and the other in September or early October.  However, in years with only partial or no winter operations, a single annual filling should be adequate.  With co-generated heat enabled, the annual filling should adequate even with year-round operations.
Details of propane installation:

Vapor supply.  Each of the 6 1000 gallon tanks is equipped with a standard fill gauge and vapor supply valve.  The vapor supply valve is then connected via copper tubing to a brass valve which T’s into the 3/4” iron pipe manifold.  The manifold runs along the top of the six tanks and accepts propane vapor from all six tanks.  Between tanks 2 and 3 (counting from east to west) the manifold T’s downward and descends through a red pressure regulator.  Three union couplings join the downward T to the rest of the manifold on each side.  Below the red regulator is a ball valve.  The 3/4” pipe then descends into the ground and runs to the north side of the generator room.  There it rises through another regulator and enters the building to feed the propane boilers.  
Liquid/high pressure vapor supply.  The propane microturbine generators require 50 p.s.i. propane vapor to run.  In warm conditions this is no problem but when the temperature of the propane tank drops below -7 degrees C (+20 degrees F) the propane vapor pressure drops below 50 p.s.i.  Since we expect winter conditions colder that this, it is necessary in winter to pressurize the propane.  The best way to do this is to put a propane pump on the liquid line draining from the bottom of the propane tanks, pressurizing the liquid propane in a pipe running to the generator.  The pressurized liquid is then fed into a propane vaporizer, which produces warm propane vapor at the required pressure.  The piping is then wrapped with a heat trace to keep the vapor warm on its way to the MTG.  At 50 psi the vapor will re-condense unless the pipe is kept warm.
In our system the liquid is fed upwards through a dip tube and out the top of the tank through a valve.  A flexible black hose connects the valve to a corresponding brass valve T’ed on the 3/4” black iron pipe which runs along the ground between the tanks.  This pipe contains six valves, one for each tank.  Between tanks 2 and 3 (counting from east to west) the there is a T in the manifold which runs down via a union coupling and into the ground and over to the generator room.  There it rises to a valve and cap.
Past the valve the liquid propane runs through a strainer to clean out impurities.  From there it runs through the “micropump” and into the generator room.  There is a bypass valve system so that the micropump can be decommissioned in summer when it is not needed, and to carry our maintenance and repairs.

Inside the building the liquid propane passes through a flow meter that transmits the real-time flow rate to the monitoring system via a 0-5V signal.  The monitoring system then uses this information to control the speed of the micropump via a 0-5V control wire.

After passing through the flow meter, the liquid propane enters the “Zimmer” vaporizer.  This vaporizer is rated for indoor use, and when in use idles at about 250watts.  It can be turned off when not needed, but requires a warm-up time of about 30 minutes before feeding propane through the system.
Upon exiting the vaporizer, the propane vapor passes through the “long ends” filter.  “Long ends” are hydrocarbons that may form during the heating operations of the vaporizer, and are very damaging to equipment.  The long-ends filter is equipped with a bypass valve arrangement.

After the filter, the vapor passes through a digital pressure gauge, which feeds pressure information to the monitoring system.  The system can then use this information to pre-charge the system pressure to 50 psi before turning on the MTG.

The vapor then passes through a regulator which reduces the pressure to 50 psi.  From there it runs directly to the MTG for burning.

