Thermal Energy Storage (TES) system at Barcroft

One of the key elements of the WMEP at Barcroft is to be able to store low-grade heat generated by the sun or by on-site generators, and use that heat to warm the building and/or domestic hot water..  As of October 2006, Barcroft has a modern hydronic heating system which uses hot water/propylene glycol to heat the building, warmed by high efficiency propane boilers.  Data from actual use in fall 2008 and 2009 indicates that 10 gallons of propane are adequate to heat the building under cold outside temperatures: this translates to about 900,000 BTU’s of heat.  The goal of installing the TES is to capture some or all of this heat from intermittent sources such as the sun or co-generators such as the C-30 microturbine generator.  

We plan to purchase a custom-made glass-lined tank designed for this purpose.  The configuration would probably be a horizontal cylinder installed in a newly built shed on the side of the existing building.  The preferred configuration would be adjacent to the shop, so that when desired, the door can be left open, allowing heat to enter the shop.  The tank would need a maximum of three heat exchanger ports, for connection to three hydronic systems: 

1. microturbine co-generator waste heat system.  The Capstone C-30 generator will be connected to a co-generation heat recovery system, which transfers a high percentage of “waste” heat into a water/glycol circuit running to the TES heat exchanger.  The Capstone C-30 microturbine will generate approximately 13,000 BTU/KW-hr when operating.  We estimate 4-8h of operation in the evening, at approximately 10 KW of load..  These numbers, times 90% efficiency for 2 heat transfer stages (exhaust to fluid, fluid to water), total 468,000 – 936,000 BTU stored.
2. solar hydronic building heat system  Solar hydronics panels would generate hot fluid when the sun shines, and pass this heat through a water/glycol hydronics loop running to the TES heat exchanger.  We are working with Heliodyne, Inc. to specify this system.  At present there is insufficient space to mount the required solar collectors, nor funding to purchase them.
3. solar hydronic domestic hot water system  Solar hydronic panels could be configured to heat a domestic hot water (DHW) tank.  We need approximately 1-200 gallons per day to operate the station, and the cold water temperature is about 40 degrees F.  This system could be independent from the TES tank, although we might run a loop through the TES tank which would be activated when the DHW tank is fully heated.  
4. TES delivery to building heat system.  The existing building heat system manifold has take-off points for bypassing the propane boilers and instead running the system heating fluid through a circuit that goes to the TES heat exchanger.  The system draws a maximum of about 105,000 btu/hr, but the 24-hour average is closer to 37,500 BTU/hr, or 900,000 BTU/day.
Energy budget: Given the typical operating regime of 4-8h/day at 10KW production by the co-gen system, about 460,000-920,000 BTU of heat should dump into the system.  These BTU would “power” the heat demand for approximately 12-24 hours  (37,500 BTU/hr), after which time the TES tank temp. would drop to 160degrees F.  The building heat system would then switch to the propane boilers for the remaining 0-12 hours.  A 5000 gallon water tank has the necessary capacity to store 800,000 BTU of heat between 160 and 180 degrees F.  The 800,000 BTU is enough to provide hot water for the 16-20 hours after the co-gen unit shuts off (typically in the night), thus heating the building through the night hours or longer.  Ideally, the propane boilers will not fire at all under this scenario.
Heat exchanger placement: the most efficient arrangement would be to place the co-gen heat input directly underneath the building heat output.  Tank mixing should be an option to get the maximum heat from the tank as the heat bleeds out.

