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Abstract: Heating and cooling of buildings represents more than 13% of all energy consumed in the 
U.S. (about 12 Qbtu of primary energy annually) and accounts for about 13% of the domestic greenhouse 
gas emissions. Air conditioning devices generate a major cause of the ozone depletion problem. 
Development of the next generation, especially non-vapor compression refrigeration technology, is vital 
for environmental sustainability and energy security. The thermoelectric (TE) cooling has advantages 
over conventional vapor compression cooling such as no mechanical moving parts, no refrigerant, and 
being powered by direct current. However, the TE cooling has been suffering from relatively high cost 
and low performance efficiency. Aiming to application in buildings, a prototype thermoelectric cooling 
system has been developed by integrating with phase change material (PCM) for thermal energy storage. 
The PCM thermal storage unit functions as a heat sink during daytime and creates lower hot side 
temperature for the TE cooling device using “free” night cooling. Experimental tests of the PCM-TE 
prototype system in a reduced-scale chamber have realized an average cooling COP of 0.87, with the 
maximum value of 1.22. The comparison test for efficacy of PCM thermal storage shows that about 35% 
electrical energy can be saved. A simulation tool for the whole PCM-TE system has been developed using 
a modified effective thermal conductivity to better capture the natural convection effects during the PCM 
charging process, leading to a modeling-based design procedure for the PCM-TE cooling system.      
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