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Abstract 

Ground Source Heat Pumps (GSHPs) provide a renewable and sustainable solution for heating and 

cooling building envelopes by utilizing shallow geothermal energy. Despite their benefits, the high 

initial cost of drilling and installation limits widespread adoption. To address this, geothermal heat 

exchangers are integrated with structural components such as energy piles, which serve dual 

purposes of foundation support and thermal exchange. This research focuses on enhancing the 

efficiency of geothermal piles through the development of advanced numerical and experimental 

models to study heat and mass transfer in saturated and unsaturated soils. These models capture 

the thermally induced pore fluid flow and its impact on heat transfer, particularly in permeable 

soils like sand. Laboratory-scale tests and soil temperature data validate the numerical predictions, 

providing insights into short- and long-term thermal performance under various climatic and 

geologic conditions. In addition to applications for building heating and cooling, several field-

scale tests and numerical simulations were conducted to evaluate the performance of geothermal 

heated bridge decks. These studies demonstrated the effectiveness of geothermal systems in 

preventing ice formation on bridge decks by maintaining surface temperatures above freezing, 

even under extreme winter conditions. This dual application of geothermal energy enhances the 

safety and durability of infrastructure while offering significant environmental, economic, and 

social benefits. The findings from this research underscore the potential of geothermal piles as a 

versatile and sustainable energy solution for diverse applications, including building envelopes 

and bridge deck de-icing systems. 
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