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• How do heat transfer and moisture movement affect energy 

pile performance in unsaturated soil?

• How do cyclic loading and variations in soil suction 

influence energy pile’s long-term behaviour?

• What are the best numerical modelling techniques for THM 

analysis?

Research Questions
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• Understanding THM coupling is crucial for optimizing energy pile design.

• Soil properties & suction play a major role in long-term pile stability.

 → Next Steps

• Validation with field data from the São Paulo test site.

• Optimization strategies for real-world application.
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Figure 4 Thermo-hydro-mechanical coupling flowchart (Jafari et al, 2023)
Figure 5 HT multiphysics processes in unsaturated soils (Kumar et al, 2025)
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Introduction

Context & Importance

• Rising energy demand & sustainability 

challenges → need for energy-efficient 

foundations.

• Net zero Agenda

• Energy piles: foundation elements that 

exchange heat with the ground. Figure 1 CO2 emissions and emissions intensity by 

end-use sector and scenario, 2023, 2030 and 2050 

(from IEA, 2024)

Figure 2 Energy piles - dual purpose sturcture 

(after Olgun & McCartney, 2014)
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Figure 3 Classification of global climate zones and spatial distribution (from Deng et al., 2020)

Why unsaturated soils? 
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