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Energy piles, as one of the emerging technologies in the field of
renewable energy, integrate the structural performance of
foundation piles with the heat exchange capability with the ground,
offering an effective solution for providing heating and cooling of
buildings and reducing energy consumption in the construction
industry. The application of this technology not only reduces
dependence on fossil fuels but also enhances energy efficiency,
lowers operational costs, and decreases environmental pollutant
emissions. Despite the growing use of energy piles in many
countries worldwide, information regarding the performance of
these systems under Iran's geological and climatic conditions
remains limited. Therefore, this study aims to experimentally
evaluate the thermal performance of full-scale energy piles,
investigate the influence of design parameters on heat transfer
rates, and propose an optimal configuration to enhance system
efficiency under Iranian climatic conditions. In this research, a 16-
meter-deep test borehole was constructed, and seven different
energy pile configurations were designed and implemented by
varying the arrangement and specifications of the heat exchanger
tubes. The system performance was assessed under summer
operation conditions (heat injection into the ground).
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Introduction

Buildings consume a substantial share of
energy, particularly for heating and cooling.
Energy piles offer a low-carbon solution by
combining the structural function of
foundation piles with shallow geothermal heat
exchange. Although this technology has been
investigated in Europe and East Asia, its field
performance under Iran’s  geological,
construction, and climatic conditions remains
poorly documented. This gap is especially
important in hot semi-arid regions, where
summer cooling demand is high and the
national energy system faces recurring
imbalances between energy supply and
consumption.

This study aimed to implement and
experimentally evaluate a full-scale cast-in-
place concrete energy pile in Fardis County,
Alborz Province, Iran. It specifically
examined the pile’s heat-transfer capacity
under summer operating conditions and
assessed the effects of heat-exchanger pipe
material, diameter, arrangement, spacing, and
installation depth. The ultimate objective was
to identify effective configurations that could
improve the thermal efficiency and practical
applicability of energy piles in future Iranian
building projects.

Methods

A 16 m deep and 0.80 m diameter test pile was
constructed within an actual building project.
Seven heat-exchanger configurations were
attached to the reinforcement cage before
concreting. The investigated variables
included high-density polyethylene and five-
layer pipes; pipe diameters of 16, 20, and 25
mm; U-shaped and W-shaped arrangements;
installation depths of 8 and 16 m; and center-
to-center distances of 30 and 60 cm between
the inlet and outlet branches.

The full-scale hydraulic testing system
comprised two 300 L tanks for controlling and
stabilizing the inlet-water temperature, a
three-speed circulation pump providing flow
rates of approximately 3-20 L/min, an FD-
100 magnetic flowmeter, and calibrated
PT100 resistance temperature detectors. The
sensors continuously recorded inlet and outlet
fluid temperatures and soil temperatures at
different depths. Water was used as the
principal working fluid, while a mixture

containing 70% water and 30% antifreeze was
considered when freezing protection was
required.

Summer operation was simulated by
circulating heated fluid through the embedded
pipes and rejecting heat to the surrounding
ground. Heat-transfer rates were calculated
from the measured flow rate and inlet—outlet
temperature difference using an energy
balance based on the first law of
thermodynamics. Eleven summer tests were
used to compare the seven designs under
different inlet-temperature and flow-rate
conditions.

Results

The ground-temperature profiles
demonstrated that seasonal fluctuations
decreased rapidly with depth. Below
approximately 7.5 m, the soil temperature
remained nearly stable at about 16°C,
confirming that most of the 16 m pile was
positioned within a thermally stable zone
suitable for sustained heat exchange.

The useful heat-transfer capacity generally
ranged from approximately 1.5 to 6.0 kW,
depending on the pipe configuration, flow
rate, inlet temperature, and operating
conditions. A greater temperature difference
between the inlet fluid and surrounding soil
increased the amount of transferred energy.
Increasing the flow rate generally improved
the  heat-transfer  capacity;  however,
excessively high flow rates reduced fluid
residence time and decreased the temperature
difference between the inlet and outlet.

Pipe characteristics substantially affected
thermal performance. Five-layer pipes
achieved higher thermal efficiency than
HDPE pipes under comparable conditions,
which was attributed to their multilayer
structure and more favorable thermal
conductivity. Increasing the pipe diameter
from 16 to 25 mm noticeably improved heat
transfer by enlarging the exchange surface,
reducing hydraulic losses, and improving
internal flow conditions. Consequently, the 25
mm pipe provided the highest heat-transfer
capacity among the tested diameters.

The W-shaped configuration outperformed
the U-shaped configuration because it
provided a larger effective contact area, more
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uniform flow distribution, and less thermal
interference between the supply and return
branches. Conversely, increasing the spacing
between the two branches of the U-shaped
pipe from 30 to 60 cm produced no
meaningful improvement, and the observed
difference remained within the experimental
uncertainty. Increasing the installation depth
from 8 to 16 m substantially enhanced
performance because a larger portion of the
heat exchanger was located within the stable-
temperature zone.

Conclusion

The field results demonstrate that cast-in-
place concrete energy piles can provide
meaningful ground heat rejection in the hot
semi-arid climate of Fardis. Their thermal
performance is highly sensitive to heat-
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