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• Many different types of structures have pile foundations.
• These piles may be of different materials, may have different geometric 
characteristics, as well as building technology.

• Pile foundations are a form of deep foundation.
• They provide a support for the upper part of the structure, through 
interaction with the ground (with adequate bearing capacity).

• Energy piles represent an innovative technology for the foundations of 
structures.

• Energy piles use geothermal soil energy to heat and cool the building in 
an efficient and economical way.

• Energy piles as a source of renewable energy have been in use for over 
30 years. [1]
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Introduction



• Ground Source Heat Pump (GSHP) systems provide heating and 
cooling of the buildings by circulation of the fluid within the system 
between the heat pump and heat exchange elements [1]. 

• By equipping building foundation with geothermal loops connected to 
a ground source heat pump, average of 15% to 25% of the building 
heating and cooling requirements can be obtained [2]. 

• The use of geothermal energy from pile foundation system (Figure 1) 
has been increasingly obtained in Austria and Switzerland since the 
beginning of the 1984. 

• The advantage of this system is that concrete piles are already 
required as structural elements, so they do not need to be 
additionally installed like conventional thermal energy utilization 
systems [3]. 
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• Today, energy piles are used in other European countries as well, such as Germany [4], 
Switzerland [5], UK [2], etc. 

• Geothermal energy is a clean and renewable energy source that makes no contribution to 
the increase of CO2, unlike the energy that is obtained from fossil fuels, such as coal, oil 
and natural gas. 
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Figure 1. Heating/cooling scheme for a small family house with energy 
piles [3]



• Geothermal energy can be produced from water, soils and rocks where the temperature is only 10-
12°C. That is the reason, why in recent years there is an increase in use of shallow and deep sub-
geothermal energy (Figure 2). [6]
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General characteristics of energy piles based GSHP systems

Figure 2. Possibilities of geothermal energy usage at different depths [6], [7]



• “Concrete has a good thermal conductivity and thermal storage capacity, which makes it an ideal 
medium as an energy absorber (heat exchanger).” [Brandl, 3]

• Creation of an energy pile is a relatively simple process that includes the addition of the U-tube 
pipe-works around the surface of a cast-in-place concrete pile (Figure 3, left) [8]. 

• Absorber pipes fitted to the reinforcement cage of a large-diameter bored energy pile are shown in 
Figure 3 (right) [3]. 
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General characteristics of energy piles based GSHP systems

Figure 3. Energy pile scheme (left) [7]; Absorber pipes fitted to the reinforcement cage of energy pile [3] 
(right)



• Typical GSHP system is presented in Figure 4.
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General characteristics of energy piles based GSHP systems

Figure 4. GSHP system [9]



• In the most parts of Europe, seasonal ground temperatures have a relatively constant values below the depth of 
approximately 10-15 m. 

• They amount 10-15°C to a depth of 50 m (Figure 7), which makes them an ideal source for heating and cooling of 
the buildings by using energy piles and GSHP systems. [3]
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Geothermal soil characteristics – Thermal characteristics of the 
soil

Figure 7. Seasonal soil temperature-depth relation [3], left, [12] right



• “The range of temperature changes in the ground caused by 
geothermal energy utilization is rather small.” [3]

• However, they should not be neglected, and environmental 
assessments are often required by national codes and manuals. 

• Excessive heat extraction from energy piles that cause soil freezing 
should be avoided. 

• Thermal expansion coefficient of soil cannot be determined on the 
basis of linear-elastic stress-strain relationship (Hooke’s law), but 
only based on the tests. [3]
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• Use of energy piles is a very efficient and economical way to utilize geothermal 
energy as a clean and renewable source for heating and cooling of buildings.

• Some countries still have not accepted this concept because of the concern of 
the potential impact of cyclic temperature load on the structural performance of 
the pile (load capacity and settlement issues), as shown in Figure 8. 

• Energy piles are different than “regular” or conventional piles, because they are 
subjected to mechanical and thermal loads. [8]

• “During the heating and cooling cycles, the energy pile and its surrounding soil 
would expand or contract and in turn will affect the pile–soil interaction. In some 
cases, unwanted consequences may arise, such as additional building 
settlement, tensile axial stresses, large compressive axial stresses or 
mobilization of a limited resistance on the pile shaft.” [8] 

• As a result of this coupled loading condition, thorough understanding of the 
effects of cyclic temperature load on mechanical behavior of soils and pile–soil 
interaction is necessary. [8]
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• “Design of thermal piles requires consideration above and beyond the usual pile design process. The aim of the 
pile design should be to quantify the thermal loads and then apply factors of safety currently used in the normal 
pile designs.” [13]

• ULS considers bearing capacity of the pile compared to the applied pile load and soil properties change as a 
result of cyclic temperature loads. 

• SLS considers pile settlement and structural performance at design loads, as well as thermal expansion and 
contraction of the pile caused by heating and cooling. [13]

50. Me unarodni kongres i izložba o KGH, Beograd, 4–6.12.2019đ
50th International HVAC&R Congress and Exhibition, Belgrade, 4–6 Dec. 2019

11

Geothermal soil characteristics – Energy pile design

Figure 9. Additional considerations for geotechnical design of thermal piles 
[13]
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Geothermal soil characteristics – Energy pile design

Figure 10. Mechanisms for response of pile to thermal loading: (a) mechanical load only; (b) 
cooling only; (c) combined load and cooling; (d) heating only; (e) combined load and heating 

[14] (after [15])
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Geothermal soil characteristics – Energy pile design

Figure 11. Energy pile stresses due to thermal loading (left), energy pile stresses induced by 
cooling and heating (right) [6], [12], [13]



• Long term exposure of energy pile to cyclic temperature change may affect its bearing 
capacity and settlement (Figure 12). 

• As a result of changes in stress-strain relationship due to temperature load, soil-structure 
interaction will be affected. Because of that, better understanding of the response 
mechanisms is necessary [6].
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Geothermal soil characteristics – Energy pile design

Figure 12. Long Term Performance of Energy Piles [16]



• At the end of 2010, geothermal energy was directly used in 78 
countries for district (space) heating and cooling and 
geothermal (ground source) heat pumps [17],[18]. 

• GSHP have the largest energy use and installed capacity, of 
69.7% and 49.0% of the worldwide capacity and use (Figure 
13) [18]. 

• Exploitation of shallow geothermal energy as a source of 
renewable energy and use of shallow GSHP systems can play 
a key role in the process of CO2 emissions reduction.

• World leaders in installed GSHP units are the United States, 
China, Sweden, Norway and Germany [18]. 

50. Me unarodni kongres i izložba o KGH, Beograd, 4–6.12.2019đ
50th International HVAC&R Congress and Exhibition, Belgrade, 4–6 Dec. 2019

15

The use of geothermal energy potential
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The use of geothermal energy potential

Figure 13. Geothermal direct applications worldwide in 2010: distributed by percentage of total installed 
capacity (left) and percentage of total energy use (right).



• In Europe, the countries with the highest number of geothermal heat pumps are Sweden, 
Germany, France and Switzerland (Figure 14) [19].
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Figure 14. Shallow geothermal installed capacity in Europe 2012 [19]



• In years 2012, 2013 and 2014, the current number of GSHP installations in the EU 
reached a total amount of 1.3 million in 2014 (Figure 15). [19]
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The use of geothermal energy potential

Figure 15. Total number of GSHP in use in the EU [19]



• The annual savings in CO2 emission in the UK, during the period of 2005 to 2012, 
according to [2] is shown in Figure 16.
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The use of geothermal energy potential

Figure 16. Energy Piles Installed in the UK and Resultant Annual CO2 
Savings [2]



• Figure 17 shows the increasing use of energy piles in Austria during the period of 1984 to 
2004, according to [3].
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Figure 17. Number of energy piles installed in Austria [3]



• One of the examples of successful implementation of the energy pile based GSHP system in Rosborg Gymnasium 
in Vejle (Denmark) [20]. The extension of Rosborg Gymnasium was founded on 200 energy piles that have supplied 
the heating for the living area of 3,949 m2 since 2011. 

• Only the mechanical load from the building was taken into the account, when the pile foundation was designed 
(thermal load and thermo-mechanical effects were neglected). [20]

• The heating that was delivered by the GSHP during the period of study corresponded to 95% of the total heating 
requirement (Figure 18) [20] The results of the study [20] “indicate that the GSHP system is a viable option.”
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The examples of the implementation of energy pile based GSHP 
system

Figure 18. The comparison between extracted geothermal energy and the heat delivered by the heat pump 
[20]



• Other example of successful implementation of energy pile based GSHP system 
is the Dock Midfield, the terminal E of Zürich airport (Figure 19) [21]. 

• It has a foundation system of 440 cast in place concrete piles of 30m length, of 
which more than 300 were converted into energy piles in order to provide 
heating and cooling of the building.

50. Me unarodni kongres i izložba o KGH, Beograd, 4–6.12.2019đ
50th International HVAC&R Congress and Exhibition, Belgrade, 4–6 Dec. 2019

22

The examples of the implementation of energy pile based GSHP 
system

Figure 19. The Dock Midfield of the Zürich airport [21]



• The monthly extracted and injected energies in the piles that were measured from October 2005 until September 
2006 are shown in Figure 20. 

• Economical evaluations have confirmed that system have good thermal performances and that energy pile system 
is more economically convenient than a conventional system [21].
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The examples of the implementation of energy pile based GSHP 
system

Figure 20. Monthly extracted and injected energies in the piles [21]



• In order to mitigate the effects of global warming and the 
increasing use of fossil fuels that are contributing to the 
emission of CO2 in a timely manner, it is necessary to adapt 
present-day and future society and technologies to the 
greater application of renewable energy sources, such as 
solar, geothermal and wind energy. 

• An integral building design, is a sustainable design [3] and it 
should be implemented in practice on a larger scale. It 
incorporates the balance of “materials, energy, emissions, 
waste water, waste/rubbish and its disposal or recycling, 
costs (investment, maintenance, demolition), and life cycle” 
[3] into the building design, construction and exploitation 
process. 
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• The use of energy piles is practical because it integrates the 
system’s structure-bearing- and temperature supply-and-regulation 
functions. Due to its complexity, compared to regular piles, a 
better knowledge of the application of this technology and a wider 
understanding of the impact on the soil-structure interaction is 
required. 

• The use of energy piles involves the application of clean energy 
from renewable energy sources, which makes the application of 
this technology environmentally friendly and responsible to our 
planet, the eco-system, and healthy civilizational and social 
development. Energy piles provide non-polluting, sustainable 
energy and they offer a reduction of fossil energy demand and 
CO2 emissions [3]. 
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• The use of geothermal energy as a clean and renewable 
energy source from pile foundation system is in 
continuous increase since their use began. 

• It would be very beneficial and socially responsible to 
continue with the use of energy piles and GSHP systems 
technology and to find ways to achieve even greater and 
more practical implementation and integration worldwide, 
especially in developing countries, in order to use its full 
potential, because of the environmental and economic 
justification that this technology provides.
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