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Abstract: Aspects of environmental protection and an economical extraction or storage of energy 
led to the development of “geothermal foundations”. In such cases neither deep boreholes nor hot 
springs are necessary. Structural elements, which are required for the building and being in direct 
contact with the soil (“geothermal absorbers”) are directly used. This refers mainly to structural 
elements of concrete (piles, diaphragm walls), but also shallow foundations and even basement 
walls or retaining walls can be utilized. 

This innovative technology provides not only substantial long-term cost savings in relation to 
conventional energy systems but also a valuable contribution to environmental protection by 
reducing fossil energy utilisation. The paper describes the principles, illustrates case histories, and 
reports on the results of in-situ measurements. 

Special applications are “energy tunnels”, heating or cooling of road surfaces/pavements, 
“energy wells” etc. There are systems with or without heat pumps, both providing clean and 
renewable energy for an economical heating and/or cooling of buildings. 
 

1. INTRODUCTION 
 

Subsurface geothermal resources represent a great potential of direct use energy, 
especially in connection with (deep) foundations and heat pumps. The heat pump for the 
extraction of geothermal energy from the ground was invented about 140 years ago by the 
Austrian, Peter Ritter von Rittinger. Geothermal energy can also be obtained by means of 
flat collectors, trench collectors, or borehole heat exchangers (up to 300 m depth; standard 
diameter = 32 to 120 mm). These systems have been widely used since many years in 
Austria. Presently, nearly 100.000 heat pumps are operating there.  

Since the beginning of the Eighties, geothermal energy has also been increasingly 
obtained from foundation elements in Austria and Switzerland; at first from rafts, then from 
piles (1985) and diaphragm walls (1996). This innovation makes use of the high thermal 
storage capacity of concrete. Moreover, these concrete members are required already for 
structural reasons and need not be installed as additional elements like conventional thermal 
energy utilisation systems. 

With combined geothermal cooling/heating systems heat energy is fed into and 
withdrawn from the ground via “energy foundations”. This innovative method is 
significantly more cost effective than conventional systems and it is environmentally 
friendly because it uses clean, renewable energy. 
 

2. PRINCIPLE OF GEOTHERMAL UTILISATION OF FOUNDATIONS   

(“ENERGY FOUNDATIONS”) 
 

Energy foundations may be raft foundations, piles, barrettes, slurry trench systems 
(single elements or continuous diaphragm walls). Combinations with surface-near earth 
collectors or retaining structures are also possible. Energy foundations can be used for 
heating and/or cooling buildings of all sizes (Fig. 1) as well as road pavements or bridge 
decks, etc. 
Energy piles may be driven, bored or augered piles of reinforced concrete. The piles contain 
plastic pipes (HDPE) carrying a heat transfer medium (brine or water). In case of  
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3. THERMODYNAMIC PRINCIPLES AND THERMAL SOIL PROPERTIES 

 
Heat transport occurs in different ways (Fig. 6): 

  Conduction (in solid, liquid, and gaseous media); 
  Convection (in liquid and gaseous media); 
  Radiation (not bound to medium; also in vacuum). 

Conduction means energy transfer by molecules (from a higher to a lower energy level), 
whereby molecules in liquids or gases need to move convectively. Convection is based on 
energy transfer by a (relative) movement of a medium in the thermodynamic system; hence 
convection cannot occur in a solid medium. Closely related to convection is dispersion 
which also influences heat transfer. Heat transfer by radiation is based on electromagnetic 
waves. 
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6.3 Heating and Cooling of an Arts Centre 
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6.4 Foundation Piles and Pile Walls for Heating and Cooling a Rehabilitation Centre 
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Fig.27 Loads on head and toe of the measuring energy pile versus time at different 

construction stages. Permanent, full operation of the energy pile system since 
autumn 1997. Previously, only temporary test runs of the energy system. 

 

 
Fig.28 Temperature versus pile depth at different construction stages and since the energy 

system has been fully operated (see Fig.27). 
 
 
0  C - value on the pile head. Measurement No. 3 was taken during a test phase of operating 
the energy piles, after the structure was finished at that time. The last two measurements 
provided the data under full operation of the energy piles (since autumn 1997). The different 
winter results of 9.2.1998 and 29.1.1999 correspond very well with the different weather 
conditions in these two years: the last winter was significantly milder, and therefore less 
geothermal energy was extracted from the ground. The shape of the temperature-depth 
curves has remained rather similar since the energy system has been fully operated: It 
exhibits a relatively high value on top (due to the heat flow from the building), a minimum 
in the central zone of the pile depth, and again increasing values towards the pile toe due to 
the temperature field of the undisturbed groundwater beneath the piles. 
 

6.5 Keble College in Oxford 
The first energy pile project in the United Kingdom started in 2001, based on Austrian 

knowledge and technology: A new building of the Keble Colleges in Oxford comprising a 
lecture hall and residences. According to Figures 29, 30 foundation piles (! 0,75 m and 
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0,45 m) and secant piles (!  0,6 m) of  the retaining wall for the excavation pit were fitted 
with absorber pipes.  

The heating load of the building is 85 kW and the cooling load 65 W. The monthly costs 
for heating and cooling can be fully covered by this geothermal system (Fig. 31).  

 
 

 

Fig. 29 Energy piles for the foundation and pit retaining wall for the new building of the 
Keble Colleges in Oxford. 

 
 

 

Fig. 30 Cross section to Fig. 29. 

 



Heinz Brandl: Geothermal Heating and Cooling of Buildings   

 

22 

 

 

Fig. 31  Energy-time-histogram and seasonal fluid temperature in the absorber pipes  
(to Figs. 29,30). 

 

 

7. SPECIAL APPLICATIONS 

 
7.1 Overview 

Subsurface geothermal resources can be used widely for heating and/or cooling traffic 
areas by using structural elements for energy extraction or storing (Brandl 1998; Brandl, 
Adam & Kopf 1999). 

" Piles, barrettes, and diaphragm walls as foundation elements of bridges; 

" Shallow foundations; 

" Retaining walls; 

" Embankments; 

" Tunnel linings (especially near to  the portals). 
 

Special applications are 

" Heating/cooling of multi-purpose buildings (e.g. Fig. 14); 

" Heating/cooling of bridge decks; 

" Heating/cooling of road pavements, parking places; 

" Heating of airport runways; 

" “Energy tunnels” for heating/cooling of buildings near to the tunnel portals; 

" “Energy wells” for heating/cooling of buildings near groundwater extraction wells (e.g. 
for temporary or permanent groundwater lowering).  
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7.2 Heating/cooling of bridge decks 

In countries with cold winters and hot summers the heating and cooling of bridge decks 
(Fig. 32) provides numerous environmental, technical, and economical advantages: 

" Keeping the pavement free from ice and snow, and thus significantly reducing traffic 
hazards for road users; 

" Substituting gritting and the use of de-icing salt by a clean and renewable energy: 

" Reduction of temperature-induced rutting of asphalt pavements caused by heavy, dense 
traffic; 

" Reduction of temperature constraints in bridge decks which increases the service 
lifetime of the superstructure and the pavement; 

" Reduction of maintenance costs; 

" Reduction of environmental impacts. 
 
 

 
Fig. 32 Heating/cooling of a bridge deck: watertight passage of absorber pipes through the 

substructure. 
 

7.3 Heating/cooling of road pavements 
Geothermal technology in road engineering refers mainly to the heating of pavements 

during the winter months – comprising the following goals: 

" Road surface free from ice, hence higher traffic safety; 

" Reduction of winter road clearance; 

" Increased environmental protection because salt or grit for icy roads is not necessary; 

" Increase of the lifetime of the road pavement/surface; 

" Increase of traffic comfort (no mounting of snow chains); 

" Minimisation of freezing-thawing damages to the road structure, especially in the case 
of frost susceptible subbases; 

" Cost savings for the road authorities/owners. 
 

In order to keep a road surface free from ice, its temperature should be higher than + 2° C. 
The critical range of air temperature lies between 0° and –10° C. Lower temperatures allow an 
intermittent operation or even a turning off, because commonly there is in no snow fall then.  

Presently a long-term research project is running in Austria in order to determine the 
optimal position of absorber pipes from thermal, energetic and structural points of views 
(Fig. 33). Partly, these aspects exhibit contrary optima which requires certain compromises.  
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Fig. 33 Heating/cooling of road pavements with geothermal energy. Example for heating 
loops embedded in sand.  

 

7.4 Energy tunnels 

Until recently geothermal heating from tunnels was used only in connection with hot 
waters, mostly without heat pumps. But the heat potential along a tunnel can also be utilized 
by using the tunnel support and lining as energy absorbers. These may be anchors, rock/soil 
nails, geosynthetics and secondary concrete lining. Anchors or nails reaching deeply into 
the surrounding ground can activate a relatively large mass for geothermal utilisation.  

“Energytunnel” may be excavated as closed systems, e.g. after the NATM (Fig. 34) or 
after the cut and cover method (Fig. 35). 

 

Near the portals of transportation tunnels with geothermal equipment the following 
groups may take the available energy:  

" The owner or operator of the tunnel; 

" Private users (especially large residential blocks, but also one-family houses); 

" Commercial, industrial users; 

" Public users (municipal, federal). 
 

An example from a railway tunnel in Vienna underlines these advantages: About 1200 
private flats can be supplied with geothermal energy, but also large public buildings. 

Energy tunnels are an exciting challenge to geotechnical engineering and the optimisation 
of energy extraction or storage, transfer and distribution requires an multi-disciplinary 
cooperation. Ground investigation and geotechnical design should incorporate geothermal 
aspects already at an early stage. The main advantages of this innovative technology are: 

" Commonly, tunnels are situated in a depth, where the seasonal ground temperature is 
widely constant. 

" Tunnels exhibit large interfaces between structure and ground, thus favouring the 
extraction /storage of geothermal energy.  

" Very deep-seated mountain tunnels can make use of great geothermal gradients.  

" Long tunnels exhibit significant inner heat, mainly due to the waste heat of 
transportation. In metro-tunnels, for instance, temperatures of more than +20° C are 
possible even during the winter months. 

" Utilizing clean and self-renewable energy from tunnels is environmentally friendly and 
economical. Therefore energy tunnels have a high public acceptance and political 
support which makes the approval procedures easier. 
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Fig. 34 Energy tunnel, excavated according to the NATM. Schematic. 
 

 
 
Fig. 35 Energy tunnel, constructed after the cut and cover method. Pile walls are used as 

absorber elements for heating and cooling. 

 

8. RECOMMENDATIONS FOR PRACTICE  

 
Detailed soil investigation is essential for optimising an absorber system for thermal 

energy extraction/storage. This comprises not only geotechnical and hydrogeological 
characteristics but also geothermal conductivity and heat capacity of the ground at specific 
temperature levels. The mineral composition of the fines is also important as it influences 
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the soil behaviour under temperature fluctuation (shrinkage, swelling, freezing). Moreover, 
chemical and biological properties of the groundwater may be of interest. 

Usually, temperature fluctuations caused by energy foundation have no relevant effect on 
the surrounding soil, assuming its temperature remains higher than +2  C. However, cooling 
below 0  C, as a result of improper operation, should be avoided, as it may cause freezing-
thawing impacts in the soil, hence affecting the load-bearing behaviour of the piles, 
barrettes, or diaphragm walls. Moreover, thermal conductivity increases and thermal storage 
capacity decreases with freezing, especially in soil with high water content. Freezing is 
avoided at any rate if the absorber system is operated only with water and not with brine. 
But experience has shown that this reduces the efficiency of the energy system significantly. 
Therefore it has proved suitable to use brine and limit the freezing temperature in the core 
of piles or diaphragm walls to about -1  C. 

Commonly, a temperature difference of about #T = 2  C between absorber entry and exit 
is sufficient for an economical operation of the energy system (e.g. Fig. 16). Operational 
fluctuation of the groundwater temperature should be kept as low as possible (#T $ 5  C). 
Lowering the groundwater temperature causes an increase in viscosity, hence a decrease of 
the hydraulic conductivity. In case of #T $ 5 C this influence is practically negligible.  

Too intensive cooling of the groundwater increases the pH value, reduces calcium 
solubility, and raises the solubility of gaseous substances such as CO2. Too intensive 
heating results in a relatively large reduction in oxygen solubility which may make the 
groundwater unfit for drinking. Furthermore, temperature is one of the most important 
environmental factors for the micro-organisms in water. Many of them can only exist within 
a very limited temperature range. Especially the activity of bacteria eating micro-organisms 
drops significantly at temperatures below 10 C. 

The influence of excessive heat extraction from the ground could be clearly observed 
along some sections of the piled retaining structure (Fig. 26). Operational temperatures 
between -2 C to -3 C (temporarily even -5 C) caused the formation of ice lenses in the 
ground and thus a frost heave, H, of the surface behind the piles. A maximum of H = 15 cm 
was observed, and it decreased with distance form the heat extraction sources analogously 
to Fig. 9. After stopping this improper test run of the energy system, the temperatures 
increased again, also favoured by warmer weather. 

If there is sufficient heat supply from the ground, an intermittent operation of the 
heating/cooling system is possible. This means, for instance, one to two days of operation 
and turn off, alternately. 

In the case of a piled raft foundation, the raft should be properly isolated in order to 
minimise heat loss in the winter and cooling reduction in the summer. Geothermal 
utilisation of concrete retaining walls is also possible: gravity walls, cantilever walls, pile 
walls, diaphragm walls, etc.). In this case, a proper design of the absorber system has to take 
into consideration the natural temperature fluctuations along the free-standing front face of 
„energy walls“, which differ widely from those in the fully embedded zone beneath surface 
(see Brandl 1998). 

 
9. CONCLUSIONS 

 
 Utilisation of geothermal energy for heating/cooling purposes of buildings represents a 
promising alternative to (fossil) fuels and electric energy with respect to costs and 
environmental protection aspects. This technology makes use of renewable “clean” energy 
and can be adapted to nearly all ground conditions. Deep foundations, incorporating 
concrete piles, barrettes, or diaphragm walls but also shallow foundations and even 
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retaining walls (below and above ground) can be used directly for the installation of heat 
exchangers. This innovation is an essential improvement over the conventional methods like 
borehole heat exchangers (borehole heat pumps) or earth collectors. Monitoring of several 
sites has disclosed that the investment-return period for this new heating/cooling system 
with reversible ground-source heat pumps is roughly 3 to 8 years, depending on ground 
properties, foundation system, building characteristics and energy prices. 

The shaft resistance of energy piles, barrettes or diaphragm walls is not affected by the 
heat absorption process in a statically relevant magnitude. This could be found from 
detailed site measurements (Brandl, 1998). But the exposure of the skin of deep foundations 
to temperatures below freezing must be avoided. Fine grained soils with a high content of 
active clay minerals (e.g. montmorillonite) are especially critical. 

 

Energy foundations for buildings exhibit numerous advantages: 

" Environmentally friendly. 

" Economical, at least in the long-term.  

" Increase of personal comfort in indoor rooms. The temperature personally felt there 
consists of air and radiation temperature, which are influenced by wall and floor 
temperatures. Comfort is favoured by low temperature heating of walls and floor 
exhibiting a large heat radiating surface. 

" Geothermal cooling may replace conventional air conditioning which is frequently felt 
to be loud and unhygienic.  

" Reduction of energy imports, hence lower dependency on external situations. 
 

The utilisation of geothermal energy can be widely promoted by public support. This refers 
not only to public buildings but also to private ones, especially one-family houses. In most 
regions of Austria the local authorities encourage geothermal heating/cooling systems by 
financial subventions. This is considered a political contribution to environmental protection.  
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