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ABSTRACT
Foundation elements such as bored piles and diaphragm walls as well as tunnel linings can be used as absorber elements for ground
heat use. Absorber tubes are placed inside the concrete elements and a cooling / heating fluid is circulated through the system. Practi-
cal applications have been constructed in Austria, most recently at the new metro line U2 of the Vienna metro system.

RÉSUMÉ
Les éléments de fondation tel que les pieux forés et les murs parafouilles ainsi que les revêtements de parois de tunnels peuvent être
utilisés comme éléments captant la chaleur dans le sol. Des tubes absorbants sont placés dans les éléments en béton et un fluide réfri-
gérant / chauffant circule à travers le système. Des appliquations pratiques ont été réalisées dernièrement en Autriche, notamment sur
la ligne de métro U2 du réseau de métro viennois. 

1 INTRODUCTION

In the course of the extension of the Viennese metro line U2, 
the deep foundations of the station buildings and station tubes
are utilized for the first time as heat absorbers. Four new metro
stations and tunnel tubes are to be heated and cooled by geo-
thermal energy.

In the sections U2/1 Schottenring, U2/2 Taborstrasse, U2/3
Praterstern and U2/4 Messe deep foundations such as piles, dia-
phragm walls, base slabs and tunnel inverts are utilized as so-
called “energy foundations”. Absorber pipes are fitted directly
into the structural elements from where they are connected via a
network of manifolds to the energy center. There the energy ex-
tracted from the ground is used by heat pumps and/or cooling
machines according to its final purpose.

2 DEVELOPMENT OF GEOTHERMAL UTILIZATION 

The soil underneath the earth's surface contains an enormous
potential of energy in the form of geothermal heat. With the de-
velopment of the earthcoupled heat pump it became possible to 
make the energy stored in the underground available for pur-
poses of heating and cooling.

Figure 1. Bored pile reinforcement cage equipped with absorber tubes
(Photo: Nägele EHT).

In the 1980's, deep foundations were first used for geother-
mal heat extraction by placing heat absorber tubes in concrete
foundation elements to extract ground heat. The development
led from the first application of this technology, the use of a
foundation slab, via the use of precast driven piles to the use of
bored foundation piles and diaphragm walls. 

Two different possibilities of geothermal energy extraction
from deep foundations exist:
• Pure geothermal energy extraction or energy input
• Seasonal operation with heating and cooling storage

While with the pure geothermal extraction the energy flow takes
place only in one direction, the thermodynamic inertia of the
soil is used with the seasonal operation in order to store energy
in the ground, so that it can be used again later. With seasonal 
storage it is possible to obtain an energy balance over the period
of a year. Figure 2. Bottom slab equipped with absorber tubes.
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The basic requirement for a geothermal facility is a virtually
constant temperature of the underground starting from a depth
of approximately 10 to 15 m. In most climate zones in Europe,
this temperature is usually the ideal 10 to 15°C up to a depth of 
approx. 50 m. These temperatures are increased by the use of 
heat pumps to a level where they can be used for HVAC appli-
cation (around 40 to 50°C). Modern heat pumps have an effi-
ciency of at least 4, meaning that for the operation of the heat
pump ¾ of the usable total energy originate from the environ-
mental heat and ¼ from electricity.

With a geothermal cooling system, heat is extracted from the
building either via an air-cooling system or a water-based cool-
ing system, which is integrated in ceilings and walls. The chiller
("reverse" heat pump) is attached to the absorber system and
dissipates the waste heat via the transportation medium into the 
soil. In case of so-called "Free Cooling", the external energy re-
quirement is reduced to the operation of the transport pump. 
The cooling machine can be omitted due to the favorable soil
temperatures.

For buildings, this technology can now be considered as
state-of-the-art. During the last years considerations have been
made how the technology can be extended to tunnels. In com-
parison with building foundations, substantially larger ground
volumes can be activated for geothermal heat use. In tunnels 
with high overburden, significantly higher temperatures can also
be gained. In addition, shallow tunnels, like those for metros, 
can be used profitably for geothermal heat production. For the 
installation of absorbers in tunnels, cut-and-cover and mined
tunnels have to be differentiated. For cut-and-cover tunnels, the
well-proven methods already used in deep foundations are used: 
installation of absorbers in bored piles, diaphragm walls and in
or under base slabs. 

For mined tunnel construction, new developments were nec-
essary. With existing methods, the equipment of the tunnel 
tubes invert can be realized. For a utilization of the inner lining,
research activities for the development of suitable absorber sys-
tems were performed.

3 GEOTHERMAL UTILIZATION AT THE VIENNESE 
METRO LINE U2

3.1 General

The Viennese metro line U2 will be extended in a first phase 
from the existing station Schottenring into the 2nd district to
Vienna´s football stadium and from there in two further phases
into the 22nd district to the former airfield Aspern. 

The extension of the U2 had to be submitted to an Environ-
mental Impact Assessment (EIA). Afterwards, the detail design
and the call for tenders for the construction works were 
launched. Commencement of construction works for the first 
phase was in the middle of 2003. The section is to be finished in
time for the European football championship in 2008.

The stations planned with geothermal facilities have a sub-
stantial cooling demand, particularly within the range of control,
transformer and engine compartments. The lounges of the con-
trol personnel as well as the salesrooms in some stations have to
be heated. The four geothermal facility stations together have a
heating power of 449 kW and a cooling capacity of 231 kW. 
Particularly for the cooling application, the geothermal utiliza-
tion proves to be an outstanding energy source, since the ma-
chinery can be substantially smaller in comparison to a conven-
tional cooling system and the air flow volume is smaller, which 
leads to a reduction of tunnel cross sections for ventilation tun-
nels.

In the following, the various stations with geothermal utiliza-
tion are briefly described:
• U2/1 – Schottenring: The new U2-Station is situated under

the Danube canal (up to 21 metres deep). With the extension
of the U2 the existing station Schottenring becomes a multi-

storey transfer hub. The absorber components are located in
the two shaft constructions, where the foundation slabs of 
the station shafts and also parts of the enclosing bored pile 
walls are used.

• U2/2 – Taborstraße: The station Taborstraße is built di-
agonally under a traffic crossing. The Taborstraße access
shaft is primarily used as an absorber building. The dia-
phragm walls, bored piles and the base plate are equipped
with absorbers. Parts of the station tunnels are used, too -
the invert as well as individual inner lining blocks.

• U2/3 – Praterstern: The station is situated underground
east of the Austrian Railways station. In the course of the
construction works the existing U1 station Praterstern must
be rearranged. The geothermal energy is extracted via the
diaphragm walls of the station as well as the total base slab.

• U2/4 – Messe: The station Messe is on the side of the Prater
exhibition center under a main road. Since the power de-
mand of this station is comparatively low, only a part of the 
base slab is equipped with absorbers.

Figure 3. Cross section of a typical U2 metro station equipped for geo-
thermal energy use. 

4 PROJECT DEVELOPMENT

4.1 Tender design 

The tender of geothermal facilities is characterized very
strongly by the fact that there are only few competent bidders
for construction works in this market segment. The preferential
form of the tender is the integration of the geothermal work into
the main construction contract. Thereby, the geothermal works 
are contracted similarly to highly-specialized special foundation
engineering measures, such as freezing and compensation grout-
ing, for which there are also only few qualified special enter-
prises.

A special problem in the tender is the arrangement of the
failure risk. Even with optimal workmanship it is impossible to
completely avoid failures of some absorber loops. However, it
is in the hand of the executing company to minimize such fail-
ures by careful work. Geothermal facilities are relatively insen-
sitive in relation to failures. With reduced absorber volume the
operating temperature in the absorber system sinks or rises 
slightly and therefore the efficiency decreases, lowering the 
value of the unit for the owner. For the tender of the Viennese 
metro, tender conditions were developed, which protect the in-
terests of the client, do not impose unacceptable burden on the
contractor and at the same time are compatible with the work 
contract regulations. Basically a certain failure rate (3% of the 
total absorber length) is accepted as systems-inherent. For 
higher failure rates, the contractor has to substitute or must ac-
cept a payment reduction. However he has to guarantee that a 
certain limit (12% failure) is not exceeded.
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4.2 Detail design 

In the detail design, specific considerations were made, which
components of the stations could be actually equipped with ab-
sorbers, where the manifolds can be situated and how the pipe
layout is most efficient. On this basis a detailed energetic simu-
lation was performed, in which the actual heating and cooling
demand during a year and the effects on the temperatures of the 
absorber system were obtained.
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In these simulations the degree of utilization of other energy
carriers such as district heating, natural gas or electricity was
decided. The arrangement of the absorber pipes in the rein-
forcement of the constructional components (piles, diaphragm 
walls) required intensive discussions, since existing regulations 
do not provide guidelines for the role of absorbers in load-
bearing components. Special questions, for example the effect
of ground freezing on the mechanical resistance of the plastic
tubes also had to be studied.

Figure 5. Reinforcement cage for diaphragm wall equipped with ab-
sorbers. The Connection point is later situated at base slab level.

blinding concrete is placed. Then the connection points of 
the vertical absorber loops in the diaphragm walls and piles
can be opened and prepared for connection. Another pres-
sure test is performed.Figure 4. Heating and cooling requirements, annual distribution.

• Running the absorber pipes below the base slab on the
blinding and constructing foundation slab lead-through:
From the connection points of the piles and diaphragm
walls, the absorber pipes are placed on the blinding layer
below the base slab with optimum utilization of area. Thus
the foundation slab is activated as a thermal component.

4.3 Implementation and site supervision

The construction of the geothermal facility and the main con-
struction works are closely interlinked. The partially very lim-
ited operational space also has to be considered. The reinforce-
ment cages must be equipped with absorbers either in the
reinforcement factory or in other free areas outside of the con-
struction site due to space restrictions. The building process of 
the shaft and station construction was as follows: 
• Producing the perimeter walls from the ground surface

and installation of the absorbers: Bored piles and dia-
phragm walls were inserted into the ground. The reinforce-
ment cages had to be constructed in sections due to the large 
depths of the components. This also required joints of the 
absorbers. Since the connection points for the absorber
loops are generally situated underneath the base slab of the
pits, pressure control of the absorber loops would have been
possible only after uncovering the connection points again.
Therefore, certain cages were equipped with testing pipes
that could be subjected to pressure testing immediately after
concreting.

Figure 6. General arrangement of bottom slab utilization.

• Watertight connection through base slab: Since the base
slabs are cast in several sections, the absorber pipes must be
connected by welding in the base slab and pressure tests 
must be performed after each work step. The watertight
connection of dozens of absorbers through the up to 2 m 
thick base slab represents an extremely important detail in
the functionality of the absorber unit. It has to be protected 
exceptionally against damages during the building phase; at
the same time it must be built pressure tight, since ground-
water pressure levels up to 20 m can occur. In the discus-
sions the system Rascor® came out to be the best. All ab-
sorber pipes are conducted through a foam body, which is
connected by injection tubes to the base slab upper edge.
This foam body is concreted into the base slab and injected
after hardening with a permanent elastic resin. A pressure of
approximately 3 bar is not exceeded to avoid damage to the
absorber pipes. For highly stressed areas this system is used
in two stages.

The reinforcing cages had to be connected by welding at the
section overlaps for the electrical through connection. Pro-
tection of the plastic absorbers in this area could be accom-
plished by welding protection mats. Pressure tests were
generally performed during the reinforcement cage check -
in the course of site supervision - before the cage insertion,
and after the concreting of the element. On the whole pro-
ject, only a single cage failed the final pressure test.

• Excavation up to base slab level and uncovering the 
connection points: During the excavation, permanent or
temporary strutting horizons are installed. After completing
the excavation to the level of the foundation slab, a layer of
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In the station U2/2 Taborstraße the station tunnels are also
utilized as absorber components. After completion of the pri-
mary lining of the station tunnels, the invert will be equipped
with absorbers and connected to the absorbers in the base slab
of the access shaft.

chain-type
extensometer

interior sensors
(station side) 

In the station U2/2 some inner lining sections will be 
equipped with an "energy-geotextile". This is a new develop-
ment, in which absorber pipes are included into a geotextile for
easier mounting and laid along the tunnel periphery on the pri-
mary lining. First experiences regarding the mounting, the prac-
tical capability and the efficiency of the energy-geotextile were
made in a test facility within the Lainzer Tunnel in Vienna
(Construction lot LT 22 – Bierhäuslberg). 

absorber pipe

exterior sensors
(soil side) 

Figure 8. Monitoring equipment in diaphragm wall reinforcement cage.

5 CONCLUSION

Utilization possibilities of geothermal energy for heating and
cooling purposes are manifold. Each tunnel has significant in-
ternal energy requirements. This is clearly evident particularly
with metro stations, where various premises must be heated and
cooled. A further field of application is ice prevention, particu-
larly for evacuation adits.

Beyond that the possibility of selling geothermal energy to
third parties exists. This is interesting above all for tunnels in
the city (metros), where they are usually situated near to the sur-
face and distances to the users are short. Large, newly estab-
lished objects with mixed residential and commercial use and a 
high cooling demand are ideal. 

Figure 7. Energy-geotextile as installed in Lainzer Tunnel test plant. 

The geothermal utilization of traffic tunnel buildings offers 
benefits to all involved. Economically, a pollutionfree, renew-
able energy source is developed, which is import independent
and makes a contribution to climate protection and to the ful-
fillment of international obligations (Kyoto Protocol). The user 
of the geothermal energy receives a pipe-bound, pollution free 
energy source with all benefits of such systems. Additionally
geothermal energy will represent a more economical form of
energy in the medium term than fossil energy sources, espe-
cially if corresponding political measures are taken. For the
owner of the tunnel the geothermal energy offers the possibility
of opening additional sources of income from the structure and
of lowering operating costs. Furthermore the application means
a gain in public image because of the pollution free and innova-
tive character of such geothermal facilities.

4.4 Measurement instrumentation

At present the design of geothermal facilities is still based very
strongly on empirical values. A scientific monitoring of large-
scale installations is an important precondition to adapting such
units better to the ground and groundwater conditions in the fu-
ture.

The groundwater flow in the second district has been taken
into account, because exact computational models for 3-
dimensional, transient heat transfer including (unsteady)
groundwater flow are still very complicated and need additional
investigations in the future. The direction of groundwater flow
points from the Danube south-southeast to the City Center, the 
average velocity is about 0,07 to 0,6 m/day. Due to deep dia-
phragm walls some minor changes will occur after the construc-
tion phase, which will have to be verified.

At selected positions all geothermal facilities are equipped
with temperature sensors (diaphragm walls, invert of the station
tunnels, underneath the base slabs), which are used in the oper-
ating phase for scientific purposes and for control and plant op-
timization. Beside this operational measuring one diaphragm
wall element at section U2/2 is equipped with several tempera-
ture and strain gauges as well as an extensometer, which will
monitor the temperature distribution and deformations of the 
diaphragm wall and the enclosing subsoil. 
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