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1.

Concise description of the adapted good practice

1.1 Introduction
Because geothermal energy becomes more and more important, we have decided together with PP9 to
exchange experiences about this topic. Using groundwater as energy resource or indirect influence to the
groundwater by using the soils and rocks potential of geothermal energy seems to be a “green”, regenerative
and sustainable energy resource. But this not mean that it can be used everywhere and every time. The
condition has to be well explored, calculated or well approximated and possible problems and risk has to be
considered before using this energy. Especially the risk for the groundwater due to contamination that can
occur, quantity and quality changes of the groundwater have to take into consideration and need further
research.
Geothermal use of groundwater is an important and interesting issue within the SHARP project, that was first
figured out at the 2nd SHARP Seminar in Udine Italy, 2011 by Holding Graz (PP 9) and the LfULG (PP 8). For this,
the current state of knowledge of both countries has been compiled to identify deficits and good practices that
can be adapted or directly transfered. Within the 4th SHARP Seminar in Kozani, Greece 2012 Greek partner
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(PP2) expressed their strong interest in this topic. Therefore PP2 had been involved additional to the working
group and the additional exchanged knowledge (risk of use of geothermal energy) and the selected good
practice (capacity maps) were chosen for their interests and conditions The following extended version of the
report will give you information the selected good practice and the adaptation process.

1.2 Important characteristics of the good practice
Before focusing on the selected good practice for transfer, it is necessary to keep in mind the potential risks
and damage by using geothermal energy – see the following table:
Tab. 1: Potential for risks and damage by use of geothermal energy (Information from the Federal / State
Working Groups of State Geological Surveys).
Cause
hydraulic





hydro-chemical





corrosion


flowage
Mineral
processes and
swelling





gas emission



anthropogenic




anthropogenic






Description
Hydrogeological
Pressure potential differences between aquifers  hydraulic short circuit  rising
groundwater may affect drilling
Mixing of different groundwater  quality of the groundwater can be adversely affect
Through "destruction" of the top layer (protection)  Possibility of vertical transport
of undesirable substances over several groundwater levels
Stable and dense backfills can be ineffective by hydro chemical composition of ground
water and chemical reactions
Geological
Carbonate and sulfate  cavities/space in which the drilling fluid/pipe is lost in case of
unexpectedly encountering  compression of cavities required, otherwise no thermal
contact between the rock and heat exchanger
Salt rocks  high water solubility  possible contact with water during the drilling
process  formation of cavities  at low coverage are also depression to the surface
possible
Fault-line/zones of joints (Loosening Zones)  pressurized groundwater can be
encountered in the bore; or groundwater can enter in dry clefts  Lowering of the
groundwater table of the overlying aquifer  in case of a leaching of fine-grain
fraction  Subsidence at the surface possible  building damage
when drilling quicksand can be transported into the borehole  mass deficiency 
Lowering funnel at surface
Anhydrite is dissolved by water ingress and can recrystallize to gypsum (increase of
volume)  heaving on the surface possible
swellable clay minerals can absorb and release water  volume can increase and
decrease  depression / heaving of the surface
depending on the gas different hazards (explosion, asphyxiation, ...) possible
Geotechnical
artificial cavities can be drilled  groundwater lowering, depression
hidden / unknown landfill / contaminated sites can be drilled through 
contamination of groundwater possible
Technical
adverse temperature change  not yet sufficiently researched
inadequate sealing
incorrect drilling
material damage
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The selected good practice that was chosen by PP2 from the knowledge and experience of the donor partners
(PP9 and PP8) is the method to develop capacity maps of geothermal energy (from PP8).
Saxony has a geothermal atlas at a scale of 1:50,000 (GTK 50) to support the expansion of the use of nearsurface geothermal energy (for heat supply for buildings by low to medium heat (30 kW)).
This interactive map (http://www.umwelt.sachsen.de/umwelt/geologie/26631.htm ), which is available on the
web, represents the geothermal extraction rate so that statements to the geothermal potential are possible.
Currently, six map sheets of the interactive cartography are completed, see
The GTK 50 was developed specifically for the in Saxony widely used type of probe coupled geothermal plants.
The following figure illustrates a detail of the GTK 50.

Fig. 1: Average geothermal abstraction capacity from 0 to 70 m depth - Excerpt of the map GTK 50, sheet L 4744
Riesa.
For calculating the specific extraction rate shown in the GTK 50, information on the thermal conductivity of the
substrate, the average water level and plant specific parameters (technical data to the probe, house type, and
specific heat pump data) are required. Based on this information an empirical formula was developed for the in
Saxony ("average") established house type. The recoverable geothermal extraction rate for a specific annual
plant operating time of 1 800 hours in watts per meter probe length [W / m] can thus be calculated. The hydrogeological base map is used for GTK 50 as a geological data base.

1.3 Benefits of the good practices
The capacity map is important to support planning of geothermal project in the near surface underground.
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The interactive map makes it possible to identify the geothermal available specific extraction rates [W/m] for
different depth (40 m, 70 m, 100 m and 130 m). This applies only to the type family house. Shown is the specific
extraction rate, which varies depending on the geological subsurface conditions in the area.
In Greece, there are a high potential of geothermal energy. To enable citizens to make it easier to use
geothermal energy, the proposed map could be helpful. Thus, the potential builder can inform in advance if a
geothermal system at a specific location is reasonable.
In addition the benefits of the Greek territory where the Good Practice will be transferred could be the
following:
1.

Geothermal energy for family heating and cooling purposes are not well-spread in Greek territory yet.
Especially in the north of the country where the winters are relatively heavy, (is some areas like Florina
for instance the temperature could be minus ten (-10) for 30 days during winter) the geothermal energy
could be a solution.

2.

The capacity maps could give the essential information to the potential company working in the field of
renewables to invest also in geothermal energy field. This will increase the knowledge but also the
applications in geothermal energy

3.

Greece faces a huge problem lately with heating private homes and family houses in rural areas. In
contrary with the main Greek cities (Athens, Thessaloniki, Larisa) where the ability to use gas for heating
is available, there is still no any network in north Greece where actually the needs for heating are more
important.

4.

The last two years the price for oil increases 100%. Now the cost of a liter for the winter 2012 will be
around 1,40 €. The cost of heating a normal building is therefore inevitable and cannot be absorb by the
family owners. The alternatives right now are mainly wood-based heating devices like modern stoves,
fireplaces and wood based boilers. Lately the heat pumps are showing up but only with the air exchange
and heating.

5.

Capacity maps could raise the people awareness on the benefits of using geothermal energy to cover
their needs in heating. Moreover, it could give the possibility to know the thermal capacity of the
underground level of his or her home. This is certainly a huge advantage which could promote
significantly the use of geothermal energy near the surface for family heating needs.

2.

Description of adaption process

As already mentioned in Chapter 1 - Introduction the knowledge and experience were exchanged with PP 9.
The individual subject to which has been exchanged, are shown in the following table.
The exchanged experience and report therefore shows that PP 9 and PP 8 are at the same knowledge and
administrative stage for approval geothermal use of groundwater and so both are donators.
The work and the report was presented at the 4th SHARP seminar in Kozani. Due to this presentation and
discussions around this meeting and the 1st International Conference the Greek partner (PP2) expressed their
strong interest in this topic. At the beginning of the SHARP project it was less interesting for PP 2 because it
was just a topic and not filled with contents. Because of the interest of PP2, it was decided to involve the Greek
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partner in the geothermal energy working group. At the beginning, the report of geothermal energy was
delivered to PP2. The Greek partner was interested in the information of the report, but also asked to focus the
subtopic capacity maps and risk of use of geothermal energy. For this reason in the adaptation process, the
needs of the Greek partner have been considered.
Tab. 2: Exchange of experiences between PP9 and PP8.
1

Geothermal energy (general)

1.1

Basic principle / methodology to introduce the use of geothermal energy

1.2

Benefits and Risks (advantage - regenerable energy / disadvantages or "side effects", risks)

1.3

Use of near-surface geothermal energy (possibilities of geothermal energy (geothermal probes,
groundwater heat pumps, ...))

2

Groundwater heat pumps (special)

2.1

Use and functionality

2.2

Legislation (Procedure in Germany / Austria (guides, permits, ...))

2.3

Statistics (statistics how many boreholes / ground water heat pumps (last years / current)

2.4

Local examples (Examples of on-site (e.g. Dresden / Graz  where it is already applied, how and
what problems already occur)

2.5

Data bases

2.6

Modeling (not assessable (negative) impact on groundwater (estimated effects  Modeling 
Example)

2.1 Steps for Adaptation
Guideline for capacity maps
To calculate the specific extraction rates, an empirical formula has been developed for single-family homes,
which was established in Saxony as the average house type. The parameters, which are necessary for the
formula, are shown in the following scheme (Fig. 2). Based on the recorded requested geothermal plants
average conditions can be determined for heated family homes by probe coupled geothermal systems.
Essential basic data for the formula are:


Distance between 2 boreholes



Characteristics of the used probe



Heating power of the heat pump

Together with this information and the thermal conductivity of the bedrock a formula for calculation of
extraction rate can be developed.
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Fig. 2: methodical process to develop a geothermal capacity map (part 1).
To determine the thermal conductivity, a geological data base is needed. The first step for determination of the
thermal conductivity is shown in Fig. 3.

Fig. 3: methodical process to develop a geothermal capacity map (part 2).
This information is needed to develop a hydrogeological 3D model. This means that all relevant aquifer,
intermediate and top layers (overburden) and bedrock groups are represented spatially.
In a next step, all boreholes, which were used for development of the model bodies/objects, were also used for
interpolation of thermal conductivity grids. For each hydrogeological body two thermal conductivity grid (once
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for wet rock, even for dry rock) generated. This is done by petrography related, layer by layer allocation of
specific thermal conductivity values of the existing rocks in the boreholes within each hydrogeological body.
For each hole it is calculated a thermal conductivity value by a weighted average of the body thickness.

Fig. 4: methodical process to develop a geothermal capacity map (part 3); Reference: Presentation
“Geothermieatlas Sachsen”, 2009, Dipl.-Geoökol. Karina Hofmann, LfULG.
To generate thermal conductivity grids, an interpolation of the thermal conductivity values between the
boreholes takes place within the body distribution. In GIS the spatial information of the hydrogeological bodies
are blended with their corresponding thermal conductivity grids. Furthermore the information of the depth of
the groundwater table helps to divide the thermal conductivity grids in dry or wet.
In a last step the specific extraction rate is calculated for different depth (40 m, 70 m, 100 m and 130 m) and
the result is shown in the geothermal capacity map.
So how is the map used? At the beginning the heat demand of the building is to be determined. From this it can
be deduced the needed heating power of the heat pump. After that the specific extraction rate is determined
by the geothermal map.
The main obstacle in process of transfer is the shortage of time and resources. Taken into consideration that
this is a very technical and time consuming purpose, it will took some time to put this good practice into service
in the Region of Western Macedonia. However, PP 2 will do their best to transfer the information and
knowledge of the methodology for the creation of capacity maps and to apply later on. All partners consider
the continuation of the cooperation through a project dedicated to geothermal energy and water right
proceedings this time.
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Fig. 5: methodical process to develop a geothermal capacity map (part 4); Presentation “Geothermieatlas
Sachsen”, 2009, Dipl.-Geoökol. Karina Hofmann, LfULG.

List of Literature:
Geothermisches Kartenwerk im Maßstab 1 : 50 000 - GTK 50, Karte der Entzugsleistungen, Allgemeine
Erläuterungen (Geothermal map, 1:50 000 – GTK50, map of extraction rate, general guidance).
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