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Abstract—Vertical geothermal exchangers (geothermal probes)
are very complex, especially in presence of diverse and possible
lithotypes which values of thermal conductivity expressed in
W/mk, are necessary for the determination of thermal resistance;
they also influence the design of the thermal probe. One the
simplified methods to design thermal probes is based on its
capability to interact with lithostratigraphy that permits to know
the thermal conductivity. The efficiency of the thermal probe is
highly related to the nature of the filling fluid because it steers
the thermal exchange with the soil under test. That is why it is
important to study and formulate ad hoc mixture.

Index Terms - Geothermal probe, renewable energies, pollution
reduction, environmental protection

I. INTRODUCTION

Geothermal energy is a renewable source of an important
form of energy, coming from subsoil [1]. To use it, it is
necessary to design geothermal vertical exchangers
(geothermal probes) even if it is very complex to design them
because of the presence of multiple possible lithotypes, which
values of thermal conductivity in W/mk, necessary for the
calculation of the thermal resistance, influence, in a certain
way, their dimensions. Current experience has shown that a
simplified method to design thermal exchangers depends upon
a limited number of plants for commercial usages, regardless to
information related to the long term effects of energy
interaction with subsoil that provokes variations of the level of
aquifers [2], and potentially on the surfaces of the thermal
exchange. An important element is the study of fluid mixtures
for filling so that we can increase the thermal exchange of the
neighboring  terrain. The  characterization of  the
lithostratigraphy allows to find necessary thermal conductivity
values for calculating the thermal resistance between the
geothermal probe and the surrounding terrain, specifically,
single values are averaged to obtain the value of averaged
thermal conductivity of the terrain.

The lithostratigraphic characterization [3] [4] of the terrain
can be, initially, carried out by means of geoelectrical
prospection and geological surveys to obtain significant
parameters for study and energy optimization of geothermal
probe.

The extraction and utilization of this large quantity of heat
requires a carrier to transfer the heat toward accessible depths
beneath the Earth’s surface. Generally the heat is transferred
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from depth to sub-surface regions firstly by conduction and
then by convection, with geothermal fluids acting as the carrier
in this case. These fluids are essentially rainwater [5] that has
penetrated into the Earth’s crust from the recharge areas, has
been heated on contact with the hot rocks, and has accumulated
in aquifers, occasionally at high pressures and temperatures (up
to above 300°C). These aquifers (reservoirs) are the essential
parts of most geothermal fields. In most cases the reservoir is
covered with impermeable rocks that prevent the hot fluids
from easily reaching the surface and keep them under pressure.
We can obtain industrial production of superheated steam or
steam mixed with water, or hot water only, depending on the
hydrogeological situation and the temperature of the rocks
present (Fig. 1) [6].

Wells are drilled into the reservoir to extract the hot fluids,
and their use depends on the temperature and pressure of the
fluids: generation of electricity (the most important of the so-
called high-temperature uses), or for space heating and
industrial processes (low-temperature uses).
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Fig.1. Geothermal basic principles.

Geothermal fields, as opposed to hydrocarbon fields, are
generally systems with a continuous circulation of heat and
fluid, where fluid enters the reservoir from the recharge zones
and leaves through discharge areas (hot springs, wells).
During industrial exploitation fluids are recharged to the
reservoir by reinjecting through wells the waste fluids from
the utilization plants. This reinjection process may compensate
for at least part of the fluid extracted by production, and will
to a certain limit prolong the commercial lifetime of the field.
Geothermal energy is therefore to some extent a renewable
energy source, hot fluid production rates tend however to be
much larger than recharge rates. The growing awareness and
popularity of geothermal (ground source) heat pumps have had



the most significant impact on direct-use of geothermal energy.
The annual energy use for these units grew 2.29 times at a
compound annual rate of 18.0% compared to WGC2005 [7].
The installed capacity grew 2.15 times at a compound annual
rate of 16.6%. This is due to better reporting and to the ability
of geothermal heat pumps to utilize groundwater or ground-
coupled temperatures anywhere in the world. The five
countries with the largest installed capacity are: USA, China,
Sweden, Germany and Japan accounting for 63% of the world
capacity, and the five countries with the largest annual energy
use are: China, USA, Sweden, Turkey, and Japan, accounting
for 55% of the world use. Japan and Germany are new
members of the “top five” as compared to WGC2005.
However, an examination of the data in terms of land area or
population shows that the smaller countries dominate,
especially the Nordic ones. The “top five” then become for
installed capacity: (MW/population) Iceland, Sweden, Norway,
Finland, and Switzerland; (MW/area) Netherlands,
Switzerland, Iceland, Sweden and Hungary; for annual energy
use: (TJ/yr/population) Iceland, Sweden, Norway, New
Zealand, Denmark and Finland; (TJ/yr/area) Netherlands,
Iceland, Switzerland, Hungary and Sweden.

For an infinitesimally small heating spot and a constant
velocity, the temperature rise of homogeneous bodies shortly
after heating is reciprocal to their thermal conductivity. The
influence of the volumetric heat capacity of the material is
theoretically zero and is negligible in the experimental set-up.
For determination of thermal conductivity, the temperature
before and after heating is measured by optical sensors. The
thermal conductivity of the specimen is calculated based on
Popov et al. [8]:
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where A is the thermal conductivity of the specimen, 4,
the thermal conductivity of the standard, 47, is the
temperature rise of the standard and A7), is the temperature
rise of the specimen. It is worthy to understand that geothermal
process has something similar to thermoelectric generator [9]
that is a transformation of heat by means of Seebeck effects.
Thermoelectric cells work on the principle of Seebeck effect
and their efficiency Z is determined by the following
expression
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where a and ¢ are the Seebeck coefficient and electrical
conductivity, respectively, while £k, is the total thermal
conductivity, which is equal to sum of the electron (k) and
phonon (k,) thermal conductivities. The increase in efficiency
of thermoelectric generators depends, first of all on decrease in
phonon thermal conductivity (k,,). Eq.(2) can be also reported
in terms of temperature so that it can display the almost
representation as Eq.(1). Some additional considerations
regarding the location where to extract geothermal energy. The
location must not be contaminated [10] [11] in terms of soil,
subsoil and aquifers. That is to avoid extracting thermal energy
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along with pollution [12]. Fig.2, instead, illustrates an example
of a house with a nearly zero energy building (NZEB) criterion
[13]. It is a private house constructed with a supervision of the
co-author of this paper, faculty member of the University of
Salento, Department of Innovation Engineering. As it is
possible to see by the arrow, the house, under construction,
located in province of Lecce, takes geothermal energy from the
subsoil for a thermal equilibrium.

Fig.2. Simple geothermal exchanger in a house under construction.

NZEB is a great objective because it allows lowering the
energy necessary for the building. For the case of Fig.2, the
building is mostly in XLAM technology [14], and there is no
conventional heating system since energy is based on
geothermal, photovoltaic, and solar panels for hot water. Fig.3
shows a plot illustrating a diagram of different request and
production of energy, and how it is possible to reach NZEB
conditions.
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Fig.3. Energy balance for reaching Nearly Zero Energy Building.



II. PROPOSED GEOTHERMAL PROBE

The analysis of the thermo-conductive material is very
essential to obtain a mixture of high thermal exchange. The
studied thermo-conductive material is a mixture that includes a
thermo-conductive material and a thermo-conductive liquid. In
particular, the solid material is in a granular shape, with
granulometry ranging from 0.02 mm and 8 mm, and it is
chosen among sand of conductive rock, basaltic rock, granitic
sand or metallic sand or others with the same characteristics,
see Fig.4. Instead, the thermo-conductive liquid is chosen
between water or mixtures in variable percentages of water and
thermo-conductive liquids. Components of the mixture of
thermo-conductive material are in a concentration greater than
20% of thermo-conductive liquid, preferably up to the
saturation of solid conductive material. In fact, once the hole is
filled with sand, it is possible to fill the thermo-conductive
liquid within it until its complete filling, see Fig.5.

Fig.4.Overall displaying of the proposed geothermal probe

Fig.5. Partial illustrations of the proposed geothermal probe.

In the event of thermo-conductive material in liquid
composition, this can be chosen between water and ethylene
glycol. In the case of probe realized in non rocky terrain, then
not stable, it is possible to include an external coat that

includes, in its inner area, a pipe of flow and a return one,
partially filled with the above thermo-conductive material.

III. RESULTS AND FINAL COMMENTS

The modeling and the realization of the geothermal probe,
in a preliminary way, are subject to simulation before using it
on the field. The simulations take inspiration from the field of
biomedical, trying to detect "bubbles" within the flow [15]. For
some geothermal probes it is possible to include an array of
sensors for allowing to regulate and to control the flow in all
areas internal to the probe. Beamforming is an interesting topic
for that [16] and the collected signals must be further processed
[17]. Fig. 6 and Fig.7 detail the flow conditions within the
probe respectively. The type of flow has a specific influence in
the geothermal exchangers.

Fig.6. Trend of strata during laminar flow within the probe.

Fig.7. Trend of strata during turbulent flow within the probe.
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