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Subsoil heat for our homes
Interesting news regarding energy for our homes
A practically inexhaustible source of energy to heat our homes at a very low cost and in a clean and environment
respectful manner: this is the dream of millions of families all over the world… certainly also ours! Geothermic energy
seams to answer all these requests and, since the dawn of civilization, man has learnt to use the heat inside the Earth.
Initially man enjoyed the pleasure of thermal baths with naturally heated water and later on, at the beginning of the 20th
century, learning to use water to produce electric energy (5,570 Gwh were produced in Italy in 2007). Moreover, water
was also used to warm houses of entire cities (the first district heating plant was started in Iceland in 1925). However,
until a few years ago, the use of geothermal energy for domestic heating had two important limits which strongly held
back its diffusion: geothermal power could be obtained in the presence of relatively high temperatures (60 – 80 °C) and
only in the area of the geothermal fields; the heat used was therefore endogenous: it was not possible to transport the
heat too far from its source nor was it possible to use it at a low temperature (that is to say at a “low enthalpy”). With the
recent technological developments, it is now possible, through particular instruments known as heat pumps, to use the
heat of the Earth even when temperatures are not particularly high (12 – 14 °C). This has brought about a new and
important step forward in geothermics: with these new systems, it is in fact possible to obtain sufficient energy for a
family’s everyday heating and warm water consumption, in any place of the Earth, with any geological or climatic
condition. The energetic possibilities of this new technology are huge and potentially unlimited.

Energy directly from the Earth
The Earth has its own internal energy, that is responsible for the dynamics of our planet, and volcanic activity is its most
evident example, however, this energy also spreads silently and continuously towards the surface in the form of heat: this
occurs in every spot of the Earth, even in those areas which do not seem to have any volcanic or geologic activity.
Deeper and deeper into the subsoil, the rock temperatures increase with a gradient of 1°C every 33 m in depth on
average, even though there are areas which are particularly active, where the temperature increase is more consistent
(as for example in volcanic areas): in these particular areas, the so called geothermal fields, the energy found deep in the
Earth is exploited to produce electric power. However, this requires very high temperatures, so it is possible only in some
fields, called high enthalpy fields (or high temperature fields). The Earth’s internal heat can be exploited also when the
temperatures are not very high, not for the production of electricity but to obtain heat for domestic heating or for other
industrial uses (refer to the special report on geothermal energy). If special devices such as heat pumps are connected
to the process to “capture” endogenous heat, an “indirect” use of thermal energy of the Earth becomes possible , and
much lower temperatures of “direct” geothermal energy can be exploited: and therefore there is the possibility of a
greater diffusion of this use of geothermal energy also in areas without the particular geological conditions of the
geothermal fields.

The Sun's contribution
The subsoil does not only receive energy from the depths of the planet. The Sun's energy warms the Earth's surface and
about 47% is directly absorbed by the soil: the temperature in the first metres of the subsoil are subjected to daily and
seasonal variations according to the radiation received. These variations are more sensitive in the first decimetres or
meters and weaken, until beneath about 20 m where the temperature is not affected by the external temperatures, but
only by the geothermal gradient.
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If there is the possibility of using even minor quantities of thermal energy, then the heat can also be obtained from this
superficial layer: in this case, it is not the internal heat of the planet which is exploited but the energy provided indirectly
by the Sun (so, in this case, the word “geothermics” is used incorrectly, but, as the same technology is used, usually this
sector is included in the geothermal sources).

Two different sources
Low enthalpy geothermics therefore uses two distinct layers of the subsoil:
•

the first layer is from 50 – 150 m to about 350 m deep, where deep geothermal heat from inside the Earth is
exploited: here temperatures are constant all year round, and similar all around the planet, due to the effect of
the regional geothermal gradient (on average about 12°C at a depth of 100 m, between 14 and 20°C at a depth
of 150 – 300 m, with the exception of the geothermal fields, where the values are much higher);

•

the second layer, instead, is superficial, from few metres to 50 – 60 cm deep (just below the layer of the Earth
which can freeze during winter) and exploits the heat stored by the Earth by effect of solar radiation in the
warmer months, and thermal inertia of the ground in returning the energy received: in winter the soil slowly
releases the heat stored in the summer months, and will therefore be warmer on the surface, instead it will be
fresher in the summer.

A “domestic” energy: geothermics for homes
“Classic” geothermics uses heat directly from the Earth, using warm water extracted from the subsoil and
then distributed to households or industrial installations. Now the use of special instruments, heat pumps,
allows a much larger use of geothermics, independent from the particular conditions of a geothermal field.
These installations are small, and can satisfy small household needs - such as household air-conditioning;
and for this reason it is called “domestic geothermics”. Domestic geothermics uses natural subsoil heat through
special probes positioned at various depths, using heat pumps to “multiply” the thermal energy (with a small addition of
electricity), and then distribute it in the homes for the heating system in winter and air-conditioning in summer, and for the
production of hot water for the bathroom.

How it works
Even though it is characterised by very high technology and very high performance, a domestic geothermal
system is very simple. It consists of three principal elements:
•

geothermal sensors or probes: these are simple pipes dug in the ground which have the task of absorbing the
heat of the subsoil. So that the heat exchange with the ground is more efficient, the probes are filled with a socalled “thermovector” fluid, characterized by high thermal conductivity.

•

heat pump, or thermopump: it is the “heart” of the system, in practice a generator that uses the heat extracted
from the probes so that it can be exploited by the distribution system.

•

an internal heat distribution system: this is the normal heating distribution system that is present in all the
homes; however, so that the system can exploit geothermal energy in the best manner, using only a very small
amount of external electricity, it is advisable that this should be a low temperature type of system (35°C), for
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example, radiation panels instead of normal radiators, that use water at a high temperature(60-70°C). The same
system can be used for cooling in summer by simply inverting the heat pump operation.
Additionally there is a reservoir to accumulate the hot water (very similar to a normal “boiler”).

What is a heat pump?
A heat pump is an instrument which allows heat exchange between a source of energy (for example the ground but also
the air of the atmosphere or the water of the ground water table) and an environment with a different temperature.
It works like refrigerator, and can work both ways (for heating in winter or for cooling in summer).
A heat pump absorbs heat from the “vector” fluid in the probes, through evaporation in an evaporator, after which the
temperature is increased using a compressor that releases heat into the surrounding environment through a condenser,
and is connected to a distribution system that distributes heat all around the home. In a domestic geothermal installation,
the heat pump can increase the water temperature from 8 - 12° C of the vector fluid to about 35 – 40°C of the water that
circulates in the radiant panels of the distribution system; however water temperature can be increased to much higher
temperatures (approximately 70°C) if the system uses radiators. In summer, instead, water temperature for the air
conditioning can be 8 – 10 °C lower than the temperature of the environment.
During this process the heat pump uses electricity, however modern heat pumps are extremely efficient systems with a
very high performance, that can produce much more (thermal) energy than the (electric) energy that is consumed. The
heat pump’s performance is indicated by “COP”, coefficient of performance, that is to say the ratio between energy
produced and energy consumed. In modern pumps, COP is about 4 or 5: this means that with1 kW of electricity it is
possible to obtain 4 to 5 kW of thermal energy.
The heat pump’s performance is inversely proportional to the difference in temperature between the source of energy (in
this case the subsoil) and the environment to be heated (or to be cooled): the greater the difference in temperature, the
lesser the performance of the heat pump will be, and therefore the greater the electricity consumption will be. For this
reason low temperature radiant panels are preferable (in the floor or in the wall) to the radiators, and for the same reason
geothermal heat pumps are more efficient than those using heat of the air outside as a source of heat (which is much
colder than the subsoil: if the air temperature is less than -5°C, air heat pumps do not work).
2

A heat pump for a home of approximately 100 m is more or less as big as a fridge, and just as noisy, no
exhaust gas or fumes are produced, no oxygen from the air is burnt (as in the case of common heating
system burners) and therefore can be installed safely also inside homes. Heat pumps last about 15 years,
just like heating system burners.

Different types of probes
To “capture” the heat of the subsoil, two types of probes are used, depending on how deep they are positioned.

In order to use geothermal energy, “vertical probes” are set up. These are simply a couple of U shaped pipes
with a 10 - 18 cm diameter, that are positioned in wells at variable depths, between 50 and 350 m. The
2

optimum depth for a home of approximately 100 m is about 70-100 m; if the volume to be heated is greater,
the probe can be positioned at depths up to 300 – 350 m, but not deeper, because drilling deeper has
decidedly non competitive costs.
The pipes are made of polyethylene, a material that is inert respect to the chemical composition of the soil, it
does not corrode and can guarantee good thermal conductivity. The empty space between the pipes and the
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walls of the well is filled in with bentonite, a special clay which guarantees good thermal contact between the
probe and the ground. The pipes are then filled with a mixture of water with 15-20% “thermovector” fluid,
which is similar to the antifreeze liquid used for cars, which can absorb the heat of the ground to a higher
degree than water alone. The pipes connect directly into the heat pump, and the circuit is sealed to
guarantee there are no leaks: therefore there is no pollution and there is water saving, as the water is made
to circulate constantly without adding more water. For the vector fluid, non-toxic substances are used, that
do not damage the ozone in the atmosphere (so called “ozone friendly” compounds, without CFC), so also
disposal , once the system closes, does not cause environmental problems.
A geothermal domestic system is installed in 3 – 4 days, the time required to dig the wells for the probes and
to connect the system to the home distribution network. The probes last approximately 50 – 100 years and
the system practically does not need maintenance.
Instead, in order to use energy absorbed by the ground from Sun radiation, so called “horizontal sensors” are
used. The principle is the same as for the vertical probes, but instead of digging a well into the ground, a coil
of pipes (made of copper or polyethylene) are laid about 60 cm underground (just under the superficial layer
of the soil, which could freeze during the winter), or a series of small probes (“heat energy piles”) is
2

positioned a couple of metres deep. For a home of approximately 100 m , 120 - 150 m

2

of capture

surface, in contact with the soil is necessary: it is therefore an economic solution, that is easy to install if
there is a small garden where it is possible to lay the sensors underground.
The only limitations linked to the use of the garden for a system with horizontal sensors are that the area above the
probes must not be covered by paving or tar and tall trees cannot be planted because the roots may damage the
sensors: apart from this, the garden or the orchard can be cultivated and used as usual.
Also in this case, the circuit that conveys the fluid (usually water with glycol) to the pump is closed, so there are no
problems regarding emissions of gas or fumes: also this is a clean and environment respectful method.
In the presence of a water table, the so called “capture wells” can be used. These use the water directly from the watertable, which is extracted and then sent back into the ground: in this case the water is used both as a source of energy
and as a the vector fluid. It is a very efficient system but it is more expensive and cannot always be used, in particular in
the presence of a water table used a source of drinking water. An analogous system can be realized, by exchanging heat
and the water of a lake or of a pond close to the home: this type of system has been set up to supply air conditioning in
the Palace of Nations in Geneva, using the water of Lake Geneva (Lac Léman).

Increasingly widespread
Domestic geothermic installations can entirely replace a traditional combustion plant with an autonomous and not just
integrative solution (as in the case of solar panels, which do not allow a complete autonomy due to the variability of the
energy supplied). They are systems which are particularly suitable to satisfy the needs of small homes, isolated villas and
small groups of houses; and also schools, municipality buildings, gyms and swimming-pools. For this reason in many
countries, families decide more and more often to use this type of alternative energy for heating. But this system is not
used only for homes: in the last years, a true boom of geothermal heat pumps has been noted, also for greenhouse
farming, fish farming and balneology (heating in spas and swimming pools) and in many Northern countries also to heat
the footpaths and streets, keeping them free from ice in winter.
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The same system which guarantees heating in winter can be used for cooling during the summer, and a constant
production of warm water, with a thermal energy production which does not vary during the course of the year.
In our country (Italy), domestic geothermics is just beginning to take off, but in many countries it is already a wellestablished tradition.
The countries which are presently leaders in this field, with largest installed capacity, are the USA (3.4 GWe), the
Philippines (with 1.9 GWe), Indonesia (1.3 GWe), Mexico (1 GWe) and Italy (0.9 GWe).
It is estimated that a growing number of homes will plan on using domestic geothermics for the conditioning systems in
the buildings: this system in fact allows the owners to save a large amount of money in terms of heating bill during the
winter, it guarantees warm water and a cool house during the summer, nearly free of cost, and represents a great
“global” saving for the environment, in terms of a minor consumption of fossil fuels and the consequent reduction of
greenhouse gas emissions.

The price and savings
Thanks to the use of technologically advanced instruments, the performance of a geothermal domestic system is very
high: in the case of heating with radiation panels (the most profitable with this type of energy), savings on costs of
heating are about 60% respect to traditional heating systems using methane, and can reach 80% respect to systems
using oil or LPG.

To give an idea of the possible savings, it is sufficient to examine the expense of heating for one year for
2

every m to be heated, from 4.6 to 7 € for a geothermal installation, from 9 to 13.7 € for a methane
combustion system, and from 14 to 21.7 € for a LPG system.
In the production of warm water, there is a saving of about 30% in winter, while in summer the production is free,
because the water is heated (to about 60 – 70°C) using the heat taken from the air for the air-conditioning.
2

For a home of 100 m , the cost of the installation is about 10,000 – 25,000 €, depending on the geological
conditions and the type of system (vertical probes are more expensive), therefore similar to a traditional oil,
methane or LPG system for the same amount of radiant surface installed. The heat pump costs little more
than a good heating system boiler, and the higher price is for building he distribution system (which is
necessary for every form of heating, whatever the source of energy may be).
In about five years, energy savings are able to cover the initial expense. In addition, incentives are foreseen until 2010,
which consist in a tax relief of 55% on the total cost, for the substitution of winter heating systems with high efficiency
heat pumps and low enthalpy geothermal systems.
Since, for the best performance the heating distribution system must be of the type with radiation panels, if the house
does not already have this type of radiators, it is not convenient to substitute the traditional systems, however it is
certainly convenient to choose this type of a heating/conditioning system when designing new buildings.

An inexhaustible energy
The geothermal air-conditioning system is indicated in the White Paper for the Future “renewable sources of energy”
COM97 of the EU as a possibility to heat and air-condition our homes in a manner that is clean and sustainable for the
environment. In fact, this system produces very low levels of CO2 and gases which are noxious for the environment: the
emissions depend on the amount of electricity required to make the heat pumps operate, however, observing the
performance of the heat pumps, the thermal energy obtained from the subsoil and “increased” by the pumps, is 4 times
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greater than the energy consumed.
The energy obtained from the subsoil is a renewable energy, rather, it is practically inexhaustible, and very clean: the use
of endogenous heat in fact does not produce emissions of any kind, neither CO2 nor other gases (like sulphur
compounds or nitrogen oxide), nor fine particles. Thermovector fluids, which circulate in the closed-circuit probes, never
come into contact with the ground or the water of the water-table and, in any case, it is guaranteed that materials that are
not toxic for the environment are used. Closed circuits allow a great water saving. The water, once put in the system, is
continuously reused. The installations are quite small and their visual impact is practically inexistent: once built, all that
can be seen is the heat pump, the size of a fridge, and the warm water reservoir similar to a normal “boiler”. The noise of
the pumps is similar to that of a fridge, they can therefore be installed inside the homes. The only “limit” to the diffusion of
this new domestic air-conditioning is its use in big buildings (as for example a large building with numerous floors), which
requires the installation of various probes (or deeper wells, with consequent higher expenses) and the installation a
greater number of heat pumps.

A healthier home
The environmental benefits of this new form of geothermal energy exploitation are evident, not only on a “global” scale,
but also inside homes, this system helps creating a healthier atmosphere. In fact as there are no open flames, no
exhaust gases, no fumes, no fine particles are produced , and no oxygen is burnt, therefore the air inside the home will
be cleaner: in the houses where this type of heating is used, there will not be any problems of black deposits on the walls
and on furnishings ( which instead usually force us to paint our homes periodically).
Also heating with radiation panels at a low temperature is healthier: in fact it allows a better regulation of the temperature
in the rooms which will have more uniform temperature, and not concentrated near the radiator, the air will be less dry
and the low temperature of the panels will not create the problem of a feeling hot legs caused by the high temperature
radiation panels: our floors will be pleasantly warm in winter and nice and fresh during summer.
Domestic geothermal installations are also extremely safe: there is no combustion, so no open flames, nor pipes
containing gas, nor cylinders or tanks containing inflammable materials (like oil or LPG) and the possibility of an accident
is practically inexistent.
Therefore, domestic geothermics seems destined to represent the future of thermal energy in our homes, and it is nice to
think that while our garden fills with flowers, just a few metres below the surface, energy which will keep us warm in the
winter and cool in the summer is generated, with no wastes nor pollution.

