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Reykjavik today
geothermal
district heating

Background

D

istrict heating - DH - is a system which
distributes heat from a centralised generation plant to end (residential, tertiary,
commercial, recreational facilities…) users,
connected via a heating grid and substations.
DH has replaced, in most instances, traditional
central heating systems where each building is
heated by an individual boiler.
Clearly, DH achieves higher energy, economic
and environmental performance. Heat supply is
best adjusted to users demand. Individual building boilers are replaced by a heat exchanger
three way valve piping outfit, fuel supplies and
operation/maintenance are optimised, all factors
resulting in significant cost savings. Last but not
least, it reduces greenhouse gas emissions and
excess heat losses, thus securing upgraded
environmental control.
As of early 2000’s European DH market penetration
stands as follows (percentage of district heated
houses) : Iceland: 96%; Baltic States / Poland /
Sweden / Denmark / Finland: 50-60%; Austria /
Germany: 12-15%; UK/Netherlands: 1-4%.

Location of Paris
Basin geothermal
district heating
doublets

Chaudes-Aigues,
PAR spring
(exploited since
1330 AD)

This record reflects (i) the fact that Iceland enjoys
abundant geothermal resources added to a consistent energy policy of the state in favour of energy
savings and renewable energy sources (RES), the
latter adopted by Scandinavian, Baltic and Polish
states, and (ii) an almost negligible DH share in
the UK and Netherlands, most likely attributed to
an adverse natural gas lobby competition and, at
a lesser extent, to milder climatic conditions.
Despite its “modernity” DH is nothing new. As a
matter of fact, it dates back to Roman ages as
witnessed by remnants evidencing city homes and
baths heated via natural hot water catchments and
piping. At Chaudes Aigues, in Central France, a
city DH system, pioneered in year 1330, fed by the
Par hot spring at 82°C, is still operating to date.
Heated homes were charged, in those times, a tax
by the local landlord in exchange of maintenance
duties, as reported in the city annals.
Noteworthy is that these early DH systems could be
completed thanks to local hot springs and shallow
wells, i.e. (sub)surface evidence of geothermal
heat conveyed by water.
So, everything considered, engineering of geothermal district heating - GDH - ambitions noth-
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ing more than revisiting DH sources. However,
no way does this “revival” imply a geothermal
archaeological itinerary, but a thorough technological accomplishment instead.

Status

G

DH represents 35% of the European
installed power dedicated to direct uses,
i.e. an online capacity nearing 5,000 MWt.
Major GDH sites (over 35 exceeding 5 MWt capacity) highlight the dominant role played by Iceland
and Turkey, two countries enjoying favourable,
volcanically and tectonically active, geodynamic
settings on the Mid Atlantic Ridge and the Aegean
façade/Anatolian plateau respectively, demonstrating also relevant entrepreneurial skills. The two
largest schemes address the heating of the city of
Reykjavik and of the Paris suburban area.
GDH provides almost the whole of the Reykjavik
demand with an installed capacity of 830 MWt
serving 180,000 people, 60 million m3/yr of water
at an average 75°C (user inlet) temperature. The
city grid elsewhere exhibits several distinctive
features compared to most of its European
replica. An important part of the hot water supply is piped from distant wells and there is no
injection whatsoever of the heat depleted water
(ca 35°C) underground.

The Paris Basin GDH system is based on a dependable sedimentary resource environment and
on the doublet concept of heat extraction. Here,
hot waters at an average 70°C temperature are
hosted in permeable carbonate rocks (the Dogger
limestone reservoir) at depths of 1500 to 1800 m.
The geothermal fluid, a hot saline brine including
a solution gas phase, is pumped to surface from a
production well and the heat depleted brine pumped
back into the source reservoir via an injection well;
the doublet well spacing is designed in order to
avoid premature cooling of the production well.

The thirty-four geothermal doublets (and as many
heating grids), operating since the early 1980’s in
the Paris area, totalise installed power and generating capacities of 230 MWt and 1,000 GWht/yr
respectively and serve over 100,000 equivalent
dwellings, each 70 m2 in area. They achieve the
savings of 500,000 tons of CO2 emissions.
Oradea, in Western Romania, is an example of
the insertion of a geothermal heating system into
the existing city, coal fired/back pressure, combined heat and power (CHP) network, typical of
previous Central/Eastern Europe district heating
practice. Eleven geothermal wells (2500-3450 m;
72-106 °C), among which two doublet arrays,
are serviced for heat and sanitary hot water SHW - supply amounting to ca 100,000 MWht/
yr, via the CHP grid substations.

Technology outlook

W

orth recalling is that a GDH system
has to comply with variable heat loads
and existing building designs and
heating modes. These conditions become acute
for low outdoor temperatures (peak loads) and
conventional, temperature demanding, heaters
(such as cast iron radiators). Therefore base load
supply and retrofitting are the rule.
With the exception of Iceland, another prerequisite
prevails respective to the geothermal resource to
heat load adequacy. Both resource and demand
need to be geographically matched.
The two major components of a typical GDH grid
are the geothermal loop and heating grid mains,
interfaced by the geothermal heat exchanger.
Modern doublet designs (in known areas) include
two wells drilled in deviation from a single drilling
pad. Bottomhole spacings are designed to secure
a minimum twenty year span before cooling of the
production well occurs. Well depths (deviated) of
2000 to 3500 m are not uncommon; often located in
sensitive, densely populated urban environments,
they require heavy duty, silent rigs (up to 350 tons
hook loads, diesel electric drive).
Similar environmental constraints apply to periodical well maintenance (workover) operations
which occasionally take place in landscaped
sites. Fiberglas lined production/injection wells,
first completed in 1995, are a material solution
to steel casing corrosion. Continuous downhole
chemical inhibition lines are another alternative
to defeat corrosion/scaling shortcomings in
hostile thermochemical environments.

GDH
conceptual
design

Geothermal fluid production is usually sustained
by artificial lift, i.e. submersible, variable speed
drive, pump sets of either the electric or (enclosed) lineshaft type. Whenever self flowing
production may be substituted, low well head
pressures and subsequent escape of solution
gases require the installation of a degassing/
abatement unit. To combat corrosion damage
and ease periodical cleaning, geothermal heat
exchangers need to conform to titanium plate
design and manufacturing.

Heat pumps

B

ack up heat, below outdoor transition temperature (5 to 10 °C), can be supplied partly
by heat pumps and totally by boilers.
Heat pumps of the water/water type may upgrade
geothermal heat recovery, from heat exchange
alone, by depleting rejection temperatures and
boosting grid distribution temperatures downstream
from the geothermal heat exchanger. Accordingly, various heat pump configurations may be
contemplated and heat pump units combined in
either serial, parallel or hybrid modes. In several
instances (Denmark, Germany, Iceland) absorption
heat pumps, often associated with geothermal
Combined Heat & Power plants (CHP), have
been successfully implemented.

Neustadt-Glewe
CHP Schematic

District cooling

G

eothermal district cooling is actually poorly
developed in Europe, hardly 30 MWt
installed cold power. This development
issue which could provide additional summer loads
to GDH systems should therefore be challenged
by geothermal operators (and users).
Cooling based on absorption chillers (heat pumps),
using water as a refrigerant and lithium bromide(or
ammoniac) as an absorbent seems an appropriate
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answer, provided minimum geothermal temperatures stand above 70 °C. The refrigerant, liberated
by heat from the solution produces a refrigerant
effect in the evaporator when cooling water is
circulated through the condenser and absorber.
In the Paris Basin, for instance, absorption chillers
can be placed in grid substations and the primary
hot fluid supplied by the geothermal heat plant.
The chilled water can be piped to consumers via
the same flow circuit used for heating and the
same heaters although, in this respect, alternative devices (fan coils, ceiling coolers) would be
preferable. Note that each absorption chiller unit
needs to be equipped with a cooling tower.

Costs

G

eothermal undertakings at large, and GDH
in particular, are capital intensive owing to
the high infrastructure (mining - geothermal
wells - and surface - piping) investments required.
Those are, on the other hand, compensated by
the low running - operation/maintenance - costs.
Depending on local geothermal settings (high/
low heat flows, shallow/deep seated sources),
socio-economic conditions and pricing policies
(kWht or m3 of hot water) the average MWht selling
price to GDH subscribers varies between 30 and
60 €/MWht.

Sustainability

G

iven economic (project life), reservoir
longevity (cooling breakthrough time)
and well physical lifetimes of say thirty
years, the question often arises as whether there
is a life after these critical thresholds and, if so,
for how long. These issues have been thoroughly
investigated, in particular in the Paris Basin, where
GDH lives extending over 75 to 100 years, i.e.
far beyond project life expectations, could be assessed provided the production/injection wells be
periodically (every 25-30 years) (re)completed and
drilled at adequate reservoir locations, according to
corrosion resistant designs. Hence, the projected
scenarios meet sustainability requirements.

Environmental impact

C

lose to zero atmospheric emissions of
green house gases. Among the indirect
non quantified benefits, known as externalities, of GDH ought to be mentioned the contribution to significant reduction of environmentally
provoked diseases (asthma among others).

Contact:
EGEC
European Geothermal Energy Council a.s.b.l.
Renewable energy House

Supported by

63-65 rue d’Arlon
B-1040 Brussels
T:
F:
W:
E:

+ 322 400 10 24
+ 322 400 10 10
www.egec.org
info@egec.org

The sole responsibility for the content of this publication lies with the authors. It does not necessarily reflect the opinion of the European Communities.
The European Commission is not responsible for any use that may be made of the information contained therein.
Photo and graphical elements credits : EGEC, GPC IP, GTN, City of Altheim, City of Chaudes-Aigue, Geothermal Education Office/Reykjavik,
BRGM/ADEME, SEDCO-FOREX. Published in September 2007 - Text : Pierre Ungemach
Design: ACG Brussels. Printed on ecologically friendly paper (chlorine-free paper)
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Current Situation

T

he World Health Organization (WHO)
has estimated that 1000 cubic meters
per person per year is the benchmark
level below which chronic water scarcity is
considered to impede development and harm
human health.
97.5% of the total global stock of water is saline
and only 2.5% is fresh water. Approximately
70% of this global freshwater stock is locked
up in polar icecaps and a major part of the
remaining 30% lies in remote underground
aquifers. In effect, only a miniscule fraction of
freshwater (less than 1% of total freshwater
or 0.007% of the total global water stock) that
is available in rivers, lakes and reservoirs is
readily accessible for direct human use.
Kimolos:
geothermal wellhead
pump motor.

Geothermal energy is a source of renewable
energy and the oceans are a major alternative
source of water.
Desalination is very energy-intensive, and
sustainable energy systems urgently need
to be developed. Desalination technology is
providing safe drinking water even to some
‘water-rich’ nations where pollution reduced
the quality of natural waters. Thus, as a
means of augmenting fresh water supplies,
desalination contributes significantly to global
sustainability. Desalination techniques such
as those driven by geothermal heat have
increased the range of water resources available
for use by a community.

Kimolos:
seawater pump, filter
and distribution line.
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Seawater desalination is one of the most
promising fields for the application of geothermal
energy due to the coincidence, in many places
of the world, of water scarcity, seawater availability and geothermal potential. During the 90s
the Kimolos Project was a research project that
successfully demonstrated the technical feasibility of geothermal seawater desalination using
low enthalpy geothermal energy.

Geothermal Solution

L

ow enthalpy (t>60°C) geothermal energy can
effectively drive a sea or brackish water desalination unit in order to produce fresh water
for drinking and/or irrigation. As a geothermal plant,
whether used for power generation or for space
heating or other applications, has large quantities of
available heat at low cost, the most cost
effective method for seawater desalination is to
provide directly geothermal heat to a MED (multi
effect distillation) plant.
Why should geothermal energy be preferred
in a desalination process ?
1.

Geothermal energy provides a stable and
reliable heat supply 24 hours a day, 365
days a year, ensuring the stability of the
thermal processes of desalination.
2. Geothermal production technology, i.e.
to extract hot water from underground
aquifers, is mature.
3. Low temperature MED desalination technology is also mature.
4. Geothermal desalination yields fresh water
of high quality.
5. MED desalination method has low energy requirements maximizing the fresh
water output from a given low enthalpy
geothermal potential and minimizing the
corresponding costs.
6. Geothermal desalination is cost effective,
as fresh water costs of less than 1 Euro/
m3 are possible.
7. Geothermal desalination is friendly to the
environment, as only renewable energy is
used with no emissions of air pollutants and
greenhouse gasses.
8. Geothermal desalination aids local
development and improves employment
perspectives.
9. Geothermal desalination saves foreign currency as no imported fossil fuels are used.
10. Geothermal desalination has been successfully demonstrated on the island of
Kimolos, Greece through a project supported
by the European Commission (THERMIE
GE.438.94.HE).

Multi Stage Distillation - MED

M

ED powered by geothermal energy
is preferred due to lower energy requirement in comparison with other
desalination processes. MED method is based
on the multi-effect distillation rising film principle
at low evaporation temperatures (less than 70°C)
due to low, almost vacuum, pressure prevailing
in the vessels. The rising effect principle takes
advantage of the fact that the inner tube surfaces
are always covered by a thin film of feed water
that prevents scale formation.

• MED results in excellent water quality with a
salinity level close to 10 ppm.
• Fewer stages (effects) are needed in an
installation compared to an MSF system,
resulting in lower costs per m3 of produced
fresh water.

• Evaporation through multiple-effect is a very
energy efficient technology, as in each vessel (effect) the feed water boils utilizing the
heat released by condensing vapor from the
previous effect.
A. Suction ejectors
B. Sea cooling water
inlet condenser
C. Sea cooling water
outlet condenser
D. Freshwater outlet
E. Feed-water inlet
F. Brine outlet
G. Brine heat recovery
H. Heat supply
I. W
 et generated
vapour
J. Dry vapour

Case study - Kimolos unit

A

pilot unit to demonstrate the feasibility of
exploiting the low enthalpy geothermal
potential of the island for the production of fresh water through geothermal water
desalination with the objective to achieve water
sufficiency for the island .
• geothermal water flow rate of 60 m3/h at a
wellhead temperature of 61-62°C is utilized
from a borehole 188 m deep
• the desalination method used is MED with
distillation under vacuum in vertical tubes and
a two stage desalination unit has been installed
(D-TU-2 -1200 - ALFA LAVAL DESALT)

• the total production of fresh water is approximately 80 m3 /day
• the produced water cost is estimated of
the order of 1.6 €/m3 (including only annual
operation costs), which is satisfactory for a
small unit if this size; desalination costs are
expected to be considerably lower in large
scale geothermal desalination plants.

The Kimolos
geothermal
desalination unit.
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Advantages

A

t sites where drinking water is scarce and
geothermal resources with temperatures
of 60-100 °C can be developed at acceptable costs, it is appropriate to use geothermal desalination. For reservoirs with higher temperatures
there is also the option to generate geothermal
power for use in a desalination plant.
Water scarcity is an increasing problem around the
world and everybody agrees that seawater desalination can help to palliate this situation. Among the energy sources suitable to drive desalination processes,
geothermal energy is one of the most promising
options, due to the coupling of the disperse nature and availability of geothermal energy with
water demand supply requirements in many
world locations.
During the 90s, a Geothermal Desalination Project
carried out in Kimolos island, Greece, demonstrated
the technical feasibility of geothermal seawater desalination, through low enthalpy geothermal energy
utilization.
An objective is the development of a least costly
and more energy efficient seawater desalination
technology based on Multi-Effect Distillation process. Specific proposed technological developments

(new design of absorption heat pump, hybridization
with other energy, cogeneration and recovering
of salt) are expected to both improve the energy
efficiency of the process and process economy.
The expected result would be an enhanced MED
technology with market possibilities and suitable
to be applied in the Mediterranean area and
similar locations around the world.
• Seawater desalination in itself is an expensive process, but the inclusion of geothermal energy sources and the adaptation of
desalination technologies to this renewable
energy supplies can in some cases be a particularly less expensive and economic way of
providing water.
• The use of geothermal energy for thermal desalination can be justified in some regions with
the presence of cheap geothermal reservoirs or
in decentralized applications focusing on smallscale water supply in coastal regions (e.g. village
communities), provided the ability and willingness
to pay for desalination is sufficiently large.
• What may also prove a feasible option is the
use geothermal power from cheap reservoirs in
coastal areas to desalt seawater in RO-plants
(reverse osmosis).

Contact:
EGEC
European Geothermal Energy Council a.s.b.l.
Renewable energy House

Supported by

63-65 rue d’Arlon
B-1040 Brussels
T:
F:
W:
E:

+ 322 400 10 24
+ 322 400 10 10
www.egec.org
info@egec.org

The sole responsibility for the content of this publication lies with the authors. It does not necessarily reflect the opinion of the European Communities.
The European Commission is not responsible for any use that may be made of the information contained therein.
Photo and graphical elements credits : EGEC, CRES, ALFA-LAVAL Published in September 2007
Text: CRES - Design: ACG Brussels
Printed on ecologically friendly paper (chlorine-free paper)
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Current Situation

E
Modern cultivation
technology in
combination with
geothermal heating
in a greenhouse
in Poland

urope is definitely one of the “most geothermal” regions of the world, at least when
direct applications are concerned. However,
it is astonishing in this context that the application
of geothermal energy in agriculture in Europe
and throughout the world still is very limited. This
fact seems strange when taking into account the
technical feasibility already reached
with this application, and the proven
economic justification, improving
continually during the recent years
in line with the increasing prices of
fossil fuels and electricity.
It should be outlined that the European
agricultural sector provides employment for 25 million people and on the
CAP accounts for almost 50% of the
Community budget. Concerning the
use of land, European farmers directly manage
and maintain 44% of the European surface as
cultivated area. When such a large market is in
view, the potential positive contribution of geothermal
energy, fulfilling the criteria of a non - GHG emitting
and economically justified decentralized energy
resource, should be considered and applied in the
different agricultural production sectors.

Drip irrigation
system with warm
water heated by
geothermal energy

The new EU objectives and the Agricultural
Policy (CAP) include actions in favour of Member
States and surrounding non Member States, and
this strongly increases the role and pros-pects
which geothermal energy resources could offer,
given their high natural potential in West-ern,
Central and Eastern countries of Europe, and
in the Mediterranean area.
At present, a number of financial opportunities
exist in the European programmes concerning
the promotion of indigenous and local energy
resources, as geothermal energy is, for productive applications in rural and isolated agricultural
communities
The use of geothermal resources appears to
be particularly suitable for rural areas which
are included in the target of EU’s regional policy
instruments. These Structural Funds also comprise specific, territorially regional objectives in
most countries of the Mediterranean area.
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Geothermal Solution
Heating Greenhouses
with Geothermal Energy
Geothermal energy has been used most extensively in agriculture for greenhouse heating during
the last 25 years. Many European countries have
been experimenting, but also regularly using it for
commercial out-of-season production
of vegetables, flowers and fruits.
The reasons for choosing geothermal
energy in this sector are (not necessarily
in the order of importance):
• Greenhouses are one of the largest
low-enthalpy energy consumers in
agriculture
• There is often a good correlation
between the sites of greenhouse
production areas and low enthalpy
geothermal reservoirs
• Geothermal energy requires relatively simple
heating installations
• Economic competitiveness ofgeothermal energy for greenhouse heating is already given
in many situations
• Strategic importance of energy sources that
are locally available for food production.

Irrigation with warm water
Optimum results of irrigation, beside
the other influencing factors, depend
on the temperature of the irrigation
water. In order not to disturb the
energy balance of the plant or to
induce “cold stresses”, it should be
close to the recom-mended one for
the actual intensity of light and the
plant temperature. It is an obligatory
technique for growing plants in greenhouses, but
can be also useful for early open field production,
as it will result in earlier harvesting and better
quality of fruits.
Heating the irrigation water with the low-temperature effluent geothermal waters (remaining
heat after other uses) is an optimum solution for
application of warm water irrigation, because the
heat is offered free of charge.

Geothermal aquaculture (fish growing)
Open field Heating
The heat balance of a plant depends not only
on the temperature of the surrounding air, but
also on the root system temperature. Therefore,
if adding heat to the roots, need for it from the
surrounding air decreases. For the area with
good light conditions such technique enables to
reach earlier production of characteristic crops. A
good example is the early asparagus production
in Greece, which comes one month earlier to the
German and other EC markets and, in that way,
achieves excellent prices, much higher than the
ones of the normal local production.
Low-temperature geothermal heating with effluent
water after its use for other purposes (heating
greenhouses, residences, etc.) is an optimum
solution for the application of open field heating,
because the heat is free of charge.

Production of algae Spirulina
Spirulina and some other types of algae have
a good market all over the world, as particular
healthy food or as part of composition of some
medicine. Their growing under protected conditions
results in constant and high quality production.
During the 1980s, the technology for production
of Spirulina in greenhouses supplied with geothermal energy has been developed and, later
on, transferred to Greece. The results achieved
encourage further efforts in the development of
this type of production.

Breeding different fishes in heated water en-ables
their production all over the year, and the use of
geothermal energy makes it cheap and profitable. Experiences in France, Hungary, Greece,
etc. are positive, when breeding in open ponds
is considered. However, breeding of tropical
fishes faces some health problems which are
still not resolved in a satisfactory way to enable
commercial production. It can be estimated
that breeding of prawns can be prospective for

Open field growing
of asparagus with
geothermal heated
roots in Xanthi
(Greece)

Tanks for breeding
the prawns

the Southern European countries. According to
experience from New Zealand, it can be a very
profitable production which also may support well
the offer of specific food for tourists.

Drying agricultural
products
According to experience already
made, drying of agricultural products with geothermal energy offers
competitiveness and improves
quality for different products:
• Drying grains (rice in Macedonia,
wheat in Hungary)
• Drying vegetables (e.g. tomatoes
in Greece)
• Drying fruits (Turkey)
• Drying wood (Poland)
A very special application is also the drying of
fish in Iceland.
A more active approach can help to spread this
use all over Europe, enabling significant savings
of energy and improved profitability.

Tomato drying by
geothermal heat
near Xanthi, Greece

Production of
algae Spirulina in a
greenhouse heated
by geothermal
energy

13

Technical Feasibility

A

fter more than 30 years of development,
it can be stated that enough knowledge is
collected in Europe to allow for completion of profitable projects without any technical
risk in design or quality of the used equipment
and materials.
However, due to the un-even disposition of “knowhow” over the continent, it is recommended to
collaborate internationally in design of new projects,
in order to avoid expensive mistakes

Recommendations

T

here appears to be a large potential for
the development of low-to-moderate enthalpy geothermal direct use in Europe,
which is not currently being exploited enough,
due to financial constraints and the low price of
competing energy sources. Given the right environment, and as gas and oil supplies dwindle,
the use of geothermal energy in agriculture can
become a very attractive solution, as it is already
proven in some European countries.
Therefore, the immediate future of geothermal
energy for agrobusiness consists in outlining
the advantages as an environmentally friendly
energy, and linking its application to low-cost
and soft technologies, particularly when both
resource and demand are coincident.

Economic Feasibility

E

conomic feasibility of agricultural geothermal projects is mainly influenced by the
high investment costs in development and
completion of the geothermal resource. Small
projects with only one user normally do not allow
for proper design and completion of the heating
systems, which may lead to complications in
exploitation and maintenance.
On contrary, larger projects consisting of different types of users, allow for the introduction of
cascade use of the temperature difference on
disposal, and the combination of different daily
and annual heat load diagrams. In that way, the
negative influence of high initial investment costs
is minimized, and the advantage of heat supply
free of charge is fully exploited, resulting in competitive and sometimes even very competitive
prices of the heat used. Good examples are the
district heating system in Kocani (Macedonia),
where geothermal heat is supplied at a lower
price than any other possible alternative (fossil fuels or other renewable energies), and the
district heating system in Reykjavik (Iceland),
where heat is supplied to greenhouses with the
lowest possible price at the market.
It is anyhow necessary to underline that also
some types of small projects can be economically feasible, like the drying plants, fish ponds,
algae growing, etc. They, by own nature, offer
a good annual heat load factor and, in that way,
low final price of geothermal heat.

Contact:
EGEC
European Geothermal Energy Council a.s.b.l.
Renewable energy House

Supported by

63-65 rue d’Arlon
B-1040 Brussels
T:
F:
W:
E:

+ 322 400 10 24
+ 322 400 10 10
www.egec.org
info@egec.org

The sole responsibility for the content of this publication lies with the authors. It does not necessarily reflect the opinion of the European Communities.
The European Commission is not responsible for any use that may be made of the information contained therein.
Photo and graphical elements credits : EGEC, ISS-IGA. Published in September 2007 - Design: ACG Brussels
Text : Kiril Popovski
Printed on ecologically friendly paper (chlorine-free paper)
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Current Situation

Geothermal Solution

W

inter maintenance, snow melting
and de-icing ”from the bottom” using
renewable and free geothermal heat
is an obvious solution.

ith the first days of winter approaching, the road users have normally not
adapted yet to the changed traffic
conditions. Bridges use to cool down earlier than
the normal roads. Thus icy surface conditions
can occur on bridges even when the normal
roads don’t give any hints for problems.

Different geothermal
sources are suitable.

Diligent winter maintenance is a crucial factor to
guarantee certain mobility on the roads. A first
intervention of the winter maintenance vehicles
is needed on bridges, on strong inclines, on
important traffic intersections, on express ways
in urban areas, etc. However, obstructions in
traffic due to snow and ice may also constrain
the use of maintenance and emergency vehicles.
Consequently the number and the length of the
hold-ups are increasing instead of decreasing.
This may even lead to a complete breakdown
of public and private traffic.
Freezing rain in particular can stop traffic within
minutes - even in large urban areas. The traffic
comes to a halt - for hours. The maintenance
service is no longer able to clear the roads.
Also carports, ramps or car access ways to a
building need special attention during the cold
seasons. Snow and ice cause delays in professional work. Delayed flights due to snow and
ice at airports or on runways are annoying and
ex-pensive. Last but not least, sidewalks, public
areas, waiting areas for pedestrians need to be
cleared of snow and ice to prevent accidents
during day and night time.

Geothermal snow
melting and de-icing
is based on
hydronic systems.

A winterly traffic situation leads to reduced speeds,
traffic jams and therefore to losses of time. Every
improvement in the status quo has a positive effect on the capacity and performance of roads,
the traffic progresses and so our society.

W

The safety of pedestrians, waiting or walking,
as well as the security of the running traffic may
be increased with a reliable, sustainable and
environmentally-friendly method.

Geothermally heated outside surfaces are
typi-cally based on hydronic heat exchanger
installations in the pavement. The installed
heating capacity depends on the climatic conditions and the system specifications. Snow
melting needs higher system temperatures
than simple pre-vention of ice-formation. Low
system tempera-tures implicate an anticipatory
operation control.
Various system designs are suitable. Various
sources may be used: Direct use with geother-mal
hot water (normally bound to special geo-thermal
conditions); direct use of warm or cold groundwater; direct use of borehole heat ex-changers
or energy piles. A combination with a heat pump
may be considered. Underground thermal energy
storage (UTES) is suitable - in this case the
heated area is also cooled in summer.
Other heat sources - like waste heat - may be
taken into account if a reliable supply over the
whole design lifetime is guaranteed.
The first step in system design consists of the
definition of the plant specifications - as accurate as possible. The next step is an estimation
of the annual operating time and the typical and
maximum heat output of the heating system
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A

number of pilot plants for geothermal
snow melting and/or geothermal de-icing
have been built all over the world.

In the USA a few projects for geothermal road
and bridge heating have been realized. Some
of these are combined with heat pumps. Some
others are using seasonal heat storage. The
oldest documented geothermal snow melting
installation was built in 1948 using natural hot
geothermal water.
In the 1990s several pilot plants for snow melting
installations based on geothermal heat pumps were
built in Japan, where active snow melting using
non-renewable sources has a long tradition.
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Winter 1995/96

above 3 °C. SERSO provides a direct use of
the geothermal heat. Electricity is only used for
circulation pumps. The installation has shown
that much more heat was collected in summer
than needed in winter for de-icing. Experts agree
that cooling in summer would also extend the
lifetime of the pavement.
There are similar road and outside surface
heating systems for snow melting and de-icing
in other European countries (e.g. The Netherlands). These systems use mainly groundwater
as heat and cool source and are combined with
building services.

Prevention of
ice-formation on
a bridge surface
(Swiss SERSO
plant).

Geothermal snow
melting installation
at a bridge in
Amarillo, TX (USA).

Another such installation was constructed in
the Harz region in Germany in 2005. Aim of the
geothermal heating system was snow melting
on a platform of a local train stop. The platform
has an extent of 200 m. The underground heat
storage is tapped with 9 borehole heat exchangers with a length of 200 m each.
A well known and well documented geothermal
installation is the SERSO pilot plant in central Switzerland, which went into operation in 1994 and is
still running. Aim of the installation was to prevent
ice-formation on a highway bridge surface.
SERSO is in a way the mother of the geothermal
bridge or road heating systems. The SERSO
system was developed and designed in the early
1990s and went into operation in 1994. SERSO
is working since 1994 without interruption until
today. Aim of the installation was to guarantee
the same road surface conditions on the heated
bridge as on the adjacent road sections.
SERSO is collecting heat in summer from the hot
road surface and is storing the energy in a nearby rock storage, which consists of a concentric
field of 91 bore-hole heat exchangers. In winter,
heat is extracted from the heat storage and used
to maintain a temperature of the bridge surface

Geothermal snow melting and de-icing was
a subject of different studies recently worked
out in central Europe. The GeoVerSi study of
Nordrhein-Westfalen’s road construction and
maintenance department (Germany) serves as
a recent example.

Infrared picture of
the Swiss SERSO
plant when
operating on the
left lane.
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Advantages

G

eothermal road, bridge or outside surface
heating is a feasible and approved possibility to increase traffic and public safety.
Several examples have shown that geothermal
road heating systems work without problems over
years – completely renewable. A fully automatic
operation allows reducing the number of night
shifts of winter maintenance staff.
A geothermal snow melting or de-icing system
is a smart and environmentally-friendly alternative to the common mechanical and/or chemical
winter maintenance and is – as a big advantage
– available in the day and at night without a costly
stand-by emergency organisation.
At heavy snow fall, the geothermal heating
prevents the freezing of the surface even with
low system temperatures: mechanical clearing
becomes very easy.
Geothermal snow melting systems applied
to important traffic junctions or express ways
increases mobility as well as traffic safety. It
decreases the number of accidents and the total
number of traffic hold-up hours and therefore
lowers the overall economic costs.

Costs

G

eothermal snow melting without heat
pump is very cheap in operation, independent of the geothermal heat source
used. The use of ground source heat pumps
makes the system operation more expensive.
The installation of a hydronic geothermal heating
system is rather cost intense - depending upon the
geothermal heat source. The costs range from several hundred Euros to about 1’200 Euros/m2.
A value benefit analysis is recommended and
normally shows a reasonable result. Although
the initial costs are high, such systems are not
uneconomical. Social and macroeconomic
benefits are given.
Geothermal snow melting on a small
access road to a private parking area.
Basic data: Located in central Europe;
heated area: 25 m2; cooling in summer
provided; no heat pump used; heat
demand approx. 9 kWth - depending on
the local climatic conditions.
Geothermal snow melting system: 1
borehole heat exchanger (depth 260
m - depending on local geology). Costs
of borehole heat exchanger, piping
and heating installation in the pavement; control system and adjustment:
855 Euro/m2. Electricity need per year
(operating costs) approx. 350 kWh.
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EGEC
European Geothermal Energy Council a.s.b.l.
Renewable energy House
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Geothermal energy

P

er definition, geothermal energy is the energy stored in
form of heat beneath the earth’s surface. It has been
used since antique times for heating, and for about 100
years also for electricity generation. On a human timescale,
geothermal heat is an inexhaustible source of energy, comparable to that of the sun.
Until now we just used a marginal part of the underground
heat reservoir potential. Geothermal energy is today used
for electricity, for district heating, as well as for heating (and
cooling) of individual buildings, including offices, shops, small
residential houses, etc. Given the fact that our Earth is full
of energy, any temperature level in the underground can be
used directly for geothermal energy, for instance with deep
boreholes or with a heat pump. Meanwhile a number of new
and innovative applications of geothermal energy have been developed, and some of those have
already been demonstrated (snow-melting, desalination,…).

Geothermal benefits:
The main benefits of geothermal energy are:
• It is a renewable Energy Source: the heat from
the earth is inexhaustible delivering heat and
power 24 hours a day throughout the year,
and available all over the world with a minor
land use, and contributing to the reduction of
Green House Gas emissions
• A safe and controlled technology: Independent of the season, climatic conditions and day
time; Proven and controlled technically, use
from antique time for heating & cooling, and
for more than 100 years for electricity

• An economically sustainable energy: Indigenous, make it independent of external supply/
demand effects and fluctuations in exchange
rates; saves on overseas expenditure; allows
‘local’ fossil resources such as soil, coal and
natural gas to be saved with a Long-term
durability of installations and Not sensitive to
conventional energy prices
• Furthermore geothermal energy can help to improve the competitiveness of industries, at least
in the long run, and can have a positive impact
on regional development and employment.

• An energy adaptable with high performance:
an answer to all energy needs: electric power,
heating, cooling, hot water, energy storage;
Modulated according to type of resources, to
size and nature of equipments, and in order
to meet demands; with an extensive global
distribution: that makes it accessible to both
developing and developed countries
• Geothermal power is a clean, reliable and
baseload energy (available year round and
round the clock, independent of external weather
conditions : the load factor of geothermal power
plants is higher than 95% when used to cover
base load), that save money at home (no fuel
to be imported from abroad), and can create
jobs in local communities.
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