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CONVENTIONAL GEOTHERMAL SYSTEMS

A Geothermal system can be described schematically as 

"convecting water in the upper crust of the Earth, which, in a confined 

space, transfers heat from a heat source to a heat sink, usually the 

free surface".
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The conventional use of 

geothermal energy is usually 

divided into two categories:

high temperature resourceshigh temperature resources

T> 150°C are mainly used for 

electricity generation;

low temperature resourceslow temperature resources

T< 150°C are mainly used 

directly for heating purposes. 

There is a wide range of the 

use of geothermal energy.

UTILIZATION
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HEAT PRODUCTION

Heat production can be 

obtained from geothermal 

energy in two distinct 

manners. 

The first consists in directly 

exploiting the substratum 

aquifers, whose temperatures 

are included between 30°C 

and 150°C (so-called low and 

medium energy applications). 
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The second way of producing 

heat is through the use of 

geothermal heat pumps 

(collectors buried or on 

aquifer), that are of so-called 

very low energy applications. 

Geothermal heat pumps are 

part of the renewable 

technologies which are gaining 

more and more success on the 

European market. 

Main advantage: it can be used 

for space conditioning (heating 

and cooling).
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“Geothermal energy is a 

source of renewable 

energy stored in the 

form of heat, below the 

solid surface of the 

ground”

This definition integrates 

all heat pumps with 

underground sensors in 

the overall group of 

geothermal heat pumps

From EurObserver 2007
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2010 PROSPECTS: heat

White Paper objectives that were calculated for the EU have been

largely exceeded. This result is explained in part by the arrival of the 

new member States, but also by very high growth in the heat pump

market. It is more difficult for experts to determine exact low and middle 

energy geothermal capacity.
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Geothermal electricity production consists of converting the heat of high 

temperature aquifers (from 150°C to 350°C) through the use of turboturbo--

generatorsgenerators. 

If the temperature of the aquifer is included between 100°C and 150°C, 

it is also possible to produce electricity, but in using binary cycle binary cycle 

technologytechnology in this case. In this process, a heat exchanger transmits the 

heat of the aquifer to a fluid (isobutane, isopentane, ammonia…) with 

the property of vaporising at a temperature lower than that of water. 

ELECTRICITY PRODUCTION 

from conventional geothermal systems
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From EurObserver 2007
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2010 PROSPECTS: electricity

Each country that is involved in geothermal energy is seeking to

increase its installed capacity: Italy 100 MWe, Portugal 17 MWe and 

France 35 MWe (Soulz-sousforêt and Bouillante 3, new binary cycle 

power plants in Germany and Austria.
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Toward the future

• Economic and environmental constrains have changed

– increase of the energy price, threats of global warming 
(greenhouse gas concentration in the atmosphere)

– new EU objectives: 20% Renewable Energy in 2020

• Several major geothermal projects have been developed 
(Germany, Iceland), renewed interest for unconventional 
geothermal energy worldwide (Australia, US)
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“New” perspective: 
Enhanced Geothermal Systems EGS

For all intents and purposes, heat from the earth is inexhaustible. Water 

is not nearly as ubiquitous in the earth as heat. 

EGS concept covers 

specifically 

reservoirs at depth 

that must be 

engineered to 

improve hydraulic 

performance
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The Enhancement challenge:

Extending the resources far beyond a conventional use of geothermal 

resources requires the use of non-conventional methods for exploring, 

developing and exploiting geothermal resources that are not economically 

viable by conventional methods.

The final objective: development of a technology to produce electricity and/or 

heat from a basically ubiquitous resource - the internal heat of the Earth - in 

an economically viable manner relatively independent of site conditions. 

� exploration

� resource assessment 

� resource management

� advanced drilling

� advanced stimulation

� efficient power cycles

� environmental impact

RESOURCE USE

COST

RISK
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ENhanced Geothermal Innovative  Network 

for Europe (ENGINE)

P. Ledru, P.Calcagno, A. Genter*, L. Le Bel, BRGM, France
E.Huenges, D. Bruhn, GFZ, Germany 

M. Kaltschmitt, IE, Germany 

C. Karytsas, CRES, Greece 
T. Kohl, GEOWATT, Switzerland 

A. Lokhorst, TNO, Netherlands
A. Manzella, CNR-IGG, Italy, 

S. Thorhalsson, ISOR, Iceland
* presently Scientific Coordinator of the Soultz project
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ENGINE breakdown structure

• Start 1 November 2005, 30 months, 2,3 M€, 
31 European partners + 4 from Third 

Countries, 20 countries involved in 
Geothermal R&D

A scientific and technical European Reference Manual for 

the development of Enhanced Geothermal Systems

An updated framework of 
activities concerning 

Enhanced Geothermal Systems 

in Europe

Best Practice Handbook 

and  
innovative concepts
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Enhancing and broadening geothermal energy reserves

– stimulating reservoirs in Hot Dry Rock systems and enlarging the 

extent of productive geothermal fields 

– improving thermodynamic cycles, 

– improving exploration methods for deep geothermal resources

– improving drilling and reservoir assessment technology,

– defining new targets and new tools for reaching supercritical fluid 

systems, especially high-temperature down-hole tools and 

instruments

Enhanced Geothermal Systems: the concept
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“The future of geothermal energy”

DOE-sponsored study, 

by a panel of 

independent experts 

led by the 

Massachusetts 

Institute of Technology 

(MIT).

Followed by “An 

evaluation of EGS 

technology”
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1: Site characterization

From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”
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1: Site characterization

From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”
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1: Exploratory well 
and reservoir characterization

From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”
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2: Injection well

From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”
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From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”

2: Injection well
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2: stimulation

From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”
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3: operate the reservoir

From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”
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From “An Evaluation of 

Enhanced Geothermal 

Systems Technology”

3: operate the reservoir
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Towards a demonstration program integrating the 
different research areas

A program is now needed to demonstrate that EGS reservoirs with the 
required characteristics (well distributed, sufficiently large heat 
exchange surfaces, sufficiently high flowrate and temperature, low flow 
impedance, low water loss) constitute a sustainable source of energy at 
a price competitive with other renewable energy technologies. 

This demonstration should also define a strategy for upscaling EGS 
output to several 100 MWt and/or several 10 MWe. Priorities are 
defined towards the perspective of such a demonstration programme.
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Geothermal energy R&D in the 7th Framework 
Programme and beyond

Topic ENERGY.2008.2.4.1: Increased electricity production from Enhanced 
Geothermal Systems and from low enthalpy geothermal sourcesIncreased 
electricity production from Enhanced Geothermal Systems (EGS)
•Expected impact: Demonstration of efficient and sustainable electricity 
production from EGS; reduced costs; better understanding of plant 
operation
Topic ENERGY.2008.2.4.2: Innovative cycles for low/medium temperature 
geothermal power
•Expected impact: Increase the range of potentially interesting 
geothermal sites for exploitation, with reduced capital costs and higher 
energy conversion efficiency
Topic ENERGY.2008.4.3.1: Innovative components and subsystems for 
geothermal district heating/cooling 
•Expected impact: Increased market penetration of geothermal heat
supply, facilitated by affordable and easy-to-use off-the-shelf components 
tailored to the market needs
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Altre fonti di finanziamento 

• A livello italiano 

� Progetti POR, PON

� Bandi Regionali (fondi CIPE, EU…)

� Consorzi e convenzioni con industrie interessate

• A livello internazionale 

� World Bank

� Consorzi e convenzioni con industrie interessate

� IDDP, ICDP…

Collegamento con progetti di sequestro CO2, uso di sistemi energetici 
e processi industriali in cascata 
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Da “Rapporto Energia 

Ambiente 2006”, ENEA


