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PRESENTATION STRUCTURE

• status of geothermal energy in Europe 
(separately for power generation and for direct use)

• development trends 

• future prospects

DATA BASE

WGC2005 was held in Antalya/Turkey, 25-29 April 
2005. From the country reports submitted, 
two overview papers have been elaborated:

• Bertani, R. (2005): World geothermal power 
generation in the period 2001-2005.
Geothermics 34, 651-690

• Lund, J.W., Freeston, D.E., Boyd, T.I. (2005): 
Direct  application of geothermal energy. 
Geothermics 34, 691-727

(refers to 2005)

DATA BASE

• Lund, J.W., Freeston, D.E., Boyd, T.I. (2005): 
Direct  application of geothermal energy. 
Geothermics 34, 691-727 

• Rybach, L. (2006): Status and prospects of geothermal 
energy in Europe – a summary. Geothermal Resources 
Council Transactions Vol. 30, p. 675-679

• Bertani, R. (2007): World Geothermal Generation in 
2007.  Proc. European Geothermal Congress 2007

• Antics, M., Sanner, B. (2007): Status of Geothermal 
Energy Use and Resources in Europe. Proc. European 
Geothermal Congress 2007

Geothermal power in Europe Installed capacity distribution in Europe
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Neustadt-Glewe,

Germany

200 kWe ORC

•Altheim, Austria

•1 MWe ORC

•10 MWt – 4.7¢/kWh

•Well:  2,300 m

•106oC @ 100 L/s

Geothermal power plant realizations in Germany 2007

Location Geothermal 
power 

(MWth) 

Electric 
power 
(MWe) 

Drill 
depth 
(m) 

Production 
temperature 

(°C) 

Production 
rate 

(m3/h) 

Planned 
operation 

start 
Gross 
Schönebeck 

10 1.0 4294 150 <50 2008 

Neustadt-
Glewe* 

1.3 - 3.5 0.21 2250 98 119 2003 

Bruchsaal 4.0 ca. 0.5 2500 118 86 2008 
Karlsruhe 28  3100 >150 270 2008 
Landau* 22  2.5 3000 150 250 2007 
Offenbach 30 - 45 4.8 - 6.0 3500 160 360 2008 
Riedstadt 21 ca. 3.0 3100  250 2008 
Speyer 20 - 50 4.8 - 6.0 2900 150 450 2009 
Unterhaching* >30 3.4 3577 122 >540 2007 

*) in operation

Combined heat and power plant, Unterhaching/D

started in 2007,   3.4 MWe

Ormat binary power plant, Landau/D

started in 2007,  2.5MWe

Direct use status

• Various direct uses (for space heating, 
agriculture, balneology etc.) are reported,

• from 34 European countries.

• The totals yield 14 GWt and 158’000 TJ/yr.
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WORLD DIRECT-USE 2005

Region MWe (%) GWh/yr (%)
Africa 0.7                 1.1
Americas 32.3 16.7 
Asia 20.9               29.4
Europe 44.6               49.0
Oceania                    1.5                 3.8

GEOTHERMAL DIRECT USE IN EUROPE IN 2004,
from Lund et. al. (2005), Rybach (2006) and Antics & Sanner (2007)

    Country Capacity 
MWt 

Use 
TJ/yr 

Capacity 
Factor 

    Albania 9.6 8.5 0.03
    Austria 352.0 2229.9 0.20
    Belarus 2.0 13.3 0.21
    Belgium 63.9 431.2 0.21
    Bulgaria 109.6 1671.5 0.48
    Croatia 114.0 681.7 0.19
    Czech Republic 204.5 1220.0 0.19
    Denmark 330.0 4400.0 0.42
    Finland 260.0 1950.0 0.24
    France 308.0 5195.7 0.53
    Georgia 250.0 6307.0 0.80
    Germany 952.0 6060.0 0.18
    Greece 74.8 567.2 0.24
    Hungary 694.2 7939.8 0.36
    Iceland 1844.0 24500.0 0.42
    Ireland 20.0 104.1 0.17
    Italy 650.0 8000.0 0.39

     Lithuania 21.3 458.0 0.68 
     Macedonia 62.3 598.6 0.30 
     Netherlands 253.5 685.0 0.09 
     Norway 600.0 3085.0 0.16 
     Poland 210.0 1108.0 0.16 
     Portugal 30.6 385.3 0.40 
     Romania 145.1 2841.0 0.62 
     Russia 308.2   6143.5 0.63 
     Serbia 88.8 2375.0 0.85 
     Slovak Republic 187.7 3034.0 0.51 
     Slovenia 49.6 729.6 0.47 
     Spain 22.3 347.2 0.49 
     Sweden 3840.0 36000.0 0.30 
     Switzerland 650.0 5500.0 0.23 
     Turkey 1385.0 24000.0 0.53 
     Ukraine 10.9 118.8 0.35 
     United Kingdom 10.2 45.6 0.14 
     TOTAL 14’114.1 158’734.5  

 

(Table continued)
Distribution of direct use capacity in Europe

In Iceland:
88 % of all buildings

In the Paris area:
over 100‘000 apartments

are supplied by geothermal district heating

Reykjavik / Iceland Geothermal heating in IEA countries in 2004 
(data from Lund et al. 2005, WGC2005)
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practically everywhere.
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Different geothermal heat pump (GHP) systems

vertical horizontal

two well

Red box: Heat pump

BHE Ground-
water

Heat exchanger loops
(also in dry ground)

most common
Borehole Heat Exchanger / BHE

(BHE)

50 – 400 m deep

Geothermal heat pump with BHE

BHE drilling and installation

Real world examples (1)

Grand Hotel Dolder in Zurich
Reconstruction, extension
(22‘000 m2 47‘000 m2)
Design by GEOWATT AG Zurich
1 GWh/yr heating and 1 GWh/yr cooling
using 75 BHE of total 10‘000 m length

Energy piles: Borehole heat exchangers
underneath buildings Energy piles installation

ENERGY PILES

Real world examples (2)

Terminal E, Zurich airport

200‘000 m3 construction space 
58‘000 m2 energy supply area 

2120 MWh/a heating, 1240 MWh/a cooling load

300 energy piles à 30 m

Terminal E, Zurich airport

The blueprint:

The realization: from drilling over installation to operation
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Large-scale groundwater-based GHP systems in development
in Milano (from Sparacino et al. 2007)

Total supply of 650 GWh/yr, for 20‘000‘000 m3 space, and 250‘000 equ. inhabitants

Table 1: GHP number and installed capacity in EU countries (from 
Geothermal Energy Barometer, September 2007)

Table 2 – Main GHP markets in the EU with number of installed 
units* (from Geothermal Energy Barometer, September 2007) DEVELOPMENT TRENDS IN EUROPE

• Over the past years, significant growth took place in 
power generation as well as in direct use. 

• Whereas the increase for power generation was 
relatively modest, a strong and continuous increase 
took place in direct use, especially for geothermal heat 
pumps.

• For example, the drilling for borehole heat exchanger 
(BHE) installations in Switzerland over the past years 
shows a typical increase (details see below).

The market plays already...

SWITZERLANDGHP sales in Germany
(B. Sanner, EGEC communication, 9 March 2006)

...in some countries
(some 50‘000 new GHP units – 600 MWt – start operation in the USA each year)
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EHPA Heat Pump Statistics 2006: Sales Figures Heating Only 
(excluding exhaust air heat pumps)

air/water

water/water

brine/water

dir. expansion/water or dir. condensation

dir. exp./dir. cond.

others

Total 

Heat pump sales in 2006

K. Ochsner, MEGN lecture Budapest, 30.11.2007

Geothermal heat pumps
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K. Ochsner, MEGN lecture Budapest, 30.11.2007
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Visionary goals of the EC for year 2020

Energy savings 20 %

Renewable energy share 20 %

CO2 emission reduction (rel. to 1990) 20 %

EREC Renewable Energy Technology road map (1) EREC Renewable Energy Technology road map (2)

EGEC target

EREC (=European Renewable Energy Council) projections
FUTURE PROSPECTS

• Generally it will be crucial to secure the sustainability 
of production. 

• For power generation this has been successfully 
achieved for the Larderello field (Italy) whereas the 
example of The Geysers (USA) shows that even 
sophisticated and costly solutions can lead to partial 
success only, besides creating unwanted side effects 
like man-made seismicity.

• For direct use and especially for geothermal heat 
pumps the sustainability can be secured by proper 
design.
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The future prospects can be viewed on the short and on the long term.

On the short term significant speeding-up in geothermal power 
development can be expected in some countries (Iceland, Turkey...)

A further, accelerating advance of geothermal heat pumps can 
definitely be expected

• in countries so far not yet or only marginally applying this 
technology (e.g. Spain) 

• and by progress in new applications like combined 
heating/cooling or energy piles (foundation piles equipped by 
heat exchanger tubing).

On the long term the prospects depend on the success of the 
Enhanced Geothermal Systems (EGS). 

The key component: 
an extended, sufficiently
permeable fracture network
at several km depth, with 
suitable heat exchange 
surfaces. 

EGS system principle, for heat/power co-generation

~200°C

EGS steam production at Soultz s.F., June 2005 
Table 8. Guaranteed feed-in tariffs (FIT, in Eurocents/kWh) for electricity from 
renewable sources in Europe. From energie extra 3.03, Swiss Federal Office of 
Energy, Berne (2003), EU Green-X (2004), Bundesgesetzblatt 2004, Teil I, Nr. 40

Energy 
source

Austria Germany France Luxembourg Portugal Spain

Solar PV 47 – 60 54.0 – 57.4 15.2 – 30.5 45 22.4 – 41.0 180 - 360

Wind 7.8 5.5 – 6.2 3.05 – 8.38 2.5 4.3 – 8.3 2.7

Biomasse 2.7 – 16.5 8.4 – 11.5 4.5 – 4.9 2.5 0 2.5 – 3.3

Small hydro 3.15 – 6.25 6.65 – 9.67 5.49 – 6.10 2.5 7.2 2.9

Geothermal 7.0 7.16 – 15.0 7.62 0 0 0

CONCLUSIONS

• Europe will further develop ist lead in direct use, 
especially with GEOTHERMAL HEAT PUMPS;

• Soaring oil prices and CO2 tax help;

• Small power generation units are appearing on the 
scene (ORMAT / Kalina); feed-in tariffs help;

• Many power plant projects are underway;

• There is increasing interest for EGS, also of 
decision makers.

Many thanks for your attention !

Prof. Dr. Dr.h.c. L. Rybach
GEOWATT AG Zurich
Dohlenweg 28
CH-8093 Zurich, Switzerland
rybach@geowatt.ch


