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Geothermal resources

+ Geothermal energy = the heat of the earth

+ Geologic environment
»  Magmatic/volcanic
» Thermal aquifers
} Geopressured
1 Crustal heat

Geothermal o Fossil fuel reserves .
S olirces billion TOE (end 2010) billion TOE
Crustal heat 10.775.60( Coal 422
Magmatic/Volcanic 327.360 Oil 208
Geopressured 55.924 Natural gas 168
Aquifers, thermal 18
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Exploitation technology: present

} Hydrothermal systems

Hot water/steam bearing formations of sufficient permeabillity
& porosity

+ Plant technology

Wells yield dry steanY Dry steam condensing plants
Wells yield two phase flui¥ Flash condensing plants
Wells yield liquid wately Binary plants

Combined cycle plants

Depths 23 km
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Exploitation technology: the future

+ Enhanced geothermal systems (EGS)

Inadequate natural permeability to sustain
commercial production rates

An artificial reservoir is engineered by hydraulic
fracturing, acidizingropellants, etc

Surface water is circulated through the system as
heat transfemedia

Depths 35 km

The future is now: a handful of EGS plants are in
operation around the globe

First EGS plant producing electricitySoultz

} Supercritical fluids
>350°C from depths 510 km
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Dry steam plants

COMDENSING PLANT

Cooling Tower

Turbine Generator

Larderello
Geysers
Kamojang

Steam Pipelina

Condenser
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\ Production Well : :
Hot water/steam bearing formations of

sufficient permeability & porosity Reinjection Well
Wells yield dry steam
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40MW Nuova San Martino plant, Larderello

> Photo from Cappetti G., Romagnoli P.and Sabatelli F. (2010). Geothermal il kane
Power Generation in Italy 2005 62009 Update Report S| cres



Flash condensing plants
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130 MWe Nga Awa Purua plant




Photo: Jaudin F (2006). Geothermal fields of Guadeloupe, Martinique and La Réunion e «ane
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Binary plants
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Combined cycle flash/binary plants
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34 MWe Rotokawa plant

Photo: Mighty River Power & Tauhara North No 2 Trust Brochure Am% KATE
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Location of geothermal power plants

} tectonic plates boundaries } volcanic/magmatic
} hydrothermal systems environments
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Installed capacity: world

20007 Geothermal plant capacity is expected to double
4.500 - from 11,2GWe today to 23,0GWe in 2020
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Installed capacity: EU
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from <1 GWe today to 1,5GWe in 2020

Geothermal plant capacity is expected to grow

2010
2012
2015
2020
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Italy

Portugal France Germany other
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Plant types

/ installed MWe
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