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Geothermal technologies 
Past, present and future 





Site Technology Biomass type 
Biomass 

need 
[kt/y] 

Capacity 
[MWe] 

Cornia 2 

Geothermal steam 
superheater with 
biomass firing by 
combustion grate 

Forest & 
agricultural 
residues, power 
crops 

43 4.8 

Cornia 2 biomass repowering 





Location Cornia 2 geothermal power plant – Castelnuovo Val di 
Cecina (PI) 

Plant data 
Thermal capacity: 16 MWt 

Increased net electric capacity: 4.8 MWe  

Plant description 

Biomass storage and handling system 

Combustion grate for biomass 

Superheater boiler for geothermal steam 

Flue gas treatment (including bag filters) 

Existing steam turbine (to be refurbished) and generator 

Existing cooling towers 

Geothermal superheated steam – 110 t/h @ 4.7 bar, 370°C 

Biomass 
43 kt/yr at 10.5 MJ/kg 

100% short range forest and agricultural residues as well as 
powercrops 

Equivalent operating hours 
at full load 7,800 hr/y 

    Total Net Energy production  37,440 GWh/yr 

Grid connection & Area Currently operating geothermal power plant Cornia 2 
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 Stillwater Geothermal Binary 

cycle plant (33MW) 



 
 
 
 

World’s first plant integrating CSP with a Geo binary plant will be 
developed in Nevada; 

CSP will integrate Geothermal gross capacity in order to 
maintain appropriate thermodynamic range of operation of 
isobutane; 

Hybrid Geo-CSP plant aimed to flatten hourly variations and 
increase production; 

Stillwater Geothermal Binary 
cycle plant (33MW) 

Stillwater Solar PV 
plant (26MW) 

It is the first hybrid PV solar - geothermal application in the 
world combining the continuous generation capacity of binary-
cycle, medium-enthalpy geo power, with the peak capacity of 
solar power; 

Still Water (33 MW) geo plant is one of the world largest binary 
cycle plants with “Closed-loop” system; 

 

 

 
PV hybridization project already operational in the US

Hybrid Geothermal – CSP Hybrid Geothermal – PV 









  

Addressing key risks  

Development  





 5-10% of Geothermal  project gross capacity in order to maintain 
appropriate  thermodynanmic range of operation  of isobutane 

Solar Field Area: 20 acres 

Collectors’ Area: 32,000 sqm 

HTF temp at heat exchanger inlet: 400 F 
(205 C) 





Under Construction





Case Ambient 
Temp

Net Thermal 
Input (% of 
17 MW-th)

Turbine 
Expanders 
in Service

1 40°F (4.4°C) 25 4
2 53°F (11.7°C) 50 3
3 63°F (17.2°C) 75 3
4 70°F (21.1°C) 100 2

 

































old 

new 



Early ’70 
 

Several gradient wells drilled in the area to 
define its potential 

Late ’70 4 exploration well proved resource of 277°C at 
1.600m  

Early ‘80 
 

Exploration completed for commercial 
exploitation 

1985 First 
phase 

ORMAT binary units with a combined 
generating capacity of about 1.5 MW.  

Second phase Topping turbine 1.8 MW 

1990 Third 
phase  

Condensing turbine with  7.5 MW capacity 

2003 Plant sold and shut down 

2007 Acquired by Enel Green Power 
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K  horizon

H horizon



High heat flow conditions       rift zones, subduction zones and mantle plumes.  
Thick blankets of thermally insulating sediment covering a basement rock that has a 
relatively normal heat flow        lower grade 
Other sources of thermal anomaly: 
•Large granitic rocks rich in radioisotopes 
•Very rapid uplift of meteoric water heated by normal gradient 

 

 



 

K  horizon

H horizon
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THE PROJECT 
 
Our proposal is aimed to the exploration of 
the K horizon, in order to investigate the 
presence of supercritical fluids  and their 
characterization, physical and chemical. The 
project will be realized through the 
deepening of an existing dry well Venelle 2 in 
Larderello, which has been halted quite near 
to such a target. 
The thermodynamical conditions could be 
very challenging and rich of perspectives: 
 
Temperature > 450°C 
Pressure >250 bar 
Supercritical fluids 
Chemical components 

EXPECTED OUTCOMES 
 
Well with high specific productivity = 
up to 30 MW per single well 
Closed loop production 
Reassessment of the reserves in our 
leases 
Possibility of high value chemical 
component extractions 
Technological and scientific challenge- 
fruitful international cooperation 



 
Supercritical fluids have been investigated  

by Japan and Iceland,  
with controversial results.  

 
There is a strong international interest  

in such a research frontier. 





in situ







Deep Resources: 
 

Unconventional Geothermal Systems  
(Working Group, Unione Geotermica Italiana, 2010)

 
 



Any system where reservoir stimulation techniques 

such as “hydro-fracking” and chemical stimulation 
are used to enhance permeability,  

and hence increase circulating flow rates and energy 

production rates 

 



DEEP DRILLING  
 High pressure and temperature 
 Aggressive fluids 
 Adequate materials: sensor, casing, mud, 

additives, cement 
 Operative technology:  well control and 

cementing 

DEEP EXPLORATION METHODS 
Geology, geophisics,s geochiemistruy, reservoir 

models 
 

PERMEBILITY  -  MINING RISK 

PRODUCTION 
 Not conventional fluids (aggressive, flash and scaling) 
Surface plants: special materials, valve, fittings, pipes, thermal insulation 
High temperature and high pressure  

SUSTAINABILITY 
Reinjection  
Induced sismicity  
dissolved gas management 

EFFICIENCY OF HEAT PRODUCTION  
AND POWER GENERATION 

Steam group, binary groups 
Heat pipe (?), rock / well fluid heat exchange 

















Forniture Calore inizio 
fornitura

Potenza 
nominale

tipo di fluido quantità di 
fluido

CO2             

evitata
uso

nome data Gcal/h Gcal ktep kt t

COMUNE CASTELNUOVO V.C. (capolugo) 01/03/1986 6,24 vap. id. 19.087 1,909 38,17 5.917 Teleriscaldamento

COMUNE CASTELNUOVO V.C. (Montecastelli) in prova 2,50 vap. id/n.id Teleriscaldamento

ISOLVER 01/10/1987 0,15 vap. id. 150 0,015 0,30 47 Usi industriali

COMUNE POMARANCE (Ina casa) 01/11/1988 0,62 vap. id. 1.070 0,107 2,14 332 Teleriscaldamento

COSVIG ACQUACOLTURA 17/06/1993 0,64 vap. n. id. 1.368 0,137 2,74 424 Agro Alimentare

SOCIETA' CHIMICA LARDERELLO 01/08/1994 8,50 vap. id. 13.135 1,314 26,27 4.072 Usi industriali

UTENZA PRIVATA 15/10/1994 0,01 vap. id. 12 0,001 0,02 4 Teleriscaldamento

COMUNE POMARANCE (Montecerboli) 01/12/1995 3,00 vap. id. 5.669 0,567 11,34 1.757 Teleriscaldamento

UTENZA PRIVATA 20/03/1998 0,02 vap. id. 40 0,004 0,08 12 Teleriscaldamento

UTENZA PRIVATA 15/02/1999 0,01 vap. id. 20 0,002 0,04 6 Teleriscaldamento

COMUNE POMARANCE (San Dalmazio) 01/12/1999 0,60 vap. n. id. 977 0,098 1,95 303 Teleriscaldamento

LA BORACIFERA S.r.l. 01/09/2001 5,30 vap. id/n.id 3.539 0,354 7,08 1.097 Serricoltura

UTENZA PRIVATA 12/11/2001 0,03 vap. id. 29 0,003 0,06 9 Teleriscaldamento

COMUNE POMARANCE (Capoluogo) 01/01/2003 10,00 vap. id. 15.030 1,503 30,06 4.659 Teleriscaldamento

UTENZA PRIVATA 01/10/2005 0,06 vap. id. 53 0,005 0,11 16 Teleriscaldamento

UTENZA PRIVATA 01/01/2006 0,02 vap. id. 33 0,003 0,07 10 Teleriscaldamento

UTENZA PRIVATA 15/10/2008 0,06 vap. id. 96 0,010 0,19 30 Teleriscaldamento

UTENZA PRIVATA 01/10/2008 0,03 vap. id. 26 0,003 0,05 8 Teleriscaldamento

UTENZA PRIVATA 01/10/2008 0,05 vap. id. 80 0,008 0,16 25 Teleriscaldamento

UTENZA PRIVATA 01/07/2008 0,03 vap. id. 51 0,005 0,10 16 Teleriscaldamento

SEI - TR villaggi aziendali 2,84 vap. id/n.id 4.203 0,420 8,41 1.303 Teleriscaldamento

TOTALE TOSCANA 40,701 64.670 6,467 129,34 20.048

energia fornita

Forniture Calore inizio 
fornitura

Potenza 
nominale

tipo di fluido quantità di 
fluido

CO2             

evitata
uso

nome data Gcal/h Gcal ktep kt t

UTENZA PRIVATA 15/10/1993 0,01 vap. id. 24 0,002 0,05 7 Teleriscaldamento

COMUNE MONTEROTONDO M.mo 14/10/1994 2,00 vap. id. 9.472 0,947 18,94 2.936 Teleriscaldamento

COMUNE POMARANCE (Lustignano) 07/03/1996 0,60 vap. n. id. 885 0,088 1,77 274 Teleriscaldamento

COMUNE POMARANCE (Serrazzano) 25/03/1996 1,70 vap. id. 2.811 0,281 5,62 871 Teleriscaldamento

COMUNE CASTELNUOVO V.C. (Sasso Pisano) 25/10/1996 2,00 vap. id/n.id 4.377 0,438 8,75 1.357 Teleriscaldamento

LA BORACIFERA S.r.l. 01/09/2001 5,30 vap. id/n.id 5.385 0,539 10,77 1.670 Serricoltura

UTENZA PRIVATA 01/03/2004 0,04 vap. n. id. 401 0,040 0,80 124 Teleriscaldamento

ARCADIA S.r.l. 01/05/2005 0,01 vap. n. id. 10 0,001 0,02 3 Agro Alimentare

SOLEMME S.p.a. 01/06/2005 2,00 vap. id. - - - - Teleriscaldamento

UTENZA PRIVATA 01/01/2006 0,04 vap. id. 33 0,003 0,07 10 Teleriscaldamento

UTENZA PRIVATA 01/01/2006 0,03 vap. id. 25 0,003 0,05 8 Teleriscaldamento

UTENZA PRIVATA 29/05/2006 0,02 vap. id. 24 0,002 0,05 7 Teleriscaldamento

Az. Agr.  LA GUARDIANA 15/10/2006 1,50 vap. id. 1.489 0,149 2,98 462 Serricoltura

Az. Agr. S. Martino 15/10/2006 0,40 vap. id. 356 0,036 0,71 110 Serricoltura

UTENZA PRIVATA 21/02/2007 0,02 vap. id. 15 0,002 0,03 5 Teleriscaldamento

UTENZA PRIVATA 21/02/2007 0,02 vap. id. 18 0,002 0,04 6 Teleriscaldamento

UTENZA PRIVATA 15/01/2007 0,02 vap. id. 71 0,007 0,14 22 Teleriscaldamento

UTENZA PRIVATA 01/12/2008 0,40 vap. id. 356 0,036 0,71 110 Agro Alimentare

UTENZA PRIVATA 01/01/2006 0,20 vap. id. 51 0,005 0,10 16 Teleriscaldamento

UTENZA PRIVATA 02/01/2009 0,73 vap. id. 121 0,012 0,24 38 Teleriscaldamento

Società Agricola La Guardiana S.r.l. 01/03/2009 3,30 vap. id. 513 0,051 1,03 159 Serricoltura

SEI - TR villaggi aziendali vap. id/n.id 1.556 0,156 3,11 482 Teleriscaldamento

TOTALE AGE 20,342 27.992 2,799 55,98 8.678

energia fornita



Forniture Calore inizio 
fornitura

Potenza 
nominale

tipo di fluido energia fornita quantità di 
fluido

CO2             

evitata
uso

nome data Gcal/h Gcal ktep kt t

LE SERRE (Parvus Flos) 29/09/1999 1,70 vap. n. id. 7.513 0,751 15,03 2.329 Serricoltura

TOTALE AGE 1,70 7.513 0,751 15,03 2.329

Forniture Calore inizio 
fornitura

Potenza 
nominale

tipo di fluido quantità di 
fluido

CO2             

evitata
uso

nome data Gcal/h Gcal ktep kt t

FLORAMIATA S.p.a. 15/11/1983 30,00 acqua 109.500 10,950 219,00 33.945 Serricoltura

AMIATA ENERGIA (TR S.Fiora) 15/10/2005 13,00 vap. n. id. 25.399 2,540 50,80 7.874 Teleriscaldamento

Az. Agr. Podere dei Venti 18/07/2008 13,00 vap. n. id. 53 0,005 0,11 16 Teleriscaldamento

TOTALE AGE 43,00 134.952 13,495 269,90 41.835

energia fornita


