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Geothermal exploration and exploitation in Italy…..since 1904
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With new Italian regulations (2009), which favor 

and incentivize innovative pilot power plant with 

zero emission, many geothermal project and 

investigations have started in the last 3 years 

Years
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Geothermal Projects of INGV
SIMPAS: monitoring of gas emission from geothermal 

power plants, POR CREO FESR 2007-2013 (ended in April 2012)

GEISER: Geothermal Engineering Integrating
Mitigation of Induced Seismicity in Reservoirs 

FP7-ENERGY-2009-1 (June 2013)

Exploitation permissions for two 5MWe pilot plant (ongoing) 
(ISCHIA ISLAND “Forio” and CAMPI FLEGERI “Scarfoglio”
INGV-TADDEI and Geoelectric Companies agreement) 

CFDDP : Campi Flegrei Deep Drilling Project
(first phase concluded in December 2012)

START (tri-generation power plant -western sector of Naples)
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New Estimates of Capacity for Italy (Italian 
Technological Alliance, 2011)

More than 5 GWe
corresponding to more than 10% of 

electrical needings for Italy

In Campi Flegrei-Ischia volcanic district: >17 
GWt thermal, >1.7 GWe electric, about 30% 
of total (Carlino et al., 2012) 
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The active Campanian volcanoes

Naples >1 mil people

Tyrrhenian
Sea

1302

1538 1944

q=500-600mWm-2

q=80-160mWm-2

q=~65mWm-2

(AGIP, 1987; Corrado et al., 1998; Della Vedova et al., 2001)

Campania Plain

Ischia

Campi Flegrei
Vesuvius



Geothermal exploration at 
Campi Flegrei and Ischia

A numbers of geothermal data are inferred from

1939 to 1985 geothermal researches in Campania:

177 wells drilled (max depth 3046m) (AGIP, 1987)

Campi Flegrei, from Penta 1949; Ischia, from Penta, 1949



Caldera
rim

Deep>200m

Shallow<200m

Deepest well
3046 m

Geothermal 
Gradient

120/180°Ckm-1

26 wells at Campi Flegrei

180

Location
of 5MWe 

power plant

Carlino et al., 2012
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Deep>200m

Shallow<200m

Caldera
rim

Deepest well
1156 m

Geothermal 
Gradient

140/220°Ckm-1

90 wells at Ischia Island

220 200

150

Location 
of 5MWe

power plant

Carlino et al., 2012
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Well depth
2072 m

This is the only
well of Campanian 
volcanic area where
the carbonatic rocks 

were encountered 
(Brocchini et al., 2001)

4 km

Geothermal 
Gradient

30°Ckm-1

1 well at Vesuvius

Carlino et al., 2012
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Temperatures of Phlegreans district

∆T/∆h=150°Ckm-1

inside caldera

outside caldera

∆T/∆h=180°Ckm-1

Campi Flegrei Ischia

Water-dominated
systems (Ranalli et al,2005)

Vapour-dominated
systems (Ranalli et al., 2005)

TDS
39000
to 75000 ppm

TDS
6000
to 24000 ppm

Carlino et al., 2012



Temperature at well head: min 150°C, max 250°C;
Average flow rate: 55kgs-1;
Specific heat of geothermal fluid: 3kJkg-1K-1 (T=180°C);
Density: 1.08kgl-1 (con T=180°C);
Salinity: 30.000 TDS (ppm )in the reservoir (T=247°C, depth500-900m);
Vapor phase: 30-40%;
Not condensable gases <2% weight;
Well head pressure: 8bar.

Data from AGIP-ENEL (1987) during productive tests
(Campi Flegrei)

European Geosciences Union, General Assembly 2013
Vienna | Austria | 07 – 12 April 2013



Temperatures and heat transport 

Ischia

Q = heat content, 6·1012Jm-2

k = thermal diffusivity, 1mm2s-1

λ = thermal conductivity, 3.35 Wm-1°C-1

ρ = rocks density (average), 2300Kgm-3

ρf = fluids density, 1000kgm-3

c =magma specific heat, 1kJkg-1K-1

cf =fluids specific heat, 4.815 Jkg-1

Tr = geoth reservoir temperature, 140-180°C
T0 = surface temperature, 60°C
t= time, 33ky
y =depth, down to 900 m
ν = Darcy velocity porous media, 6.7·10-8ms-1

Local contribution
to heat mantaining

for advection

Conductive

2k
m

(Turcotte and Schubert, 2001)

Magma intrusion

Advection

(one-dimensional solution in a porous media)

Conduction

(one-dimensional solution)

(1)

(2)



Exploitation permissions 
ISCHIA ISLAND “Forio” and CAMPI FLEGREI 

“Scarfoglio” (5MW Pilot Power Plants)

Approved in the first phase of evaluation by
MISE (Department of Economic Development)
Waiting for Environmental Impact Assessment
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Ischia Island
5MW geothermal power plant

Conceptual model of geothermal reservoir of the island

Carlino et al., submitted
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Ischia Island: sustainability of geothermal resource

K=10-15 m2

K=10-18 m2
K=10-16 m2

Simulation (TOUGH CODE) of DT and DP for these conditions:
-finite volume resolution of Mass and Energy balance equation; 
-convective flow in a porous media (Darcy law);
-conduction is also considered;
-withdrawal of 80tonh-1 of fluid at temperature of 150°C (5MWe);
-600 m deep borehole (convective fluids zone);
-30 years of exploitation;
-volume=18km3;
-porosity= 0.2;
−ρ=2400kgm-3;
-saturated two phase �
(mixture vapor + water)

Carlino et al., 2012; Carlino et al., submitted



DT after 30 years around the productive well

Productive well

Depth of
spa wells
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DT after 30 years around the productive well (3D)

Productive well
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DT after 30 years around the productive and 
reinjection wells

Productive wellReinjection well
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DP (bar) after 30 years around both the productive 
and reinjection wells

Productive wellReinjection well
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Active Faulting
&

Earthquake Processes

Geobiosphere 
&

Early Life

Impact Structures

Climate Dynamics 
&

Global Environments

Convergent Plate Boundaries
&

Collision Zones

Natural 
Resources

Hotspot Volcanoes
&

Large Igneous Provinces

Volcanic Sysytems
&

Thermal Regimes

Campi Flegrei Deep Drilling Project (CFDDP) and themes of 
the ICDP International Continental Scientific Drilling Program 



CFDDP: pilot hole (500 m 
deep) concluded in 
December 2012
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The drilling site (December 2012)
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CFDDP drilling
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Measured temperatures
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Leak-off Test 
for estimation 

of in-situ
permeability 

and minimum 
principal stress

Lock of BOP
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Leak-off Test for estimation of in-situ permeability
and minimum principal stress

Leak Off Pressure

Formation Breakdown
Pressure

Minimum Principal Stress
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Leak-off Test for estimation of in-situ permeability
and minimum principal stress

Step 1 Step 2 Step 3

P1 P2 h1 h2 t2-t1 ∆P1-2 P3 P4 h1 h2 t2-t1 ∆P3-4 P5 P6 h1 h2 t2-t1 ∆P5-6

8.9 6.3 90 63 15 2.6 12.8 4.7 120.8 40.7 45 8 18.3 8.3 183 83 60 10

Step K (m/s) k (m2) ∆k (m2 )

1 4.3 *10 –6 4.3 *10 –13 ±0.1 *10 –13

2 4 *10 –6 4 *10 –13 ±2 *10 –13

3 2 *10 –6 2 *10 –13 ±5 *10 –13
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Next Steps:

Environmental Impact Assessment for power 
plants at Ischia and Campi Flegrei (final approval 
of MISE);

Deep drilling CFDDP (3.5 km) rocks and fluids 
parameters evaluation for deeper geothermal 
system;

Evaluation of best models of geothermal 
exploitation of highly urbanized contest 
(sustainability and environmental impact).
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Thanks for your attention!



Temperatures and heat transport 

(De Natale et al., 2001; Della Vedova et al., 2001; Carlino et al., 2006; Zollo et al, 2006; 2008)

West East



Temperatures and heat transport 

Ischia

Q = heat content, 6·1012Jm-2

k = thermal diffusivity, 1mm2s-1

λ = thermal conductivity, 3.35 Wm-1°C-1

ρ = rocks density (average), 2300Kgm-3

ρf = fluids density, 1000kgm-3

c =magma specific heat, 1kJkg-1K-1

cf =fluids specific heat, 4.815 Jkg-1

Tr = geoth reservoir temperature, 140-180°C
T0 = surface temperature, 60°C
t= time, 33ky
y =depth, down to 900 m
ν = Darcy velocity porous media, 6.7·10-8ms-1

Local contribution
to heat mantaining

for advection

Conductive

2k
m

(Turcotte and Schubert, 2001)

Magma intrusion

Advection

(one-dimensional solution in a porous media)

Conduction

(one-dimensional solution)

(1)

(2)



Areas with high geothermal gradient in Italy

Very High

High

Campi Flegrei

200-800 m - 200°C

2500-3000 m - Supercritical

Larderello

800-1500 m - 200°C

3000-3500 m - Supercritical

South Tyrrhenian 
Basin

Supercritical?
(from Geothermal database, IGG-CNR)



Temperatures of Phlegreans district

∆T/∆h=150°Ckm-1

inside caldera

outside caldera

∆T/∆h=180°Ckm-1

Campi Flegrei Ischia

Water-dominated
systems (Ranalli et al,2005)

Vapour-dominated
systems (Ranalli et al., 2005)

TDS
39000
to 75000 ppm

TDS
6000
to 24000 ppm

Carlino et al., 2012



Temperature at well head: min 150°C, max 250°C;
Average flow rate: 55kgs-1;
Specific heat of geothermal fluid: 3kJkg-1K-1 (T=180°C);
Density: 1.08kgl-1 (con T=180°C);
Salinity: 30.000 TDS (ppm )in the reservoir (T=247°C, depth500-900m);
Vapor phase: 30-40%;
Not condensable gases <2% weight;
Well head pressure: 8bar.

Data from AGIP-ENEL (1987) during productive tests
(Campi Flegrei)
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Campi Flegrei

Conceptual model of geothermal reservoir of caldera

5MW geothermal power plant
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