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Why Geothermal Energy 
1What are the benefits of geothermal? Have we done all we can? 



The	  resource	  is	  vast	  and	  ubiquitous	  
and	  has	  a	  corresponding	  large	  
poten+al	  for	  u+liza+on.	  
	  

The	  basis	  of	  geothermal	  energy	  is	  
the	  immense	  heat	  content	  of	  the	  
earth’s	  interior:	  the	  Earth	  is	  slowly	  
cooling	  down.	  Since	  billions	  of	  years	  
the	  heat	  in	  the	  Earth	  Crust	  is	  
constantly	  supplied	  by	  the	  decay	  of	  
natural	  radioacEve	  isotopes	  or	  the	  
cooling	  of	  hot,	  shallow	  magmaEc	  
bodies.	  	  
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0 - 500 m 

500 – 5000  m 

More than 
 5000  m 

Mostly	  for	  Direct	  uses	  of	  heat	  	  
Borehole	  Heat	  Exchanger	  

Power	  genera+on	  –	  
Heat&Power	  genera+on	  	  
Conven+onal	  technologies	  –	  	  
EGS	  (Engineered	  Geothermal	  Systems)	  

EGS	  –	  Supercri+cal	  fluids	  
Future	  perspec+ves	  

Dry/hydrothermal	  	  
Shallow	  Reservoir	  

Hydrothermal	  Systems:	  
shallow	  and	  deep	  
reservoir	  

Hot	  deep	  dry/wet	  rock	  	  
reservoir	  

Depth 

Depending	  on	  the	  depth	  and	  the	  physical	  proper+es	  of	  the	  resource,	  the	  heat&power	  
produc+on,	  the	  upfront	  cost	  and	  the	  appropriate	  u+liza+on	  technology	  may	  vary.	  



The	  two	  main	  applicaEons	  of	  
geothermal	  energy,	  electric	  power	  
generaEon	  and	  direct	  use	  of	  heat,	  
are	  currently	  producing	  more	  than	  
60	  TWhe	  with	  10	  GWe	  of	  installed	  
capacity,	  and	  about	  300	  TJ/yr	  with	  
30	  GWth	  	  
	  
And	  are	  constantly	  growing.	  	  

WHY GEOTHERMAL ENERGY 

Geothermal	  power	  producEon	  by	  region	  
(Future	  trend	  IEA	  Tech.	  Roadmap)	  

Bertani,	  2012	  



Not	  depending,	  directly	  or	  
undirectly,	  on	  sun,	  geothermal	  may	  
produce	  24	  hours	  per	  day:	  	  
a	  base-‐load	  energy	  like	  fossil	  and	  
nuclear	  sources	  
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Load factor for power plants of different technology
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WHY GEOTHERMAL ENERGY 

The	  total	  cost	  (LCOE)	  of	  geothermal	  
power	  producEon	  is	  cheap	  if	  
compared	  to	  those	  	  of	  others	  

renewables,	  but	  the	  capital,	  up-‐
front	  costs	  remain	  high,	  due	  to	  the	  
scarcity	  of	  on-‐site	  data,	  the	  difficulty	  
to	  forecast	  the	  producEon	  prior	  to	  
drill	  combined	  with	  the	  high	  drilling	  

costs.	  
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Levelized	  Cost	  of	  New	  GeneraEon	  Resources	  in	  the	  
Annual	  Energy	  Outlook	  2011,	  EIA	  
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The	  total	  cost	  of	  geothermal	  heat	  
producEon	  is	  cheap	  if	  compared	  to	  
those	  	  of	  others	  sources.	  Many	  
countries	  are	  scarcely	  aware.	  
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The	  real	  geothermal	  poten+al	  is	  scarcely	  known,	  it	  is	  seldom	  
defined	  in	  detail	  by	  the	  countries	  and	  properly	  introduced	  in	  the	  

Energy	  Plans	  

Larderello, 1904 

Although	  geothermal	  
energy	  has	  a	  long	  

tradiEon	  for	  applicaEon	  in	  
Italy,	  there	  is	  li^le	  
awareness	  of	  its	  

potenEal,	  and	  the	  role	  it	  
might	  play	  for	  energy	  
producEon	  among	  

renewables.	  
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Energy needs in Italy 

What is required for the expansion of geothermal energy application, to 
increase the number of projects as well as the variety of uses  



ENERGY NEEDS GEOTHERMAL ENERGY 
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ENERGY NEEDS GEOTHERMAL ENERGY 
Total production of primary energy 
(kTOE), Eurostat  
Italy 2011: 32 MTOE 

Energy dependence (%), 
Eurostat  
Italy 2011: 81.3% 



ENERGY NEEDS GEOTHERMAL ENERGY 
Primary production of renewable 
energies (kTOE), Eurostat  
Italy 2011: 18 MTOE 
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Power production from 
renewable energies in Italy 
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ENERGY NEEDS GEOTHERMAL ENERGY 

Geothermal	  power	  producEon:	  
	  

8,5 	  %	  	  	  world’s	  power	  producEon,	  	  
1,9	  	  %	  	  	  naEonal	  power	  need	  
25	  	  	  %	  	  	  Tuscany	  power	  need	  
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Japan	  	  	  

El	  Salvador	  	  	  
Kenya	  	  	  

Costa	  Rica	  	  	  
Turkey	  	  	  

Nicaragua	  	  	  
Russia	  	  	  

Papua	  New	  Guinea	  	  	  
Guatemala	  	  	  

Portugal	  	  	  
China	  	  	  
France	  	  	  

Ethiopia	  	  	  
Germany	  	  	  
Austria	  	  	  

Australia	  	  	  
Thailand	  	  	  

MW 

Italy is a geothermal country 
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Larderello and Travale/Radicondoli are two parts of the same field, covering a huge area 
of approximately 400 km2, producing super-heated steam at a pressure of 2 MPa and 
temperature in the range 150–270 °C. At Larderello, the exploited area is 250 km2, with 
22 units for a total of 594 MW installed capacity; the Travale/Radicondoli, covers a 
surface of 50 km2, and the installed capacity is 160 MW (6 units). The most explopited 
are now the deep reservoirs, with pressure of 6–7 MPa and temperature of 300–350 
°C, at depth of 3000–4000 m 
Mount Amiata area includes two water dominated geothermal fields: Piancastagnaio and 
Bagnore. In both the fields a deep water dominated resource has been discovered under 
the shallow one, with a pressure of 20 MPa and a temperature around 300 °C. 
Presently, there are 5 units with 88 MW of installed capacity: one in Bagnore and four in 
Piancastagnaio. 
Projects for a further 112 MW have been approved and will be developed in the coming 
years: new plants in Larderello/Travale, Bagnore and Piancastagnaio, with a net increase 
of 80 MW (including the decommissioning of some older units). 

         
    From Bertani, 2011 
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Gross capacity 882 MW 

Power production 5400 GWh/y 

Units  35 

Wells in operation 308 

Reinjection wells 69 

Steam network 207 km 

Reinection water network  298 km 
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Concessions	  
Explora/on	  permit	  
Request	  for	  expl.	  p. 

Heat	  flow	  map	  
(mW/m2)	  

There	  is	  a	  growing	  interest	  
for	  geothermal,	  tesEfied	  by	  
the	  high	  number	  of	  
requests	  for	  exploraEon	  
projects.	  	  

Most	  of	  them	  are	  located	  
in	  the	  high	  heat	  flow	  areas	  
where	  hydrothermal	  
systems	  are	  expected.	  
 

We	  should	  not	  stop	  there.	  
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     REQUIREMENTS 
A comprehensive identification of 

resources and opportunities, as well as 
an accessible collection of data and 

information 

A clear and easy to follow regulation for 
authorizations in the exploration, drilling 
and exploitation phases of the project 

The promotion and dissemination of 
technology, values, economics 

Research and technological development 
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Projects and efforts 
Actual projects and actions 



PROJECTS AND EFFORTS 

Evaluation	  of	  Geothermal	  Potential	  for	  the	  
Regioni	  	  Convergenza	  	  

	  
An	   Agreement	   between	   the	   Ministry	   for	   Economic	  
Development	  and	  CNR,	   	   funded	   in	  the	  frame	  of	  POI	  for	  
RES,	   targeEng	   at	   development	   of	   geothermal	  
demonstraEon	   projects	   (power	   producEon	   and	   direct	  
uses)	  



Consiglio Nazionale delle Ricerche 
Dipartimento Terra e Ambiente 

GEOTHERMAL	  ASSESSMENT	  

Before	  VIGOR	  
Inventory	  of	  Na+onal	  Geothermal	  Resources	  
By	  CNR,	  ENEA,	  ENEL	  e	  ENI	  	  	  
Law	  No	  896	  of	  1986.	  
It	  resulted	  in	  maps	  and	  reports.	  
The	  Geothermal	  Ranking	  was	  based	  on	  
temperature	  and	  fluid	  availability	  
A:	  areas	  where	  at	  least	  one	  aquifer,	  at	  depth	  <	  3	  
km,	  has	  temperature	  >	  150°C	  
B:	  areas	  where	  at	  least	  one	  aquifer,	  at	  depth	  <	  3	  
km,	  has	  temperature	  in	  the	  range	  150	  –	  90	  °C	  
C:	  areas	  where	  at	  least	  one	  aquifer,	  at	  depth	  <	  3	  
km,	  has	  temperature	  in	  the	  range	  90	  –	  30	  °C	  
D:	  areas	  with	  only	  minor	  aquifers	  at	  depth	  <	  3	  
km,	  temperature	  <	  150°C	  

A 
B 
C 
D 
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WHAT	  AND	  WHERE	  	  
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WHAT	  AND	  WHERE	  	  

Ac+vi+es	   Where	  

Data	  collecEon	  and	  organizaEon	   In	  the	  4	  Regions	  

EvaluaEon	  of	  shallow	  resources
	  	  

Regional	  
Area	  1:	  Calabria	  
Area	  2:	  Campania	  
Area	  3:	  Puglia	  
Area	  4:	  Sicilia	  
Area	  5:	  Puglia	  

EvaluaEon	  of	  deep	  resources	   Regional	  
Area	  6:	  Campania	  
Area	  7:	  Sicilia	  
Area	  8:	  Calabria	  
	  

EvaluaEon	  of	  geothermal	  
potenEal	  

Regional	  and	  in	  the	  8	  areas	  

DisseminaEon	   In	  the	  4	  Regions	  
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TEAM	  

6	  InsEtutes	  workig	  in	  the	  4	  regions	  
•  IAMC	  
•  IREA	  
•  IRSA	  
•  IRPI	  
•  ITAE	  
•  IPCF	  
	  and	  4	  in	  other	  regions,	  providing	  experEse	  
and	  technical	  support	  
•  IGG	  –	  scienEfic	  coordinaEon	  
•  IDPA	  
•  IMAA	  
•  IGAG	  

+ collaborations with INGV, Universities, TNO 
RWTH-Aachen 
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DATA	  COLLECTION	  AND	  ORGANIZATION	  
THE	  NATIONAL	  DATABASE	   "  	  idenEficaEon	  and	  locaEon	  of	  wells	  

and	  springs	  (available)	  
"  	  	  temperature	  and	  depth	  (in	  
progress)	  
"  	  	  temperature	  gradient	  and	  heat	  
flow	  
"  	  	  litho-‐straEgraphic	  column	  of	  the	  
wells	  (in	  progress)	  
"  	  	  characterisEcs	  of	  the	  reservoir	  
"  	  	  well	  producEon	  
"  	  	  chemical,	  physical	  and	  isotopic	  
data	  of	  water	  and	  gas	  
"  	  	  well’s	  technical	  profile	  
"  	  	  correlaEon	  between	  verEcal	  and	  
deviated	  well	  
"  	  	  permeability	  
"  	  	  mineralizaEons	  in	  the	  well	  

Well	  DataBase	  Scheme	  

Spring	  data	  DB	  scheme	  
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Shallow geothermal DB 

DATA	  COLLECTION	  AND	  ORGANIZATION	  
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DATA	  COLLECTION	  AND	  ORGANIZATION	  
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LOCAL	  ASSESSMENT:	  	  
Feasibility	  studies	  

Pre-‐feasibility	  and	  feasibility	  studies,	  economic	  feasibility,	  cogeneraEon,	  hybrid	  
plant	  proposals.	  

Very shallow (heat pumps) 

Shallow evaluation 

Deep evaluation 
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Consiglio Nazionale delle 
Ricerche 

Dipartimento Terra e Ambiente 

Geothermal	  	  
database	  

Choose	  	  
site?	  

Acceptable?	  

Re-‐evaluate?	  

Acceptable?	  

Abandon?	  

Site	  
Character.	  

ExploraEon	  
well	  

yes	  
yes	  

yes	  

no	  
no	  

no	  

no	  

Recognaissance	  

Feasibility	  
prefeasibility	  

LOCAL	  ASSESSMENT:	  	  
Feasibility	  studies	  



Consiglio Nazionale delle Ricerche 
Dipartimento Terra e Ambiente 

LOCAL	  ASSESSMENT:	  	  
Feasibility	  studies	  

Resource	  evaluaEon,	  planning	  of	  plant	  for	  direct	  use	  or	  power	  producEon,	  
which	  includes,	  beside	  the	  design,	  a	  sustainability	  analysis,	  authorizaEon	  
documents,	  economic	  analyses	  
	  
•  Rende:	  close-‐loop	  heat	  pump	  plant	  	  
•  Bari:	  open-‐loop	  heat	  pump	  plant	  
•  Mondragone:	  thermal	  pool	  and	  heaEng	  of	  public	  faciliEes	  
•  Santa	  Cesarea:	  pasta	  process	  heaEng	  
•  Lamezia	  Terme:	  waste	  water	  drying	  plant	  
•  Termini	  Imerese:	  de-‐salinator	  plant	  	  
•  Guardia	  Lombardi:	  Combined	  Heat&Power	  plant	  
•  Mazara	  del	  Vallo:	  district	  heaEng	  
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•  Regional	  assessment	  of	  geothermal	  potenEal	  
•  Regional	  RegulaEon	  and	  authorizaEon	  procedures	  

REGIONAL	  ASSESSMENT	  
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Regional 
geothermal 

potential 
map 

Air 
temperature 

map 

Main acquifer 
map 

Geological 
map 

Permeability 
map 

Well 
stratigraphy 

Hydraulic 
properties 

Reservoir’s top 
map 

Infrastructures, 
Parks, 

Reserves… 
map 

Topographic 
map (DEM) 

REGIONAL	  ASSESSMENT	  
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•  basin layout and sediment-
basement interface depth 
(basin contour, sediment 
thickness 

•  outlinesand thickness of 
granitic-crystalline 
formations  

 
E.g., Top of carbonatic 
platform, structural models 
and maps from various 
authors 
 
Gravimetric and magnetic data 

GEOLOGICAL	  INFORMATION	  
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Hydrogeological	  maps:	  
shallow	  and	  deep	  
hydrogeological	  units	  
	  
They	  open	  lack	  deep	  
characterizaEon	  
	  
ISPRA	  (shallow	  aquifer),	  
universiEes	  (fragmented	  
data),	  Regions,	  interregional	  
bodies	  

HYDROGEOLOGICAL	  INFORMATION	  
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RESTRICTION,	  LIMITATION	  

Protected	  areas:	  various	  sources	  
In	  coordinaEon	  with	  Regions	  
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RESTRICTION,	  LIMITATION	  

Data	  from	  the	  ITHACA	  project	  	  
(ITaly	  HAzard	  from	  CApable	  faults)	  
developed	  by	  ISPRA	  	  
(Italian	  NaEonal	  InsEtute	  for	  
Environmental	  ProtecEon	  and	  Research)	  



Consiglio Nazionale delle Ricerche 
Dipartimento Terra e Ambiente 

SHALLOW	  GEOTHERMAL	  POTENTIAL	  

Temperature	  distribuEon	  at	  surface	  

Air	  temperature	  
data,	  topography,	  
laEtude	  

Thermal	  conducEvity	  distribuEons	  

Geological	  maps,	  
hydraulic	  and	  
straEgraphic	  well	  
data,	  conducEvity	  
from	  literature	  and	  
lab	  analyses	  

Exchange	  energy	  

Ground	  
Temperature,	  
reference	  volume,	  
reference	  plant	  
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(g/cm3) 

SHALLOW	  GEOTHERMAL	  POTENTIAL	  
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SHALLOW	  GEOTHERMAL	  POTENTIAL	  
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Φ 

λ 

Tm 

Tg 

Fourier’s	  Law	  
L	  =	  100	  m	  

Thermal	  energy	  that	  can	  be	  
exchanged	  by	  a	  unit	  volume	  of	  
ground	  for	  a	  reference	  GSHP	  
plant	  

SHALLOW	  GEOTHERMAL	  POTENTIAL	  
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kWh/m2 

SHALLOW	  GEOTHERMAL	  POTENTIAL	  
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VIGOR	  ThermoGIS	  works	  both	  in	  2D	  and	  in	  3D	  	  

•  Data	  input	  is	  the	  result	  of	  a	  team	  of	  specialists:	  geologist,	  hydro-‐
geologist,	  geo-‐chemist,	  geophysicists,	  ...	  

•  Volumetric	  method	  assessment	  
•  Include	  Montecarlo	  calcula+on	  to	  incorporate	  the	  effects	  of	  

uncertainty	  
	  
Output	  maps:	  temperature	  maps	  at	  various	  depth,	  technical	  
potenEal	  for	  power	  and	  heat	  applicaEons	  

VIGOR	  THERMOGIS	  
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It is the maximum theoretically 
extractable heat in the reservoir 
per unit volume (thickness = 100 
m) 
 
H = V x ρrock x cprock x (Tx - Ts) x 
10-15 

Tx = Temperature @ depth 
Ts = Temperature @ surface 
ρrock = 2700 kg/m3 

cprock= 1000 J/kg k 

Heat	  In	  Place	  [PJ/km2]	   
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It	  is	  the	  maximum	  theoreEcally	  
extractable	  heat	  in	  the	  reservoir	  per	  
unit	  volume	  (thickness	  =	  100	  m)	  

Heat	  In	  Place	  [PJ/km2]	   

VIGOR	  THERMOGIS	  
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Theore+cal	  Capacity	  [PJ/km2]	  

H	  is	  the	  maximum	  theoreEcally	  extractable	  
heat	  in	  the	  reservoir	  per	  unit	  volume	  
(thickness	  =	  100	  m)	  

Thermal	  Energy	  produced	  by	  a	  
technology	  per	  unit	  volume	  
(TC=H	  x	  technology	  efficiency)	  

VIGOR	  THERMOGIS	  
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Theore+cal	  and	  Technical	  Poten+al	  	  
[MW/km2]	  	  

Thermal	  Energy	  produced	  by	  a	  technology	  	  
(TC=H	  x	  technology	  efficiency)	  per	  unit	  
volume	  

H	  is	  the	  maximum	  theoreEcally	  extractable	  
heat	  in	  the	  reservoir	  per	  unit	  volume	  
(thickness	  =	  100	  m)	  

Geothermal	  PotenEals	  for	  a	  
lifecycle	  of	  30	  years	  and	  different	  
Recovery	  Factors	  	  
(GP=TC	  x	  R	  /	  30	  years)	  

VIGOR	  THERMOGIS	  
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Economic	  Technical	  Poten+al	  	  
[MW/km2]	  	  

Thermal	  Energy	  produced	  by	  a	  technology	  	  
(TC=H	  x	  technology	  efficiency)	  per	  unit	  
volume	  

H	  is	  the	  maximum	  theoreEcally	  extractable	  
heat	  in	  the	  reservoir	  per	  unit	  volume	  
(thickness	  =	  100	  m)	  

Geothermal	  PotenEals	  for	  a	  lifecycle	  of	  30	  
years	  and	  different	  Recovery	  Factors	  	  
(GP=TC	  x	  R	  /	  30	  years)	  

Technical	  PotenEal	  for	  LCOE	  <	  
threshold	  (200	  €/MWh	  power,	  	  
9	  €/GJ	  heat	  )	  and	  using	  expected	  
flowrate	  from	  a	  doublet	  system	  

VIGOR	  THERMOGIS	  
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Levelized	  Cost	  Of	  Energy	  [LCOE,	  €/MWe,	  €/JG]	  
	  
Calculated	  for	  power,	  district	  heaEng	  and	  direct	  
heat	  uses	  
	  
Depends	  on:	  
•  	  Drilling	  cost	  (depth,	  sEmulaEon,	  pump,	  ...)	  
•  	  Economic	  lifeEme	  
•  	  Flowrate	  &	  temperature	  
•  	  Power	  surface	  faciliEes	  (O&M,	  plant	  

invesEment,	  …)	  
•  Complementary	  electricity/heat	  sales	  	  
•  Economic	  factors	  (inflaEon,	  interest	  rate	  on	  

debit,	  tax)	   Flowrate	  depends	  on	  transmissivity,	  delta	  
pressure	  applied	  at	  reservoir	  level	  and	  viscosity	  	  
	  
Specific	  rouEnes	  redistributes	  the	  permeability	  
according	  to	  Montecarlo	  simulaEon	  
	  
From	  transmissivity	  average	  on	  drilled	  interval,	  
cumulaEve	  probability	  of	  expected	  flowrate	  is	  
considered	  

Power 
product. 

District 
heating 

Direct 
uses 

Tmin	   120 80 45 

T-‐reinject	   80 40 35 
Economic	  
Model	  

power heat heat 

LCOE	  <	   200 €/
MWe 

9 €/GJ 9 €/GJ 
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Match	  Resource	  to	  energy	  demand	  

Thermal	  Energy	  produced	  by	  a	  technology	  	  
(TC=H	  x	  technology	  efficiency)	  per	  unit	  
volume	  

H	  is	  the	  maximum	  theoreEcally	  extractable	  
heat	  in	  the	  reservoir	  per	  unit	  volume	  
(thickness	  =	  100	  m)	  

Geothermal	  PotenEals	  for	  a	  lifecycle	  of	  30	  
years	  and	  different	  Recovery	  Factors	  	  
(GP=TC	  x	  R	  /	  30	  years)	  

Technical	  PotenEal	  for	  LCOE	  <	  threshold	  
and	  expected	  flowrate	  from	  a	  doublet	  
system	  

VIGOR	  THERMOGIS	  
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GEOLOGICAL	  MODELLING	  
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THERMAL	  MODELLING	  
Topography Top of the reservoir 

Temperature 
gradient in 
cover (red) 
and 
reservoir 
(blue) units 

Gradient map in the reservoir 
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VIGOR	  THERMOGIS	  
POWER	  PRODUCTION	  
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VIGOR	  THERMOGIS	  
DISTRICT	  HEATING	  
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DATA	  COLLECTION	  AND	  ORGANIZATION	  
WEBMAPS	  



Consiglio Nazionale delle Ricerche 
Dipartimento Terra e Ambiente 

DATA	  COLLECTION	  AND	  ORGANIZATION	  
WEBMAPS	  



M
ai
n	  
fe
at
ur
es
	  

Poten+al	  recovered	  in	  the	  four	  Regions,	  to	  balance	  the	  four	  
Coverage	  of	  applicaEon	  (direct	  uses	  may	  cover	  wide	  sectors	  of	  the	  
territory,	  creaEng	  the	  required	  wide	  involvement	  in	  terms	  of	  
occupaEon,	  market,	  business)	  
Ø  Complete	  system	  approach	  (from	  data	  to	  regula+on	  to	  

feasibility);	  

Ø  CooperaEon	  (Ministry-‐CNR	  and	  then	  CNR-‐research	  ins+tutes	  and	  
universi+es);	  

Ø  Project	  management	  quality	  (integrated	  approach	  environment/
territories/technologies);	  

Ø  PromoEon	  of	  local	  uses,	  by	  comprehensive	  presenta+on	  of	  
opportuni+es;	  

Ø  IdenEficaEon	  of	  proper	  financial	  opportuniEes,	  from	  incen+ves	  to	  
financial	  support.	  

 



It	  provides	  an	  update	  of	  resource	  
Atlas	  as	  defined	  on	  1992,	  	  
and	  includes	  assessment	  down	  to	  
10	  km,	  also	  for	  UGR.	  

ATLAS	  of	  convenEonal	  and	  
unconvenEonal	  geothermal	  	  resources	  

	  in	  the	  italian	  southern	  regions	  

GEOTHERMAL	  	  ATLAS	  	  



GEOTHERMAL	  	  ATLAS	   

Atlas of GS, EGS and UGS, similar 
to those provided in other 
countries,  

Realization of Data Centers 

Evaluation of environmental issues 
and ways of reduction 

Information, promotion and 
training 

 



GEOTHERMAL	  	  ATLAS	   

Atlas of GS, EGS and UGS, taking 
into consideration those provided 
in other countries,  

Realization of Data Centers 

Evaluation of environmental issues 
and ways of reduction 

Information, promotion and 
training 

 

Power	  producEon	  

§  EGS;	  	  
§ Geopressurized	  systems;	  
§ Magma/c	  systems;	  
§  Supercri/cal	  fluid	  condi/ons	  	  
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HEAT	  FLOW	  MAP	  mW/m2	  

In-‐hole	  depth	  (m)	  
having	  	  T>110°C	  

•  Data	  collecEon	  and	  organizaEon	  
•  Extensive	  review	  of	  well	  temperature	  data,	  underground	  hydraulic	  condiEons	  
•  Thermal	  modelling	  of	  the	  underground,	  down	  to	  10	  km	  
•  Thermal	  conducEvity	  lab	  measurement	  
•  3D	  modelling	  of	  deep	  geological	  main	  structures	  
•  Web	  mapping	  faciliEes	  
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�  Local feasibility studies 

�  Technical and economical 
evaluation 

�  Regulatory aspects 

�  Regional geothermal potential 
maps 

�  Dissemination of VIGOR results 
and conventional uses of 
geothermal energy 

�  Environmental aspects 

�  Regional maps of thermal springs, 
hydrothermal resources, 
temperature distribution at depth 

�  Regional favorability maps 

�  Dissemination and promotion of 
geothermal energy for power 
production, UGR and EGS 

Atlante	  



Geothermal	  Energy	  
TOWARD THE FUTURE 



     REQUIREMENTS 
A comprehensive identification of 

resources and opportunities, as well as 
an accessible collection of data and 

information 

A clear and easy to follow regulation for 
authorizations in the exploration, drilling 
and exploitation phases of the project 

The promotion and dissemination of 
technology, values, economics 

Research and technological development 



PoliEcal	  challenges	  	  
to invest in data collection, providing the funding for 
an extensive exploration of the underground in areas 
where data are few and/or potential is high 
 
to face the risk of the first exploratory well / 
insurance  



Technical	  challenge	  	  
to create the systems and technologies that will 
streamline and optimize the sophisticated and 
complex workflow of a geothermal project  
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Engineered	  Geothermal	  Systems	  (EGS)	  technology:	  
advancements	  in	  exploraEon,	  drilling,	  sEmulaEon,	  management	  
requires	  many	  research&demonstraEon	  projects	  
	  
Unconven+onal	  Geothermal	  Systems	  (UGS)	  technology:	  	  
emerging	  acEviEes	  to	  harness	  energy	  from	  nowadays	  non-‐
economic	  reservoir	  would	  make	  significant	  progress	  with	  qualified	  
input	  from	  research.	  in	  parEcular,	  reservoirs	  with	  supercri(cal	  
fluids	  (fluids	  in	  the	  thermodynamic	  area	  above	  the	  criEcal	  
temperature	  and	  pressure)	  and	  geopressurized	  reservoirs	  (deep	  
sedimentary	  basins	  where	  fluids	  show	  high	  pressure	  and	  are	  rich	  
of	  chemical	  elements	  or	  gases).	  This	  includes,	  beside	  peculiar	  
power	  conversion	  and	  reservoir	  technology,	  also	  	  OperaEon	  &	  
Maintenance	  techniques	  in	  aggressive	  geothermal	  environments,	  
since	  they	  require	  specific	  soluEons	  for	  corrosion	  and	  scaling	  
problems.	  It	  will	  lead	  to	  an	  overall	  increase	  in	  power	  produc(on	  



LogisEcal	  and	  organizaEonal	  challenge	  	  
to create the units and the processes within the 
geothermal community  



Jigokudani	  Hot	  Springs	  –	  Giappone	  

 
enjoy 

And then ... 


