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World Status
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Growing Trend

An increase of about 
800 MW in the three year term 
2005-2007 has been achieved, 
following the rough standard 
linear trend of approximately 
200/250 MW per year

The geothermal electricity installed 
capacity is approaching the 

10,000 MW threshold, which can 
be reached before the next 
WGC2010 in Indonesia. 

Installed Capacity Wordlwide
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9,69,38,98,68,48,17,9
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+3%

Growth has been very slow …

Installed capacity in GWe
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BUT…

Installed Capacity
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Year 
Installed  
Capacity 

MW 
1950 200 
1955 270 
1960 386 
1965 520 
1970 720 
1975 1,180 
1980 2,110 
1985 4,764 
1990 5,834 
1995 6,833 
2000 7,972 
2005 8,933 
2010 10,520 
2015 16,000 
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World Forecasting 2010

 

Japan 
535 MW 

Russia 
82 MW 

Philippines 
1973 MW 

Indonesia 
1197 MW 

New 
Zealand 
628 MW 

USA 
2883 MW 

Costa Rica 
166 MW 

Kenya 
129 MW 

Iceland 
573 MW 

Italy 
843 MW 

Turkey 
74 MW 

Portugal 
28 MW 

Ethiopia 
7,3 MW 

France   
16 MW 

China 
24 MW 

Mexico 
958 MW 

Australia 
1,1 MW 

Austria 
1,4 MW 

Germany 
6,6 MW 

El Salvador 
204 MW 

Guatemala 
52 MW 

Nicaragua 
88 MW 

Papua 
New Guinea 
56 MW 

Thailand 
0,3 MW 

 



7GEOTHERMAL ENERGY DEVELOPMENT: Opportunities and Challenges Bertani, 2009

New frontiers?



8GEOTHERMAL ENERGY DEVELOPMENT: Opportunities and Challenges Bertani, 2009

Flash steam power plants 
tap into reservoirs of water with 
temperatures greater than 182ºC. 
As it flows, the fluid pressure 
decreases and some of the hot 

water boils or "flashes" into steam. 
The steam is then separated at the 
surface and is used to power a 

turbine/generator unit

�Flash steam power plants

Dry steam plants
use hydrothermal fluids that are 
primarily steam. The steam goes 
directly to a turbine, which drives a 
generator that produces electricity. 

�Dry steam power plants

Binary cycle power plants
operate on water at lower 

temperatures of about 107-182ºC. 
These plants use the heat from the 
geothermal water to boil a working 
fluid, usually an organic compound 

with a low boiling point. 

�Binary cycle power plants

Global 
Installed 
capacity 
2007

Units

Capacity
��GW)

58

2.6

237

0.8

Highly cost competitive 
but geographically limited

Most dominant in terms of 
global capacity

Useful alongside geothermal 
heating, hot springs, etc

195

5.6

Average 
size
�MW)

~45 ~29 ~3

Conventional Technologies
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It’s difficult to estimate the overall 
world-wide potential, 

due to the presence of too many 
uncertainties. 

Nevertheless, it is possible to 
identify a range of estimations, 
taking into consideration also the 

possibility 
of new technologies:

• permeability enhancements
• drilling improvements
• enhanced geothermal system
• supercritical fluid.

Standard: 70 GW 
Improved: 140 GW

It is possible to produce up 
8.3% of total world electricity production, 

serving 17% of world population. 

39 countries (located mostly in 
Africa, Central/South America, Pacific) 
can be 100% geothermal powered.

World Forecasting
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138

72

16

Existing 

and 

currently 

planned

IGA

IGA

300-400MIT

2,000ISOR

Conventional

Enhanced 
geotherma
l systems 
(EGS)

Total global potential (electricity)

Consensus that 
conventional is 
limited to ~ 

70GW

Conservative 
estimate that EGS 

will double 
potential
geothermal

However, also 
huge variance
on expected size of 

potential

Source

Forecasted capacity

GW

x2 x5 x28

MIT sees a 100 GW EGS in 
the U.S. alone as realistic

EGS
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Statistical analysis: 
lognormal distribution of 
the underground heat, 
wit 99% probability of 
having 10 MW and using 
the MIT assumption on 
potential scaled on world 

basis for P10.  

For year 2050 the 
exploitation of at least 
additional 70 GWe from 
EGS, which could be 
possible with 15%

probability of exploiting 
the world average 

weighted EGS potential

(but within the condition 
of the success of the 
medium/long term 

experimentation of the 
present EGS pilot 

plants). 

World Forecasting
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Long-Term Forecasting of 

Electricity Production 
Installed Capacity
Capacity factor
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It is expected that the next generation 
will see the implementation of 

Enhanced Geothermal System
(EGS) and an intensive increase in 
low-to-medium temperature 

applications through binary cycles
and cascade utilisations, expanding 
its availability on a worldwide basis
Geothermal energy is not so 
considerable, but its base-load 

capability is a very important factor 
for its success. 

World Forecasting



13GEOTHERMAL ENERGY DEVELOPMENT: Opportunities and Challenges Bertani, 2009

World Forecasting
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Geothermal in the Third Millennium

1082228TOTAL

6122Other

10,2GMK

10,4UTC Power

12Elliot

33Turboden

24Siemens

19Enex

210Harbin

133Toshiba

256General Electric

657Kaluga Turbine Works

667Mafi Trench

7120Alstom

8164Nuovo Pignone

9474Fuji

37534Ormat

15572Mitsubishi

UnitsMWManufacturer
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Geothermal in the Third Millennium

It is noticeable the very 
strong importance of 
the Japanese 

manufacturer, whereas 
the geothermal 

development in that 
country is still stuck due 
to lack of supporting 
measures for the new 
field deep investigation 
phases, as in the recent 
past when NEDO or 
other public bodies will 
be actively present in 
the applied research on 
geothermal energy and 
the lack of incentives 
for the renewable 
energy sources. 

Considering as a single category the Binary, Binary 
Kalina and Ormat Combined Cycle, they will account for 
30% of the capacity and 5’% of the units, whereas the 
Single Flash, Double Flash and Back Pressure reach 60% 

of the capacity and 40% of the units.
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Conven-
tional
tech-

nologies

Conven-
tional
tech-

nologies

Break-
through 
tech-

nologies

Break-
through 
tech-

nologies

Past 5-10 
years

Medium term 
outlook 5-10 

years

Long-term 
outlook 10+ 

years

Binary cycle

EGS
(Pilot project in 
France)

� Today
� Rationale 

– Mostly proven and cost-
effective technologies

– Incremental plant 
technological advances going 
forward

– Binary only as an ancillary
application due to infancy stage 
of technological development 
(i.e., higher costs)

– Binary proven to be a self-
standing technology, 
increasing overall installable 
potential

– Economics not yet in line with 
steam technologies (dry and 
flash), expected to improve 
in the long term

– Technology still in 
“development” phase

– Under certain technological 
development outlook (i.e., 
fast decrease in technology 
costs), expected to increase 
installable potential

– To be addressed current issues 
of seismic complications and 
poor replicability across sites

Binary cycle 
(~1 GW of 

capacity today)

– Dry steam (~3 GW of capacity today)

– Flash steam (~6 GW of capacity today)

Forecasting
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EUR million, based on a 20 MW plant

Capital cost per MW ranging between 
4 and 6 million EUR

30

1-2

Site scouting 
and geophysical 
exploration 

20-30

Exploratory 
drilling

Drilling

50-60

Field 
development

30-60

Power plant 
construction

80-120

Total 
expenses

– Upfront costs for exploration

– Exposure to risk of failure (i.e., site not 
sufficiently attractive for development)

CAPEX Implications
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3,000Wind off-shore

5,000Geothermal

4,700Rooftop PV

3,690Wave tidal

2,150Solar CSP

1,540Nuclear

1,400Wind on-shore

1,150Biomass

1,150Small hydro

1,100Coal

Capital cost

2007, EUR/KW installed

~12,000EGS

~6,300Binary

~5,000Flash steam

~4,000Dry steam

…and do not yet compare well to non-
renewable technologies

Costs for geothermal are site specific and 
differ by technology…

Capital cost is highly dependent 
upon drilling

•The number of geothermal 
wells required (mass-flow rate)

•The depth of drilling
(temperature required)

Capital cost

2007, EUR/KW installed

Geothermal 
generation capital 

costs

–Are large and 
highly dependent 
upon the specific 
site and 
technology

–Require a greater 
investment than all 
other renewable 
and conventional 
technologies

CAPEX Implications
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2007 Energy cost EUR/MWh

350Rooftop PV 

250Solar CSP 

122Wave/tidal

110Wind off-shore 

60-90Geothermal

70-80Biomass

70-80Wind on-shore 

45-55Small hydro 

75-80CCGT

Capacity factor

Percent

17Rooftop PV

24Solar CSP

60Wave tidal

35Wind off-shore

80Biomass

27Wind on-shore

35Small hydro

>90Geothermal

CAPEX Implications

Among the 
renewable, 
geothermal 

energy is best 
suited for 
base load 
capacity, 
having

•High capacity 
factors
•Low full 
generation 
costs
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NOT EXHAUSTIVE

Sites: 3

Capacity: 390 MW

Sites: 5

Capacity:1,930 MW

Sites: 4

Capacity:1,341 MW

Sites: 6

Capacity: 362 MW
Sites: 6

Capacity: 353 MW

Sites: 13

Capacity: 1,200 MW

Sites: 2

Capacity:953 MW

Sites: 12

Capacity: 430 MW

Geothermally 
active 
regions

Industry Implications

Sites: 5

Capacity: 900 MW
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Comparison of drilling costs (indexed) to crude oil and natural gas prices

–Historically, 
significant 
correlation 
between drilling 
cost and crude 
oil prices

–Current 
scenario of low 
crude oil prices, 
offers attractive 
opportunities to:

•Scale up 
drilling plans

•Investigate 
partnerships 
with drilling 
players at 
attractive 
conditions

– Higher crude oil prices 
resulted in increased oil 
and gas exploration and 
drilling activity, leading 
to shortage of drilling rig

– By simple supply-demand 
dynamics, shortage led to 
an increase in costs of rig 
rental and drilling 
equipments

Drilling
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Current oil/gas drilling technologies 
adaptable to geothermal

Revolutionary new drilling techniques

– Expandable tubular casings: Shell 
technology which allows for in situ plastic 
deformation of tubular casing

– Under-reamers: provides cementing 
clearance for casing strings

– Low clearance casing design: accepts 
lower clearance to use expandable tubulars
(under-reamer may be required)

– Drilling with casing: permits longer 
casing intervals and thus results in fewer 
strings

– Multilateral completions/stimulating 
through sidetracks and laterals: 
sequentially stimulation of geothermal 
reservoirs

– Well-design variations: extended length 
of casing intervals will reduce number of 
casing strings 

– Projectile drilling: projecting steel balls 
at high velocity using pressurized water to 
fracture and remove the rock

– Spallation drilling: uses high-
temperature flames to rapidly heat rock 
surface and causing it to fracture

– Laser drilling: uses laser pulses to rapidly 
heat rock surface and causing it to fracture

– Chemical drilling: involves use of strong 
acids to break down the rock; may be used 
in conjunction with conventional drilling 
techniques 

– Impact of adaptation of current drilling technologies may be less 
significant than lower drilling cost driven by oil sector dynamics

– Effect of revolutionary drilling could instead by significant

Drilling
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Drilling Cost Distribution

Well Supvs .
1%

Drills ite
8%

Drill R ig
36%

Tes ting
2%

Sampling
4%

Cas ing Run.
3%

DH To o ls
5%

Wellhead
3%

Lo gging
2%

Mud Eng.
11%

Dir.Drlg.
1%

Cementing
5%

Ro ck Bits
3%

Tubula rs
13%

Co mple tio n
3%
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Drilling Costs –
Actual and Predicted

NB –normalization  to 2004 $ 
using MIT drilling cost  index 

Drilling Cost
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~60Dry Steam

~70Flash

~90Binary

172-200EGS

92

92

82

Capacity 
factor

Percent

4,000

6,300

12,000

Installed 
costs

€/kW

Electricity generation cost

€/MWh

Main assumptions

924,800

EGS



26GEOTHERMAL ENERGY DEVELOPMENT: Opportunities and Challenges Bertani, 2009

Conclusion 

•Total geothermal electricity is 
reaching the value of 9,7 GW in 24 
countries, with 800 MW of increase 
since 2005; the forecasting for 2010 
is about 11 GW.
•Geothermal energy is not widely 
diffuse, but its base-load capability 
and its high availability are key 
elements for its penetration into the 
energy market
•Binary plant technology is playing a 
very important role in the modern 
geothermal electricity market. 
•The possibility of production from 
enhanced geothermal  systems 
(to be considered as a possible 
future developments) can expand its 
availability on a worldwide basis.

The maximum reduction of CO2 will 
be 1000-500 million of tons for 
electricity and 200 million tons for 

direct utilizations


