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Figure 1: Global development installed capacity geothermal power (MW )
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Source: Bertani, 2010.
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Figure 2: World resource map of convective hydrothermal reservoirs
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Naote: Convective hydrothermal reservoirs are shown as light grey areas, including heat flow and tectonic plates boundaries.

Source: Background figure from (Hamza et ol., 2008), adjustments from (IPCC, forthcoming).
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Figure 3: World map of deep aquifer systems
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Note: World map of deep aquifer systems modified from (Penwell, 1984), Overlain are expected average production temperatures for a
depth Interval starting at excess temperatures of £0°C relative to surface, and ranging to a maximum depth of 2 km, The map is based en
heat flow data from Artemieva {2008} and sediment thickness information from Laske and Martens (1997}, Local performance strongly
depends on natural heat flow conditions and surface temperature.
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Figure 4: An enhanced geothermal system in pictures

1. Injection well

An injection well is drilled into hot basement rock
that has limited permeability and fluid content.

All of this activity occurs considerably below water
tables and at depths greater than 1.5 kilometre.
This particular type of geothermal reservoir
represents and enormous potential energy
Tesource,

2. Injecting water

Water is injected at sufficient pressure to ensure
fracturing or open existing fractures within the
developing reservoir and hot basement rock.

3. Hydro-fracture

Pu'mping of water is' cn'ntiﬂue'd to extend fractures
and reopen qr}d frﬂttures some d:stance from the
mjectmn wellbore and lhmughout the developing
reservoir and hot basement rock. This is a crucial
step in the EGS process.

4. Production

A production well is drilled with the intent to’
intersect the stimulated fracture system created
in the previous step and circulate water to extract
the heat from the basement rock with improved
permeability. E '

5. Additional production

Additional production wells are drilled to extract
heat from large volumes of hot basement rock

to meet power generation requirements. Now a
premnusiy unused but large energy resource is
available for clean, geothermal power generation..

Sohrme;ﬂfl;n of Energy Efﬁdlnc; and-hmwiblr.-Emgy{EEiE} » US Department of Emrg;.
ERERETRIZBI LT, Figure 2. Figured X 572U —)L K~ v 71X 721FE

L72\, Figure 5 (%, EGS CTOF|HAIREM: 2 R~ KENO @A K& R~ »~ 7T
b5,
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Figure 5: Geothermal resources in the United States,
including favourability of EGS

® |dentified
hydrothermal
site (290°C)

Favourability of deep EGS
I Most favourable

Least favourable [ N/A* No data**

Source: NREL.

Map does not include shallow EGS resources located near hydrothermal sites or US Geological Survey assessment of undiscovered
hydrothermal resources.

Source data for deep EGS includes temperature at depth from 3 to 10 km provided by Southern Methodist University Ceothermal
Laboratory and analyses (for regions with temperatures = 150°C) performed by NREL.

Source data for identified hydrothermal sites from US Geological Survey assessment of Moderate- and High-temperature Geothermal
Resources of the United States (2008).

N/A*® regions have temperatures less than 150°C at 10 km depth and were not assessed for deep EGS potential.

No data**: Temperature at depth data for deep EGS in Alaska and Hawaii not available.
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Figure 6: Production costs of geothermal electricity (USD/MWh )

Low temperature (hydrothermal) binary plants -

High temperature (hydrothermal) flash plants -
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Note: Assumptions calculation included in Appendix 1.
Source for binary plants and flash plants: IEA analysis.
Sources for EGS estimates: MIT, 2006; and Huenges and Frick, 2010.

Figure 7: Production costs of geothermal heat use (USD/MWh)
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MNote: Assumptions calculation included in Appendix I.

Source: |EA analysis.
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Figure 8: Roadmap vision of geothermal power production by region (TWh/y)
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Figure 9: Growth of geothermal power capacities by technology (GW)
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Figure 10: CO, emission reductions from geothermal electricity by 2050
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Figure 11: Roadmap vision of direct use of geothermal heat by region,
excluding ground source heat pumps (EJ/y)
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Figure 12: Range of reduction of average levelised costs of electricity
production in hydrothermal flash plants and binary plants
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Note: Assumptions: interest rate 10%, technical lifetime 35 years, O&M costs 2.5%
Source: IEA analysis.
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Figure 13: Underground temperature in Germany at 2 500 m below sea level
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The German Geothermal
Information System is a public,
Internet-based atlas that provides
information and data compilations
on deep aquifers relevant for
geothermal exploitation in
Germany. Based on hydrocarbon
exploration data, hydraulic data
and geophysical recordings, as well
as geological maps and seismic
surveys, the system helps to identify
geothermal potentials by visualising
temperature, hydraulic properties
and depth levels of relevant
stratigraphic units. GeotlS cannot
replace local feasibility studies, but
serves as a useful tool to minimise
exploration risk and improve the
quality of geothermal project
planning (GeotlS, www.geotis.de ).
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Figure 15: Public RD&D budget for geothermal energy, 2006-09 average
(million USD per capita)
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Figure 17: Indication of IPCC SSREN projection of global geothermal heat

produced by ground source heat pumps up to 2050
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