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An introduction:
the Dutch geothermal family

EGS Geothermie WKO

1. Ground Source Heat Pumps (GSHP)
Horizontal or vertical (< 100 m)
limited power <100 kWt
1000s installed, individual houses

2. Heat cold storage (WKO):
“shallow” aquifers: up to 250 m depth. T=5-30°C
power 0.1 - 10 MW,
ca 700 installed, offices mainly

3. ‘Deep’ geothermal energy — direct use
doublets, depths from ~1000m
Temperature from ~40°C
2 installed, 3 drilled in 2010

4. ‘Ultra-deep’ Geothermal energy - power
Enhanced Geothermal Systems (EGS)/
Hot Dry Rock (HDR)
depths from ~3500 m,
Temperatures from ~100°C
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Market interest and needs

Interest is boomingQ:

Currently over 80 permits granted by
the Ministry of Economic affairs

Market needs
- Geological properties and uncertainties

*Independent analysis and information

* Overview potential areas and ‘hot spots’
» Performance assessment

* Economic feasibility

* Quickscan

» Control; Second opinion

>
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Why ThermoGIS?

ThermoGIS is developed to:

answer to those market needs and
stimulate the use of geothermal energy in the Netherlands

Basic information for geothermal needed
Geothermal reservoirs depth and thickness lacking
Reservoir properties lacking (kH, T)
For users outside oil and gas

Effective use of oil and gas information crucial



Dutch database: over 50 billion Euro of data

& _ Well & Seismic Data

|| Wells: 5876 (onshore/offshore)

Seismic: 72.000 km (2D+3D lines)
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Doublet performance

E [MWth] = Q*AT * Cs

Flow-rate Q

Permeability X thickness

N/

Q=Ap 27kH Ap generated by pumps
L Which consume electricity
I, Ap Is restricted by safety
/' measures
Viscosity distance Ap at surface does not linearly lead to
Higher flow rates (friction in tubeg)
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Sensitivity to transmissivity (kH)

Doublet Power [MWth]
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ThermoGIS™-project

Comprehends:

3D mapping reservoirs (aquifers)
Depth
Thickness
Porosity
Permeability
Uncertainties
Transmissivity (permeability x thickness)
Compute potential energy

Development ThermoGIS application
Visualisation map
Performance assessment tool
Economic assessment tool
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Potential

Aquifers with geothermal potential in the Netherlands
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Example of permeability mapping and uncertainties
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ThermoGIS™ . opening screen
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= ThermoGIS Client FX
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ThermoGIS™ — Geological properties

cross section viewer FX
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ThermoGIS™ — performance assessment module

Geotechnics (Input) Geotechnics (Output)
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aquifer gross thickness (m) :
= EY Double < ato Probab [l
aquifer net to gross (=)
aquier penmeabity (mD) geothermal power (WD e
aquiter top of production (m)
anuifer top of injection (mj) =
[ aguifer pressure production (bar) | = '%
= L
[ aquifer pressure injection (bar) | 100% + 5

1 1
surface temperature ("C) a0% ' @ro0 551 :
geothermal gradient (“Cim) l "—"--._._\“L

1
aquifer salinity (pprm) 80% i i

1 1
production well deviation () .. : : \

o T t
injection well deviation {m) i i \
well distance at aguifer level (m) g 60% i i \

1 1 .
tubing inner diameter {inch) E‘ 50 ! ! P50:13.21
well outer diameter (inch) 2 i i

£ 40%
tubing roughness (milli-inch) o ! ! \

a
skin production - 30% i i
skin injection ) : : \

20% i i
production pump depth (m) | | ‘\
= H ! P10: 1586

pump efficizncy ) 10% : :
pump pressure difference (bar 0% i .
injection temperature (*C) -1.0 1.0 30 50 7.0 9.0 11.0 13.0 15.0 17.0
nurmtrer of simulation runs () geothermal power (MW)




ThermoGIS™ — Economical assessment module

[ time series plots H stochastic plots l
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ThermoGIS - Potential energy maps
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Heat production: from theoretical to practical capacity

2015 ?
MRH Matched to demand

RH:

4 Recoverable _
Heat Economically recoverable

1078 x10° Sm?

S <
today 38 x 103 PJ for greenhouses \
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Recoverable Heat
1/3 y (Tres —Tin) h 10° Technically recoverable

176 x 103 PJ for greenhouses
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Scope for Electricity production (EGS)

Natural seismicity & ECRIS
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Temperatuur (°C)
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Temperature @ 2 km Deeper/lateral

Requires better
models
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Under construction: Temperature Model |
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http://engine.brgm.fr/DecisionSupportSystem.asp

Conclusions

Oil and gas data excellent stepping stone for geothermal exploration
Strong diversity of stakeholders in geothermal

ThermoGIS
Mapping and compilation tailored to stakeholders questions
Dedicated information extraction and performance assessment tools

Freeware

Expected realisation 30-70x10° PJ - 150PJ/y for 100s of years
Expected realisation electricity = 100s MWe — 3GWe

2020-2030: 1-3% CO2 reduction, mostly by direct use of heat
2050: 10% CO2 reduction including EGS
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