Geothermal energy in the Netherlands

Growth of geothermal energy in Europe

The top 10 fastest growing geothermal markets within the Eurcpean Union
and Turkey. Shown in average yearly growth-rate of geothermal output since
2011. Source: Eurostat
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Introduction

« Nick Buik, reservoir engineer at IF Technology in Arnhem
« |F Technology is a consultancy company in Arnhem:
« Renewable energy in which the subsurface and/or ground(water) plays a role
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Overzicht bodemenergiesystemen
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Geothermal Energy in the Netherlands

Guide to Iceland
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Geothermal Energy in the Netherlands
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Where does the heat come from

Core temperature: 2,000-12,000°C
1) heat from when the planet formed and
accreted, which has not yet been lost;

2) frictional heating, caused by denser core
material sinking to the centre of the planet;

3) heat from the decay of radioactive
elements.

" Heat fransport ‘
- mechanism |

l?‘ Advection

P
Convection

o

" Conduction

Outer 6 km: )
50.000 times the energy of the worlds total S
amount of oil and gas
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Heat Flow
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The crustal structure beneath The Netherlands derived from ambient seismic
noise

I Tedi Yudistira™”, Hanneke Paulssen™ , Jeannot Trampert® _
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Figure 5.1: Heat-flow density map in m\W/m® of the Netherlands. The dots are the data points (based on data of I
Hurter and Haenel, 2002; Hurtig et al., 1992).




Geothermal Gradient

Temperature (°C)
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Geothermal wells

Warmtewisselaar

= r0km

L3
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Pumping depth
Shoe depth

Inclination

Kick-off point (KOP)

End of Built (EOB)

Diameters

Nr. [ltem Description Wellhead and X-mas tree Depth Depth Hole ID Pipe OD Pipe ID
HAG-GT-03 : : :
m m in in in
D fromNAP (Producer)
GL=NAP+22m ™D AH
1 |26" welded conductor / stove pipe 60 60 26,000 25,000
13-3/8", GRE-Lined, Premium 13,375 11,750
7-5/8", coated, Premium 700 700 - 7625 6,875
10-3/8" ESP
Liner hanger 13Cr 18-5/8"x 13-3/8" + packer 1050 1050
2 |18-5/8", Non-premium 1150 1150 24,000 18625 17,7535
Kick-off Point 1 1610 1610
Endofbuiid 1to45° 2124 2180
13-3/8", GRE-Lined, Premium
X-over 13-3/8" GRE-lined x 13-3/8" CRA 2195 2281 13,375 11,750
2280 2401 Top Perorations
Optional: CRA tubing perforated with optional
internal WWS
2409 2584 Bottom perforations
3 |13-3/8", CRA, Premium 2441 2629 16,000 13375 12415
*Notin scale.
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Geothermal systems in the Netherlands

Geologische tijdtabel

met stratigrafische kolom van Nederland
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Geological cross section
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Suitable layers in the Netherlands

Rotliegend sandstones (Slochteren)

Triassic sandstones

Lower Cretaceous and Upper Jurassic sandstones

Tertiary sandstones

- Rotlegend sandstones - Lower Cretaceous & Upper Jurassic sandstones

Triassic sandstones Tertiary sandstones

Pluymaekers et al. (2012)
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Geothermal contribution to renewable energies (2017)
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Status 2018

Van 2006 tot 2017 3.0 PJ

Geothermie in 2018

20 3
doubletten 4,5%

van de totale
1 8 warmtevraag in de

glastuinbouw
in productie

nieuwe doubletten (. ,
| - m Jpp—
o L X |

P 4

3,64 pr) 19,59%

aardwarmte meerdanin 2017
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Huidige benutting geothermie (2018)
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Drilling Rigs

Nature’s Heat, Kwintsheul

Bron a;‘beeldingen: website Platform Geothermie

o QA A

Haagse Aardwarmte Leyweg, Den Haag

Koekoekspolder
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Preparations

Koekoekspolder
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Voorbeelden winningsfase

(© GuidoJ-Van Den Elshout =
Haagse Aardwarmte Leyweg, Den Haag
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Bron afbeeldingen: website Nature’s Heat



d d hd Figuur 3: Aardwarmte kan 5% van de totale warmtevraag in 2030 bijdragen en 22% in 2050
in respectievelijke sectoren, in PJ

XX = Aandeel aardwarmte in
sector warmtevraag %

Ambitie aardwarmte geformuleerd in rapport “Masterplan Aardwarmte in Nederland” D D %’
El ©
Warmtevraag neemt af van 960 PJ in 2018 naar 870 Pj in 2050 (door efficientie,
isolatie en verwachte afname bevolkingsgroei).
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De verwachting is dat het aantal aardwarmte systemen dat per jaar gerealiseerd % 2018 17 P\{
wordt (~2/jaar) significant moet toenemen om ambitie te halen. ) T e
£ - 1000 z
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Realization in Practice

e conventional
Heat load curve green house _ ]
Equal investment .-~ Slope depends on gas use
Q--I-J /,,/,/z
Geothermal < Slope depends on E use
™ Doublet \
month Pay out time, usually 15 years
Capacity (m3/h) of a doublet defines Pt [MW] g?esd
boiler >
time
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Kentallen Geothermie

Meeste doubletten produceren 7 tot 15 MW aan warmte (gemiddeld 10 MW)
Temperatuur 70 tot 80 °C

Gemiddeld systeem bespaard ongeveer 7.000.000 m3 aardgas

Investering 10 tot 15 Meuro ( ~ 1 Meuro/MW)

> 1000 huizen
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How to determine thermal Power a doublet

Thermisch vermogen

Ontwerp _——<__ Pt =q * dT * factor

A Temperatuur

Retourtemperatuur

==
T

Geologie

Gemiddelde Porositeit/
gemiddelde
permeabiliteit

Geothermische
gradient

Porositeit/
permeabiliteit
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( ore data Scale : 1: 500 STW-01
DB: IF_Briele (8) DEPTH (2524.96M - 2604.97M) 07/23/2009 14:57
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Uncertainties reservoir quality

S AR RS,

_LZ_. >

« Core data best part of reservoir (data is biased) ;:;155""192‘ QAN
Sweert

e Core data must be upscaled ;

« Translation from porosity to permeability

Translation to project location

Core data from oil and gas wells
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Induced Seismicity
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Normal stress and shear stress

a. Normal Fault Sy
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Principle of inducing seismicity
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seismicity. a) hot sedimentary aquifer and

EGS, b) geothermal fields.

indicate cases, see Table 1.
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