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Heat Potential of Deep Geothermal Energy in Germany

Hydrothermal Aquifers (1%): 25 EJ (without HP) 50 EJ (with HP)
Cristalline (95%): 1600 EJ (without HP) 2800 EJ (with HP)
Faultzones (4%): 60 EJ (without HP) 110 EJ (with HP)

Germany in total without NRW: 1685 EJ (without HP) 960 EJ (with HP)

Jahrlicher Warmebedarf 2013: 6.3 EJ oder 1.750 TWh
Ziel bis 2050: ca. 3 EJ oder 850 TWh (95 % CO2-Reduktion)

Quelle: T. Jung et al.(2002); TAB Bericht an den Deutschen Bundestag 2003
BMWi 17.12.2014
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District Heating Potential of Deep Geothermal Energy in Germany

Temperatures
in 3.500 m Depth

-3500 m NN

Quelle: LIAG, Leibniz-Institut fiir Angewandte Geophysik,
Stand Dezember 2013
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District Heating Grids in Areas of Hydrothermal

Reservoirs
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Quelle: Fernwarmenetze in Gebieten zur Nutzung
hydrothermaler Geothermie (IFEU (Kartengrundlage aus
Wauppertal Institut, DLR, IE (2007) und Kayser, Kaltschmitt
(1998)) aus TRAFO, S. 81

Petrothermal Potential
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District heating systems in Europe according to the
current content of the HUDHC database (June 2012)

Source of map:
Persson et al. (2012) - HUDC Database 2012
/The Halmstad University District Heating and Cooling Database/




Geothermal Energy is the Best Alternative
to Coal — Power - Stations

Treibhausgasemissionen in Coz—ﬁaq [g/kWh]
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Energy Transition must also be Heat Transition

= 54 % of the total energy consumption is heat: 2017 ca.1250 TWh
= 50% of the thermal energy is required for heating of buildings
= without geothermal energy, heat transition is not feasible

= geothermal energy is the only renewable energy that is not dependent on climate, weather and
time

= Germany's fossil fuel imports cost almost 60 billion € in 2015, or around 6 % of total imports in value
terms. Despite the expansion of renewable energies on the electricity market, Germany's
dependence on energy imports remains constant at 70 percent.

But there exists no masterplan for a renewable heat transition in Germany as well as
no masterplan for the use of geothermal energy
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The Multiple Use of Geothermal Underground

/ e . Potential applications 29
3 ) of geothermal energy | ‘/

deep borehole
' heat exchanger

S N
system: | closed, heat pump
depth: | 400-3000 m zyd ‘t—)?élgerma !
/ temperature: | 20-60 °C ’ ou
capacity: | 100-350 kW heat system: | open, submersible pump
shallow borehole application: | office building, industry ! depth: | 1000-4500 m
(heating/cooling) temperature: | 40-150°C
heat exchanger capacity: | ~25 MW heat
b system: | closed, heat pump 2 2.5 MW power
. deﬂ’;‘}“ | borehole heat thermal water borehole application: | district heating, power
emperature: — = )
capacity: | @ 8 kW heat exchanger field system: | open, submersible pump petrothermal
application: | residential building system: | closed, heat pump depth: | 100-3000 m doublet
(heating/cooling) depth: | @ 100 m temperature: | 20-100 °C ouble
temperature: | 10-15°C capacity: | 0.02-4 MW heat system: | open, submersible pump
capacity: | 100 kW bis > 1 MW heat application: | thermal spa depth: | 4000-6000 m
application: | office building, industry temperature: | > 150 °C

(heating/cooling) ~ 25 MW heat
£ 2.5 MW power

district heating, power

capacity:

double well system application:
system: | open, heat pump
depth: | <15m
temperature: | 8-15°C
capacity: | @ 14 kW heat
application: | residential building
(heating/cooling)

ground heat
collectors

system: [ closed, heat pump
depth: [ <5m

-3000 m

temperature: | 8-15°C -4000 m
capacity: | ~5 kW heat
application: | residential building -5000 m
(heating/cooling) L

S >150°C




Geothermal Mining Licenses in Bavaria (2011)
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Realized Projects in Bavaria (2017)
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Pressefahrt "Warmewende - Geothermie macht’s moglich", 19. September 2018




The Greater Munich

TIEFE in m

FlieBrate in I/s Temperatur

°

in C

Erding 1868 48/65
Unterschleifheim 1969, 2002 100/79
Garching 2050, 1990 100/75
Unterfohring 2123,2511 50/88, 88/93
Ismaning 1906, 2195 85/78
Aschheim 2621, 2529 55/86
Poing 2900 100/76
Riem 3020, 3747 65/94
Pullach 3371, 3443 80/100
Unterhaching 3400, 3700 150/123
Griinwald 3428,3319 138/130
Kirchstockach 3881,3794 126/134
Taufkirchen 3400 120 /137
Dirrnhaar 3579,4114 100/141
Sauerlach 3733, 4450 100/138

Quelle: Inga Moeck 2015
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UnterschleiBheim (Warme)
SWM Miinchen-Riem (Warme)
Pullach (Warme)

Unterhaching (Warme/Strom)
Aschheim-Feldkirchen-Kirchheim (Warme)
Unterfohring (Warme)
Diirrnhaar (Strom)
Kirchstockach (Strom)

SWM Sauerlach (Strom/Warme)
Garching (Warme)

Poing (Warme)

Griinwald Warme/Strom)
Ismaning (Warme)

Taufkirchen (Wdrme/Strom)
Erding (Warme)
Miinchen-Freiham

Holzkirchen

31 MWth
10 MWth
15 MWth
38 MWth
19 MWth
20 MWth

(>45 MWth)
(>45 MWth)

5 MWth
6 MWth
7 MWth
40 MWth
7 MWth
40 MWth
10 MWth
10 MWth
25 MWth

Total power: 274 MWth/364 MWth/31 MWel
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Unterhaching- Griinwald: The First Interconnection of Two Geothermal
Heat — and Powerplants
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Geothermie Unterhaching GmbH & Co. KG

\ o
Fernwarmenetz der ! =¥ 4
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®* Transmission line: length 5.3 km, diameter

Muwel) , ;_‘ N =< DN 250
Heat — and -\ S Y
. ) . .
(Power)station e R ¢ Powerotrarlsmlssmn. ca. 20 MWth (350t/h,
at 110°/60°C)
1l = 'v“ﬁ;j * Volume of the transmisson line: ca. 727 m3
water — can also be used as buffer storage
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GEOVOL Geothermie Unterfohring
2-Doublett System
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Geothermics — Munich: Energy, Geology and Plants

Nord-Sud-Schnitt durch das Voralpenland
Heat Plants

. Bohrung Unterhaching
Rlem Munchen Riem
Endlhausen

Freiham <X NORD Haimhausen

Schaftlarnstrasse

Zugspitze: 2.970 m

Heat/Power Bt

1.000
Plants 000
Sauerlach 3.000
Diirrnhaar 4.000
Kirchstockach "0




SWM Geothermal Plants in Operation
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Geothermal-Heat-Plant Miunchen-Riem -
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SW/m

Stadtwerke MOnchen

Doublett-wells 3.020m / 2.746 m TVD
Max. production: 90 |/s

Temperature thermal water: 94 °C

Max. thermal power: 14 MW

3 peak load - / redundandancy boilers (gas)

Max. connected thermal power: 34 MW
Drilling 2003
Launch 2004




Geothermie—Heizkraftwerk Sauerlach

Triplett system (1 production-, 2 injection - wells)
Depth of 4.757 m to 5.567 m MD

Yield: 110 1/s, 140°C

2-stage ORC-process

Vapor - medium: Penta-Fluor-Propan

el. power 5.100 kW

el. energy-production 40.000 MWh/a

th. power 4.000 kw

Thermal energy 4.000 MWh/a

CO,- reduction 36.000 t/a

Drilling during 2007-2009

Construction of powerstation beginning 2011
) s W//M 1. heatsupply 2012
[ ~ Bundesverband 1. power supply 2013

Y Geothermie Stadtwerke Minchen
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Geothermal —Heat-Station Freiham

Zielbereich
Bohrung Nord

Bohrplatz Nord O_#...
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Bohrol t 2= ‘Energ,e@ New city-district Freiham:
rplatz Sii

(gepl. Forderbohrung) (). zentrale Commercial space: 110 ha, 7.500 workplaces

E

SW/M Living: 190 ha, 20.000 inhabitants

Stadtwerke Minchen




Construction drilling-place 1: 51 days
Construction drilling-place 2: 74 days
Relocation of the rig: 30 days

drilling 1: 02.10.2015 - 27.11.2015 (56 days)

Drill-site

- Drilling 2: 01.01.2016 — 08.02.2016 (39 days)
| Th1:91,7° C; 90 I/s

Th2:87°C; 105 /s

Vertical depth: 2500 m; MD ¢a.3000 m

Owner Stadtwerke Minchen
Wells 2

Launch 2016
Thermische Leistung Geothermie 20 MW

Yiled 90 I/sec, 90°C
Geological formation Malm

TVD (depth) 2.520m

+ Bundesverband
7 Geothermie




Vi5i0n2040 By 2040, Munich is to be the first German

city, in which district heating can be
obtained from 100 percent renewable
energies. In order to realize this vision, the
SWM will primarily focus on the further
development of geothermal energy.

swgp‘
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a4 a “’ TN —Whegwe Research Project GRAME
A\ S v - = B Ganzheitlich optimierte und nachhaltige

— ReservoirerschlieBung fur tiefengeothermische
Anlagen im bayerischen Molassebecken -
® | L Pt.l SW//M  pevelopment of 50 MWel powerstation and of 400

s s sladwerke Minchen MWsth for district heating in Munich”
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District Heating 2040 — 100% Renewable Energy

Public petition 2018:%*)
,,aet-out of the Coal”

Freimann

Unterféhring
HKW Freimann —— L |I — HKW Nord

Freiham G_eothermie-Anlage
Geothermal plan A e
Freiham 2N Geothermal plant
g::i::ae;qmie-Anlage Neu-Riem Riem
HKW Siid
Martihsried Sendling Perlach
othermal site Planned geothermal
site Perlach
L/
L Heizkraftwerk a Geothermie-Anlage
* .
- Fernwarmenetz Dampf Fernwarmenetz Heillwasser ) Demand ®
— M b ich Sei ik Stadt °
eesungsbereich Seism staren=e Change to geothermal energy until

~ Bundesverband

¥’ Geothermie Quelle: SWM 2022




2 D und 3 D Seismik in Munich

16 City districts
11 Communities outside M
2 State forests
8 FFH areas
13 protected landscape areas

seismische
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Erdoberflache 1™ O O O O 4O -

Y

7

eologische Schichtgrenze
AN, g g g
{ \ Bundesverband

W Geothermie




Realized 3 D-Seismik Net

6935 Vibro Points,
7469 Geophone Points,
Area 3 D Seismik 170 km?
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Project Schaftlarnstrafe with 3 Doubletts

SWM Geothermleaktlwtaten Exploratlon und Prolekte
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Project key figures (Miinchen, Schaftlarnstrafe)

Temperature >100° C j
Production (Tripeldoublet) 3301/s
Total drilling length  >24 km

Vertical drilling depth: 2,400 to 3,100 m
Borehole length: 3,700 to 4,400 m

[N : Bundesverband SW//M
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Entwurf eines technischen und 6kologischen

F U t u re H e at' P ri Ce S i n Strtfkturwandels in der Fernwidrmeversorgung
Munich "
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Mit den Preisszenarien fiir 2040 [6] zeich-
nen sich folgende Zusammenhdnge ab: Die
Tiefengeothermie baut ihren Kostenvorteil
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Overview of Large-Scale Construction Projects in Munich from
2017 to 2030:

}\‘A g ‘ s ;:l 'f :_jm:?a?:ﬂ" Dampfnetzumstellung SW/m
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Germany‘s First Geothermal Greenhouse Farming:
Kirchweidach

Greenhouse: 25 ha area; 2o Mio kg tomatos; closed water cycle (no use of
groundwater); 150 jobs; saving of > 8.500 000 m? gas;
redundancy with local district heating grid.

District Heating:  80% connection rate; return flow for the greenhouse

Biogas Plant: integration of the local biogas plant (redundancy)

Power Plant: modular extension of a ORC- process (now 1.5 MW)

| Bundesverband gggenergie
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Geothermie Holzkirchen (the newest project in operation)

ﬁ' i al "~ The subsequent short-time
o pumping tests resulted in a
il thermal water temperature of >

,\dp} 150 °C. A first short-term

| circulation stage test was
carried out with a pumping and
injection rate of up to 50 I/s. In
mid-April 2017, the drilling rig
was completely dismantled and
transported away.

| TH 1: 5.600 m MD
Q) Bundesversand TH 2: 6.084 m MD 6.1/8" drilling diameter in the reservoir
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Geothermal Energy:

* Electrical power, heating and cooling
* Base-load energy

* Renewable, climate-friendly, sustainable

..and Wellness:

* Secure supply, non-explosive, reduces imports of fossil
energy

* Prevents political pressure
* Inexhaustible reservoir

* No fluctuating fuel costs

* crisesafe

* Value added remains in the region
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We have an
urgent task for the
protection of
future
generations!!!

Thank you for your
attention.
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https://www.posterlounge.de/kollektion/science-photo-library.html

