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0 Energy statistics/Germany
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Users of energy in Germany

Der Erneuerbare-Energien-Mix 2007

Mit 222 Terawattstunden Strom, Wérme und Kraftstoffen
lieferten Erneuerbare Energien 8,5 Prozent des gesamten
deutschen Energieverbrauchs. Bliotovoliik
¥ 2%
«— Strom aus
Bioenergie
Wasserkraft : 1%
9% ' Bio-
Erdwirme —— kraftstoffe
Solarthermie —
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Windenergie

www.unendlich-viel-energie.de

Quelle: BMU/AGEE-Stat; Stand 3/2008

Wer in Deutschland die meiste Energie verbraucht
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0 Energy statistics/ Germany/ electric power generation

Brutto-Stromerzeugung 2012 in Deutschland:
617 Mrd. Kilowattstunden™

Erdgas 11,3% Heizél,

‘ le 19.1% Pumpspeicher und
Steinkohle 19, Sonstige 6,0%

Wind 7,3%

Erneuerbare Biomasse 5,8%
21,9%

Wasser 3,3%

Photovoltaik 4,6%

Siedlungsabfille
0,8%

Braunkohle 25,6% Kernenergie 16,0%

* varldufig, teilweise geschitzt Quellen: BDEW, AG Energiebilanzen, Stand: 122012

Electricity production mix for Germany in 2012




0 Energy statistics/geothermal power capacity in the world

Renewable energy — geothermal
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*End of year Souwrces: Intemations! Geothermal Associstion, conference papers presented at vanous M5A workshops and congresses.
*|ass than 0.05%

http://www.bp.com/liveassets/bp internet/globalbp/globalbp _uk _english/
reports_and_publications/statistical_energy review_ 2008/
STAGING/local_assets/2010 downloads/renewables section 2010.pdf




Geothermal Energy and Geothermics

m Geothermal energy is that part of the total heat energy stored within
the Earth’s interior that is available for human use. That means
practically that it is related to the heat energy stored in the upper
layers (crust) ot the earth.

m Although the earth’s stored heat 1s theoretically finite, its large amount

(12.6 x 10%* MJ) makes geothermal energy practically a renewable energy
that can theoretically sustain the energy needs of mankind many
times.

Geothermics 1s the science that deals with the theoretical study of the
thermal regime of the earth as well as the engineering aspects to use
the earth’s heat for heating / cooling and electric power generations.




1 Origins of geothermal energy

m 1. [eft-over heat from the

time of the accretion of the
carth (4.6 By BC) (30%)

The Earth

Crust .

2. heat generated by the
decay of the long-lived Mantl
radioactive 1sotopes of

potassium (K40) (70%).

“-\______i v
uranium (U238, U235), R
thorium (Th232) and Otiter-opre /’ “ff* {
. i

Isotope  Half-life (x 10° y) Heat generation {:kagJ) Inner core TP
2.8 x 107

26 x 1072

56.0 x 10

p . . .
9.6x 10 Basic structure of the earth’s interior




1 Origins of geothermal energy

Temperature distribution in the earth

Temperatures in the Earth

Temperatures Depth in
in Celsius ; kilometers

Temperatures in the earth Geothermal gradient in the upper 150km
dT/dz ~ 30 °C/km




1 Origins of geothermal energy

Mechanisms of heat transport in the earth
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1 Origins of geothermal energy

Mechanisms of heat transport in the earth

(2) Heat transport by Mid-oceanic ridge

COIlVeCtiOIl Subduction
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Numerical simulation of
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1 Origins of geothermal energy

Heat flow at the earth’s surface Temperature Gradient Data

'C 50" 100" 150° 200" 250
DepthinFt [T T T T T T T T
500 - Typical gradient

Average heat flow 1000
Example of core

— 1500 +
= 60mW /m2 hole gradient in
360 Watt 2000 — geothermal area

2500

Compare with
3000

Solar Constant

S= 1360 W /m?

Note the large lateral
variations across the
surface of the earth

Explanation by

T heory of
Plate Tectonics




1 Origins of geothermal energy
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1 Origins of geothermal energy

%
Lake Esika

Volcano
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Plates, plate boundaries and distribution of volcanoes across the earth




1 Origins of geothermal energy
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World pattern of plates, oceanic ridges, oceanic trenches, subduction zones, and geothermal fields.
http:/ /www.geothermal-energy.org/105,interactive_map.html




2. Classification of geothermal systems/reservoirs

Geothermal Reservoir

The “ideal geothermal reservoir”
= high temperatures + water

— = Hot Water
=N Z
= -

Hol spring
or
steam veni

\

\\ Impermeable caprock

% (thermal conduction] :
|| ¥ __--_- --- I
Wb\ | Reservoir o =E
B {Iherrr«a'lcnm'u:llunl

Flow of heal
[conduction)
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2. Classification of geothermal systems/reservoirs

Temperalime ("C)

1075 at
surface

Dep® (kKm)

A0 BOG
Temperalure {°F)

Thermal processes in an “ideal geothermal reservoir” resulting in the formation of hot steam




2 Classification of geothermal systems

Nutzung der Erdwéarme

' Oberflachennahe Bereitsteliung von
Nutzung Warme mit Warmepumpen

Warme- und Kilte-
Soultz sous Forétsjt§ I Speicherung in Aquiferen Direkte
(Frankreich) Warmenutzung

: Larderello
KontmentalA N (Italien) hydrothermale
Tiefbohrung - L titt
Grolk Schénebeck agerstatten Strom-
(Oberpfalz)

(Norddeutschland) erzeugung

Hot Dry Rock Systeme

N\

Temperature distribution with depth at different locations and classification of
geothermal systems in relation of their depths




2. Classification of geothermal systems

Erdwarme- Hydrothermal- Enhanced Geothermal
sonde System System (EGS)
0.006 -0.2 MW 0.2-20 MW 30->200 MW
0 k.
e U e Heizen
mit
mmw aus warm e-
1 km umhillender 40 - 60°C
Gesteinsformation pumpen
Heiz
2 km 70 - 90°C S
Wirme-
3 km 100 - 130°C
4 km 130 - 170°C Prozess-
wdadrme
und
1 - 21 Strom-
5 km 60 0°C Troikion
6 km 190 - 250°C

Use of geothermal energy from surficial, hydrothermal and deep petrothermal reservoirs




2. Classification of geothermal systems

Low enthalpy resources

Intermediate enthalpy resources 90-150 125-22 100-200

High enthalpy resources

Ditferent classifications of deep geothermal reservoirs in relation to the temperature °C.




2. Classification of geothermal systems

2.1 Deep geothermal energy reservoirs

m Characterization of high enthalpy-systems

Mostly in regions with vulkanic activity

Use for generation of electricity (flash-method)
and of process heat

Temperature range: 90 — 300°C

Depending on pressure reservoirs have more
steam or water

Steam 1s reinjected

— no negativ environmental impact

= higher productivity




2. Classification of geothermal systems

2.1 Deep geothermal energy reservoirs

Electricity

Fluid is recycled to the
reservoir through the injection
well to complete the loop

Injected fluid enhances the
transmissivity of the rock and
maintains the reservoir fluid

Fluid flows through the rock
along permeable pathways,
picking up in situ heat

Water vapor from
cooling facility

Power Plant
Fluid is pumped to the

surface through
production wells

Steam drives the
turbine generator




2. Classification of geothermal systems

2.1 Deep geothermal energy reservoirs

Geothermal Power Plants

http:/ /www.geothermal-energy.org/105,interactive_map.html

http://www.geothermie.de/aktuelles/geothermie-in-zahlen/weltweit.html




2. Classification of geothermal systems

2.1 Deep geothermal energy reservoirs

Laradello
geothermal
power plant

First Geothermal Power Plant, 1904, Larderello, Italy

The Geysers
geothermal field,
California

http://geothermal. marin.org/ GEOpresentation/sld036.htm




2. Classification of geothermal systems

2.1 Deep geothermal energy reservoirs

2.1.2 Low enthalpy reservoirs

Thermal power extraction
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2. Classification of geothermal systems

2.1 Deep geothermal energy reservoirs
2.1.2 Low enthalpy reservoirs

Geplante und realisierte Geothermieanlagen (Stromerzeugung) in Mitteleuropa

Geoth. Elektr.
Leistung Leistung
in MW in MW

Temperatur| Forderrate | Bohrtiefe Geplante Inbetriebnahme
in °C in m¥h inm Jahr
Deutschland
Grofd Schénebeck 10 1,0 150 < A0 4294 2008
sustadt-Glewe 10 0,21 %8 119 2.250 Im Kraftwerksbetrieb seit 2003

. Bad Urach
dé;‘t‘ﬁhﬁeg B (HEDR—Ir:'E:Icotprojerct} 610 ca. 1,0 170 48 4.500 Bohrarbeiten beendet wg. Auslauf der Finanzierung
C = I Bruchsal 4.0 ca 05 18 86 2500 Im Kraftwerksbetrieb seit 2009
Karlsruhe 28,0 = 150 270 3.100 unbekannt
andau 2 3 159 70 3.000 Im Probebetrieb seit 2007. Zeitweise eingestellt wegen leichter

Beben. Wiederaufnahme mit reduziertem Pumpendruck.[1] .

Insheim 4.0-5002 =155 3.600 voraussichtlich 2011
Schaidt »155 =3.500 | (Bohrbeginn 2011)
H Offenbach an der 3045 4,860 160 360 3500 | gestoppt wg. Bohrlochinstabilitat
. Queich
Riedstadt 21,5 ca. 3,0 250 3.100 unbekannt
— [21] . =
Speyeri®! 2450 4860 150 450 2900 2005 aufgegeben,'= " weil Erddl statt Wasser gefunden wurde

(drei Bohrungen im Probebetrieb)
Unterhaching 40 34 122 = 540 3.577 seit 2008 im Betrieb
Sauerlach ca. 80 ca. 537 140 > 600 > 5000 |Ende 2011 (Bohrarbeiten erfolgreich beendet)

Diirrmhaar ca. 50 ca. 5,0 135 =400 »=4.000 2011 (Bohrarbeiten erfolgreich beendet)
Mauerstetten 40 4,0-5,0 120-130 ca. 300 4.100 unbekannt (zu geringe Schiittung)*!
Kirchstockach 50 5 130 450 »4.000 2011 (Bohrarbeiten erfolgreich beendet)
§ t;igi:‘chmg} 50 5 130 470 >4.000 | 2011 (Bohrarbeiten erfolgreich beendet)
5 Kirchweidach 120 470 > 3.000 2012 (Bohrbeginn 2010)
Bernried »4.500 2013 (Bohrbeginn 2011)
Taufkirchen »3.000 2012 (Bohrbeginn 2011)
Geretsried »4.000 2013 (Bohrbeginn 2011)




2. Classification of geothermal systems Soulz sous la Foret

2.1 Deep geothermal energy reservoirs
2.1.2 Low enthalpy reservoirs

HDR= Hot Dry Rock Technology
EGS = Enhanced Geothermal System =

. AR speicher
http://www.soultz.net/versio A \I R

; érmg
_ tausch eR /}

Irut;m '
bohrung

http:/ /www.uni- _ j ereaikare 1 =
kassel.de/fb14/geohydraulik/ 3 5 i
Lehre/Geophysik_Geothermie
/Vortraege 2008/Kobs_Hali

m_Hot_Dry_Rock.ppt

n-en.htm

kristallines
- —+ 3
11,/ Gestein
)

500 - 1000 m




2. Classification of geothermal systems

2.1 Deep geothermal energy reservoirs
2.1.2 Low enthalpy reservoirs

Drilling for the Super C Aachen project.
Stopped for economic reasons after a depth
of 2500 m was reached.

dipign Fédpncs

(Prcrigerg ealechon
Fvlproen el skt
Fulerem Riba

Liresttanged & Packe




2. Classification of geothermal systems

Open dublett system horizontal ground loops vertical U-tube loop
(most common)

In 2009 in Germany 330.000 ground source heat pumps (GSHP) installed
with 51.000 new installations in 2010




2. Classification of geothermal systems

Heat Pump

Heat Pump: 5 5 har 17 bar
Mpressor

T‘. |r:'\.
' f—"]

Circulating pump (_( EE“
Coefficient of Performance ,{} —

COP=Q, /W, ~ 45 <

with (

Q,, = output heat rate
:Qin T Wel

W, = electric power input ~ A Heat Source



2. Classification of geothermal systems

http://www.geothermie.ch/index.php?p=examp tunnels

http://www.uni-kassel.de/fb14/geohydraulik /I.ehre/Geophysik_Geothermie/Vortraecge 2010/Pfaffel.ppt




2. Classification of geothermal systems

Heat pump extracts heat

from mine water and Dubletten-System
supplies district heating *

system ) ‘\ Grundwasser- « Trennung von Pump- und
il spiegel Infiltrationsleitung
'éﬁ]?ﬁ@%‘s‘.éé‘rﬁ&'eﬁél‘iFn"KéirB‘o‘rT"" [T - in getrennten Schachten
nach Wiederanstieg oder
i - Schacht und neu zu
zu bohrender Brunnen
eitlich abgesenkte 7
Crundwassersplagel groRer kontinuierlicher
Wéarmestrom méglich

Warmwasser

Flooded : | |} Kaltwasser
coal measure _ :

: Schematisches Bergwerk mit Férderschacht- und Infiltrationsbrunnen, Warme-/Wasserkreislauf im Dubletten-

: . Doublett-system of pumping and injection
Extraction of warm water from mining shaft ) pumphe ]
wells for water from a mining shaft

http:/ /www.uni-kassel.de/fb14/geohydraulik /I.ehre/Geophysik_Geothermie/Vortracge2010/Gemmeke.ppt




2. Classification of geothermal systems

Heerlen the Netherlands, warm and cold water from abandoned coalmines

Heerlen

Heererheide Stadspark Oranje Nassau Centre
Phase 1 // Phase 2 Shaft 2 ON |

£ Albiase abover

-Shaft ON Il S Summer . E | ! A O under sea kvl
10 L= B2 — 100

Cepfhim) minus
surface leveal =
o LER T AR S . 3 2 ' ) i et AP |

- = R e = E —————— ]

Tertiary

NAP, —

Cretacecus

ot
=
o
a
E
{=3
&
im
=

b
j

http://www.uni-
kassel .de/fb14/geohydraulik/L ehre/Geophysik Geothermie/Vortraege 2008/Kallert Remining Low




2. Classification of geothermal systems

N

!

heat storage
Summer cooling

heat exchanger

« N\

/N

I

heat storage

Winter heating




3. Use of geothermal energy

emperatre (*C) 0 20 40 40 B0 100 120 140
B spa frealment
I $wimiming pools

I incw meNing
Fancoils ] [ Rodiators

I Radiani panels/slabs
Dome stic hot waler I B A it condilioning
Lindal-Diagram I ieof pump
I Ccreal fodder

Geoth 1 q q B siable and breeding grounds
cothermal use depen Greenhouse s [N B V= getable de

on the temperature of the I Food processing
geothermal reservoir I 50il wanming and fish famming
Cﬂpperpmcenﬁu. I Heap leaching ﬂmlﬂ
Il Sivdge dige stion
B Concrefe blocks curing
I Oil recovery
W Cloth drying
B Wool washing
Bl Chemical extraction
BN Toppenes
E Puip and paper mill
Finary power plants I
Conventional power planis




3. Use of geothermal energy

Direct Uses

» Balneology (hot spring and spa bathing)
» Agriculture (greenhouse and soil warming)
* Agquaculture (fish, prawn, and alligator farming)

* Industrial Uses (product drying and warming)

» Residential and District Heating

http://geothermal.marin.org/
GEOpresentation/sld072.htm




3. Use of geothermal energy

_'-'E

Residential Heating {
|

|

|
|

http://geothermal.marin.org/
GEOpresentation/sld089.htm




3. Use of geothermal energy

Condensed
Steam
(Water) __ -

Production Well Injection Well —
urome Genperator
\

€. #/ s,

I. "."{‘_ | =

Binary Liquid

A Heat Exchanger

Cooled
Water

Carnot thermodynamic efficiency

Tl = W/chermz 1- Tcold/Thot

http://geothermal.marin.org/ GEOpresentation/sld036.htm




4. Economic and regulatory aspects for the use of

geothermal energy in Germany

http:/ /www.uni-
kassel.de/fb14/geohydraulik/Lehre/Geophysik_Geothermie/Vortraege 2007/
Angebotspotential Schmidmeier.ppt




5 Ecological aspects of geothermal energy

5.1 Energy potential of a geothermal reservoir
(meaning it is basically a regenerative energy source)

5.2 Regeneration of a geothermal reservoir (sustainability)

5.2.1 Regeneration in a fissured rock system with convective heat

transport
5.2.2 Pure heat conduction in a solid rock system

(requtres complicated numerical modeling of the flow and heat
1ransport in a reservor)




6 Risks of the use of geothermal energy

6.1 Risks of seismic events

http:/ /www.uni-kassel.de/fb14/geohydraulik/Lehre/
Geophysik Geothermie/Vortraege 2009/

Boos Basel Projekt.ppt

6.2 Risks at buildings due to vertical deformations
of the earth’s surface or from drilling

http:/ /www.uni-kassel.de/fb14/geohydraulik /T.chre/ owm amtimm, it (B

Geophysik Geothermie/Vortracge 2009/
Seeliger Staufen Projekt.ppt

6.3 Economic risks

http:/ /www.uni-
kassel.de/fb14/geohydraulik /T.ehre/Geophysik Geothermie/

Vortracge 2007/Angebotspotential Schmidmeier.ppt




7. Potential of geothermal energy for Germany

55" H
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Geothermal temperatures underneath Germany at depths of 1000m and 2000m




7. Potential of geothermal energy for Germany

Stromerzeugung

Fernwarme

Gebdudeheizung
Thermalbad / Balneclogie .
Trink- / Brauchwasser

C0; -Gewinnung

Forschung

sonstige

Aquiferspeicher

Present-day geothermal locationsin
Germany with different uses

i_fU'ID 5tIS1CI 111-\0 5%0 3
104 bis 10"-3 v.
P m’%ﬁ
10%-8 (Helvetische Fazie
F‘\V;"'\,ﬂf

Regions with highest geothermal potential
with values of hydraulic conductivity for
the Molasse region in the south




7. Potential of geothermal energy for Germany /Projection

armeerzeugung aus Geothermie und Umwelt-
arme und Anteil am Warmeverbrauch

TWh

Strom aus Geothermie in Deutschland bis 2020
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or 20030 5.8
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0 -'_.rl"'"l 1 &
."‘..-‘ |
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Geothermal heat production Geothermal electrical power production
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