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Since Deep Geothermal Energy provides both
Heat and Electricity, in short it is called : GEOENERGY
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I) PHYSICAL Potential of Geoenergy
a) TEMPERATURE depending on DEPTH

e Within the earth's crust :

\ the temperature gradient
20 km < Earth Crust < 50'km - is much higher than further
- . inside

e At the inner boundary of the
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e In the earth's center :
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NG T = We are sitting on an inex-
e —— haustible occurrence of heat,
due to

+ radioactive decay

« condensation heat

(the transition of liquid to solid
state causes the dint in dotted line)

Next point of interest: DISTRIBUTION of temperature in a plane of a certain depth
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I) PHYSICAL Potential of Geoenergy
b) DISTRIBUTION of temperature in a plane on a certain depth

Universally valid the two statements: a) in 10 km depth the temperature is at least 150°C, b) US = representative for globe

Earthquakes (M > 4) 1980 - 2002 World Data Center for Seismology, Denver
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EUROPE is rather comparable with West than East of US
= T really about 300° Cin 10 km in Europe ?
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I) PHYSICAL Potential of Geoenergy
c) DISTRIBUTION of temperature in 5000m depth in EUROPE

Yes, Europe is comparable to California with about 150°C in 5 km

p. 97_IEA (International Energy Agency),

TEsmim iy v de ‘@ roche
Geothermal Energy Annual-Report (06-Jan. 2008) oy
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Field experiences:

BASEL: 4'600 m = 175°C
S.19_Geothermie.ch_Marz 2009
extrapoliert : 5000m = 190°C

TRIEMLI: 2700 m = 106°C
S.5_Geoth. Newsletter_Febr.2011
extrapoliert : 5000m = 196°C

EGS posstal @ Furope (fom Jaroo Schegperns BEC copeet, 177 Exccutive ST SSNR R FAS NN b H
France 23.23 March 07 in 5 km even 200°C

Decisive question: What ENERGY CONTENT corresponds to such temperatures ?
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I) PHYSICAL Potential of Geoenergy
d) ENERGY CONTENT at such temperatures

The heat content of a cube
with

Earth Crust: 20 - 50 km

« a side length of 10 km,
» a temperature of 240°C

equalizes the total yearly
energy consumption of the
WHOLE world.

Such a cube represents a
negilgible tiny little bit of
the earth's crust, up to 50
km thick and enveloping the
ENTIRE globe

Conclusion : The PHYSICAL Potential of Deep Geothermal Energy is UNLIMITED
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II) POLITICAL Energy Debate
a) Energy consumption and the ,,Energy Change"“

1 000 000 Teraloule = 1000 Petaloule (PJ) = 1 Exaloule (EJ) = 280 TWh (weil 1J=2.78 10* Wh)
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Uberblick tiber den Energieverbrauch der Schweiz im Jahr 2010 _Bundesamt fiir Energie BFE_Juni 2011

Implementation of Energy Change shall be mastered by Energy Package 2050
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II) POLITICAL Energy Debate
b) Energy Package 2050, as proposed by the Swiss Federal Council
I' o &l E & b $) | 1]/9 ] (== (708% [~ || B |l | & B2 | e Werkzeuge | Kommentar

7 Le Consell fageral
( 5 derazione Sv 1l Consiglio federale
Il Cusseg federal

Faktenblatt 1

Datum: 18.04.2012

Erste Massnahmen Energiestrategie 2050

Der Energiemix 2010: Erdélbrennstoffe 21,9%, Treibstoffe 32,3%, Gas 12,7%, Elektrizitat 23 6% und restiiche Energietrager 9,5%. Der Endenergieverbrauch der Schweiz lag
im Jahr 2010 bei 911,55 PJ (253 TWh). Davon verbrauchten Haushalte 29 8%, Industrie und Dienstleistungen 35,1% und der Verkehr 33,7%. Die Ausgaben der
Endverbraucher betrugen 30,53 Mrd. Franken.

1. Energieeffizie

1.1 Gatinde consisting of five primary measures
lbabuints 1 Energy Efficiency

Inlandverbrauchs ung
Ziele: Der Gesamte

Pt 2 Renewable Energies
13,8 TWh. Mit dem

Energy Tax

Verscharfung der -
- Die Sanierungsquofgii4 Fossile Powerplants
- Verscharfung Vorsg
- Verstarkte Durchsef
- Einflihrung Energie 5

Pilot- & Demo- Plants as well as Light-House-Projects
- Pflicht Betriebsoptil

Verstarkung des Gebaudeprogramms: Fir das Gebaudeprogramm, das die
- GEAK-Pius Pflicht (Gebaudeenergieausweis) fiir Férderbeitrage aus dem Gebdudeprogramm sowie bei energetische Sanierung bestehender

and what are the predicted time curves of production, n.b.: restricted to power only ?
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II) POLITICAL Energy Debate
c) Forecasted DEVELOPMENT of Energy Mix until 2050

Energy Mix for POWER Supply only

© Zusammensetzung des Stromangebotes

auf der Basis des Massnahmenpakets des UVEK (Quelle: Prognos)

Nuclear

BN Destehende Wasserkiantwerke %777 neue Wassenuatinerks bestehence Kemkrathwerke bestehende fossiie KW
i pestehende Bezugsrechte B bestehende Emeuerbare” neue fosslie WKK w527 neue Emeverpans”
neue Komblkraftwerke neue Kemkrafwerke w4 neue importe Brutionachirage

2000 2005 2025 203 2045 2080

*) gekoppeltund ungekoppeit Hydrologisches Jahr
Quelle: Prognes 2012
Energiestrategie 2050 — Pressekonferenz April 2012 3

Bundesratin Leuthard

Question of interest: What is the optimal mix of the renewables ?
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II) POLITICAL Energy Debate
d) Optimal energy mix needs monetized Tripel Value Curves (TWK)

Tripel-Wert (TW)
A\ Vollkostenrechnung

~ TWKII

>
Zeit (t)

Optimal energy mix is provided by the Portfoliotheorie (Markowitz)
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II) POLITICAL Energy Debate
e) Optimal energy mix is provided by Portfoliotheorie (Markowitz)

Tripel-Wertschopfung (Rendite)

33% PE1,67% PE2

56% PE 3,33% PE 2, 11% PE 1
- 84% PE 3, 16% PE 2

PE 3 (100%)

PE = Primdrenergie

Prinzip-Skizze

B

Risiko

Efficient Frontier

PE 1 (100%)

Gegenuber 100% PE 3, der Primdrenergie
mit dem geringsten Risiko, hat der

optimale Mix :

. PE 2 100%) 5604 PE 3, 33% PE 2, 11% PE 1

* ein halb so grosses Risiko bei
* einer doppelt so hohen Wertschdpfung

Certainly, Geoenergy will be a dominant player in the optimal energy mix
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II) POLITICAL Energy Debate
What IMPORTANCE might have Geoenergy for the Energy Change' "’ ?

ENERGIEWENDE = Ablosung nuklearer und fossiler durch erneuerbare Primarenergien
Realisierbarkeit der Optionen (grun)

STROM- Ablosung durch Zusatz-Potentiale realisierbar :
Produktion
Schweiz tech- | theoretisch
nisch wenn Vorkommen existent,

maximal doch mit erprobter Technik nicht nutzbar,

mit ar- dazu alse INnovation notwendig
probter

Technik . . -
realisiert e Innovation | Schweiz | Import L E_-'PE"
realisiert isiko

Progno-

2011 . sen Innovation HV-MNetz &
BFE, Tab.24 '~ ATWS ™ Speicherung

Yo TWh TWh 0o Yo CHF
CO2-Seque-
strierung

Kosten und Risiken

Primar-Energie

Break even

Energie- Energie- = 10 Mia.® Devisenexport
wende: wende:
- 4, Generat. 0 0

- Fusion

fossil 4 3 Energie-
wende:

nuklear 41 26 Ersatz

total 29

> 100 Mia. > 10 Mia.

Wasser 54 34 erschépft > 10 Mia.

Sonne 0.2 . a la Desertec 10 Mia. > 10 Mia.

Swimming

Megz-Parks 10 Mia. > 10 Mia.

Wind 0.1

Boden 0 0 3| Mo 0| < 10 Mia. 0

Bio 0.7 | 0.42 4 | Forogrnnatye 0| <370| < 10Mia. | > 10 Mia.

total 100%: 64 TWh 29 (%) 370% = 237 TWh = Gesamt-Energleverbrauch [=5trom, Warme, Mobilitit) Schwelz/2011 Tab.1™

(1) Eluna'ecam* fir Enengie Schwe-izerr':d‘.'e Gesamfenargiesfabistik 2017,

= - - -
{3) [FDF] 000000290408 - BundeuamrﬁarEnnﬂE BFE, 5.9
(4) hitpsfnawe bmbf defoardenngen 8347 pho

Geoenergy must have an utterly strong position in the optimal energy-mix
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IIT) QUALIFICATION of Geoenergy
a) Sustainability ranking of Geoenergy - Results of EARLIER studies

Ranking Technologien 2030: Mittelwerte u. Standardabweichung (N = 11)

=
=

Bewertungspunkte
EEAEBSIBER

0
0

PSI - Energie-Spiegel, Nr. 20, Juni 2010
abe.web.psi.ch/pdfs/Energiespiegel Nr20 072010 d.pdf

Hydro Laufkraft
BHKW Syngas
Wind Schweiz

Gaskombi

PV kristallin

PV amomph

ennstoffzellen
Erdgas

Energie Trialog Schweiz, Dez. 2008 :gm;mm

www.energietrialog.ch/cm data/Renn MCDA Workshops 2008.pdf

MCDA-Ergebnis [Rang]

In both studies, the qualification of the
primary energies concerning sustainability
is performed by the so called

MCDA (Multi-Ctriteria Decision Analysis),

as explained in:
http://www.satw.ch/publikationen/schriften/stromversorgung/index

in both studies: GEOENERGY is ranked very high
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IIT) QUALIFICATION of Geoenergy
a) Sustainability ranking of Geoenergy - Results of RECENT inquiry(*)

NON-RENEWABLES RENEWABLES

@
{ Seede )

Fluss-Kraftwarke (KW)
etn-Geoth. Offen Frmoan

Kadawver /! Lebensmined

Kem-Spaflung Fimion. A<V

Hydro-Geothemmie
Pain-Geot. Geschl

rollakioran vamse)
Photovoltaik | Svem)

Kem-Fuson

o
nuclear GROUND

MALUS

Even post Fukushima: GEOENERGY is again ranked highest
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IV) ASSETS of Geoenergy
“The Potential of Deep Geothermal Energy in the Energy Debate”

The potential of “"Deep Geothermal Energy" (Geoenergy) is extraordinarily high :

 Theoretically, the potential is unlimited

« Politically, the decisive assets of deep geothermal energy are
the following facts:
- autonomy, because anywhere existent
- thus, high supply security of energy (power and heat)
- no cost for ressources, hence no export of currencies
- negligible GAU (maximum credible accident)
- no earthquakes, when CLOSED heat exchanger,
- no dangerous emissions, no waste to be disposed
- high social acceptance, thus, democratic support

* Technically, the potential

- depends on the CAPABILITY of accessing and exploiting the so most
interesting unlimited occurrence of geothermal energy

- is limited to the economic feasibility of such access and exploitation by
necessarily new technologies for deep drilling, as by photonics

Therefore, new drilling techniques, based on Photonics, will be presented as next
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