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Introduction

Hydrothermisches Potenzial ab 100°C

- nachgewiesen
7/// vermutet
N untersuchungswurdig mlmmmm

Primary Consumption Energy Mix
Germany (2017)

Nuclear Natural Gas

6.1% 23.7%

Other; 0.4%

s — Hydropower; 0.5%

Wind; 2.8%
Solar; 1.3%

e
_~ Geothermal; 0.4%

.
Waste; 1.0%

BENEEES
13.1%

Biomass; 7.1%

Petroleum
34.6%

Adapted from energytransition.org (2017)
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Evolution of the Annual Drilled Meters Dry well

Deep Geothermal Projects inBavaria (Maerstetten)
Bavarian 1% 2D Seismic 0 1 3D Seismic
1¢ Image Geothermal for Geothermal Financial for Geothermal 6 Well Project
Log (Riem)  Altas (Unterfdhring) Crisis (Unterhaching) (SchéftlarnstraBe)
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Geothermal Development in Bavaria — Brief Overview ERDWERK
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Geothermal Development in Bavaria
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— Brief Overview

Waldkraiburg

e

Schnaitsee-West

Bad Endorf

ERDWERK

Geothermal Concession
Fields

I:I Production Permit
:| Exploration Permit
{:| Large-Scale Permit

|
Altoetting Sued

Geothermal Wells

4 Production Well

Bruck + Injection Well

Gepthermie Palling

Trostberg
Development of the
Traunreuf, | Concessions Fields in
Geothermie Traunreu Rupertiwinkel Bavaria

| 2002 4
; Traunstein 2004 >40
------- — 2013 >80

heute ca. 50



Reasons for Success

Strong
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Favorable Oil and Gas
Geology Exploration
and
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Reasons for Success: Favourable Geology

Norddeutsches Becken =
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Mirchalpires
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~ 130 km

After: ,Geologische Karte von Bayern 1:50000", Bayerisches Geologisches Landesamt, 1996
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Reasons for Success: Favourable Geology
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Reasons for Success: Favourable Geology

+
h

c. 300 Ma c. 150 Ma _
(Lower Carboniferous) (Upper Jurassic)
_ Carbonates (Limestone, Dolomite, Marls) +
_ Partial Dolomitization? Dolomitization +/-
Formation Fluid  High Salinity (radioactive)  Low Salinity (almost fresh) -
30 -40° C/km +
(Some high temp anomalies)
(Intergranular) Intergranular
(Karstic) Karstic + /-
Fractures (Fractures)
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Reasons for Success: Economic Viability - Heat Demand

EU28 Energy Demand(2015)
(Household and Industry)

Process Heating
Space Heating 16%

Non-Heating & Cooling Heating & Cooling

27%
A 50% .

//"/m;r 4%/
: Other Heating 1%

Process Cooling 1%

Adapted from Heat Roadmap Europe 2050 (2017) Space Cooling 1%

I
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Reasons for Success: Economic Viability - Heat Demand ERDWERK

o Wells 10.8 Mio. Euro (Thla/Th2)
7.3 Mio. Euro (Th3)

« Energy Center 3.7 Mio. Euro

« DHN Pt1 ca. 16.8 Mio. Euro
« DHN Pt2 ca. 28.0 Mio. Euro
o Extension of Energy Center ca. 2.9 Mio. Euro
« Reinjection Pipework ca. 2.9 Mio. Euro
 Total Investment to 2054 ca. /6.0 Mio. Euro

Quelle: l EQD P
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Reasons for Success: Economic Viability - Heat Demand ERDWERK
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Reasons for Success e

Political

Framework
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Reasons for Success: Political Framework

National Subsidies
(Kreditanstalt fir Wiederaufbau (KfW))

BL

_ERDWERK

Plant Subsidies

200 €/kW(nominaI heat output)
Max. €2 million

Deep Geothermal Wells (heat)

400 mto 1,000 m TVD:
375 €/m TVD

1,000 m to 2,500 m TVD:
500 €/m TVD

>2.500 m TVD:
750 €/m TVD

Max €5 million per doublet

Additional work due to unforeseen technical risks, up to 50% of costs, max €1.25

million per well-

District Heating Network (DHN)

60
€/m (new sections)
Max €1.5 million

Repayment Subsidies: €1,800

Bavarian Subsidies
(LfA FOrderbank Bayern)

per household connection

District Heating Network (DHN)

Max €0.5 million per project from the LfA Forderbank

Municipal Infrastructure Projects

loans at reduced interest rates

granted by LfA Fdrderbank

However, there is no exploration insurance!
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Reasons for Success: Public Acceptance eRDWERK

« 93% of German citizens support the
development of green energy*

* Project Success = Positive Reporting

« Transparent approach of Municipal Projects

PR work & Education

« Accept that sometime there isn't a fit.

Sile First detection Sirongest evenl / Evenl number Description

Unilerhaching (UH) 10.02.2008 M; 2.4 / 657 27 evenls My = 1.0, s5ix events My = 2.0, near inj. well, decreasir
Taufkirchen (TK) 19.07.2012 M, 0.3 /11 During circulation test at inj. well

Kirchstockach (K5) 23082012 M; 0.8 /33 30 microseismic events My < 0.8 near inj. well

Sauerlach (5) 19.06.2014 M 1272 My 0.7 and Mg 1.2, big location error

Pullach (Pu) 21.02.2015 M, -0.4 /1 Mear inj. well

Oherhaching (OH) 01.02.2016 M, 05 /3 Mear inj. well

Duerrnhaar (DH) 31.07.2016 M, 13710 Big location error

Poing (PO) 19.11.2016 M, 21/ 18 microseismic events, two events My, — 2.1, near inj. well

*Agentur fur Erneubare Energien, 2018
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Reasons for Success: Strong Developer — Planner Partnership

Normalized Total Drilling Time (days/1000m)

24.0

Reduction in Normalised Drilling Time
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Lo
o

© Aschheim Th2
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(] Mhring Th2

Aschheim Thl
- © Ismaning Thl
i © Freiham Th1
~ny
1 1l 0
14.0 0 €
/M
(o) Unterﬁm
o Sl
12.0
Unterfohring Th4
©Freiham Th2
10.0 T T T T T ,
22.02.2008 06.07.2009 18.11.2010 01.04.2012 14.08.2013 27.12.2014 10.05.2016
Spud Date
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ERDWERK

Reasons for Success: Oil and Gas Exploration and Production Workflow

Technology

« Seismic Profiles 2D to 3D
« Petrel & Eclipse

« RSS & Multilateral

HSE

 More than just water wells Level

« Human Resources
 Industry Cross Over
 Large Operator Approach
« Upscaling

I

Figure 1: Junction Clasiffication. Source: New Aspects of Multilateral Well Construction, Fraija et al (2002)
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Reasons for Success: Upscaling eRDWERK

Exploration without Exploration

- Experienced planner with extensive
inhouse project performance data.

- Opensource centrally held information

- NLOG, Paris Dogger Database

Play-based portfoliobenaderin

\
R NN A %
P | a y b a Se d EX p I O ra tl O n eerste inzicht in zes voordelen
voor veilig en verantwoord,
kosteneffectief versnellen van

- Economies of Scale geothermie

. , A 1

- SWM-Munich o
— . wre {peessagREEEst PurinEy
. k1, -} Hetgeheel is groter dan de som der delen m‘.
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Evolution of the Annual Drilled Meters

Dry Well
Deep Geothermal Projects in Bavaria (Maerstetten)
Bavarian 1% 2D Seismic 0 15 3D Seismic
1¢ Image Geothermal for Geothermal Financial for Geothermal 6 Well Project
Log (Riem) Altas (Unterfdhring) Crisis (Unterhaching) (SchiftlarnstraBe)
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The Present and the Future T
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The Present and the Future
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The Present and the Future

Project SchaftlarnstraBBe

. Thl: 3860m MD / 2804m TVD
. Th2: 4060m MD / 3043m TVD
. Th6: 4179m MD / 3141m TVD
. Th4: 3741m MD / 2947m TVD
. Th5: 4105m MD / 2688m TVD
. Th3: Oct/Nov 2019

D ol B~ W DN B

‘ Avg. Temperature: >100° C
Avg. Production rate: >100 I/s
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The Present and the Future
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