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Geothermal Development in Bavaria — Brief Overview

Hydrothermisches Potenzial ab 100°C

- nachgewiesen
W, vermutet
NN untersuchungswardig Mg m""""t"

Primary Consumption Energy Mix
Germany (2017)

Natural Gas
23.7%

Nuclear
6.1%

Other; 0.4%

s — Hydropower; 0.5%

- Solar; 1.3%
_/- Geothermal; 0.4%

.
Waste; 1.0%

BENEEES
13.1%

Biomass; 7.1%

Petroleum
34.6%

Adapted from energytransition.org (2017)
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Maglichkeiten geothermischer
Stromerzeugung in Deutschland
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Bayerischer
Geothermieatlas

Hydrothermale Energiegewinnung
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Evolution of the Annual Drilled Meters Dry Well ERDWERK
Deep Geothermal Projects in Bavaria (Maerstetten)
Bavarian 1% 2D Seismic 0 1% 3D Seismic
1% Image Geothermal for Geothermal Financial for Geothermal 6 Well Project
Log (Riem) Altas (Unterféhring) Crisis (Unterhaching) (schaftlarnstraie)
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Geothermal Development in Bavaria — Brief Overview
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Geothermal

Geothermal Concession
Fields

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

Geothermal Wells

+ Production Well
+ Injection Well

Development of the
Concessions Fields in
Bavaria

Year Concessions

2002 4
2004 >40
2013 >80
heute ca. 50

Development in Bavaria — Brief Overview
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Reasons for Success

Strong
Developer-
Planner
Partnership

Political
Framework

Favorable Oil and Gas
Geology Exploration
and
Production
Workflow

Economic
Public Viability

Acceptance

Upscaling
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Reasons for Success: Favourable Geology
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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
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- Shallow sea

- Deep marine deposits - Deepest ma
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@ Carbonate platforms

rine based on BPU subcrop ‘ Caledonian Batholith
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Reasons for Success: Favourable Geology

c. 300 Ma c. 150 Ma
(Lower Carboniferous) (Upper Jurassic)

Tropical, warm +

Epicontinental — Shallow Marine

-+

Carbonates (Limestone, Dolomite, Marls) +
Partial Dolomitization? Dolomitization +/-

Foreland basin

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
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Developer-
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Favorable Oil and Gas
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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% .

//,‘/I-—I;\;E:er 4%/
- Other Heating 1%

Process Cooling 1%

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

S
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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. 76.0 Mio. Euro |E§P

EEEEEEEEEEEEEEEEEEEEEEEE
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Reasons for Success: Economic Viability - Heat Demand ERDWERK

Planning

Grid development

Drilling
N _H—e_ét Center /
Powerstation

Heat

60—

Million €

20

v
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Reasons for Success e

Political

Framework

® Erdwerk GmbH 2021 19



e

o

Reasons for Success: Political Framework enDweRK

National Funding
(Kreditanstalt fir Wiederaufbau (KfW))

Plant Subsidies

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

Deep Geothermal Wells (heat)

400 mto 1,000 m TVD: 1,000 m to 2,500 m TVD: >2,500 m TVD:
375 €/m TVD 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 per household connection
Bavarian Funding
(LfA FOrderbank Bayern)

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 Forderbank

https://www.kfw.de/inlandsfoerderung/Unternehmen/Energie-Umwelt/F%C3%B6rderprodukte/Erneuerbare-Energien-Tiefengeothermie-(272-282)/

*However, there is no state 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.

*Agentur fur Erneubare Energien, 2018

Sile First detection atronges! event / Evenl number Description

Unterhaching (UH) 10.02 2008 M, 2.4 /657 27 evenis My = 1.0, six evenis M, = 2.0, near inj. well, decreasin
Taufkirchen (TK}) 16.07.2012 M 0.3 /11 During circulation test at inj. well

Kirchstockach (K5) 23.08.2012 M; 0.8 /33 30 microselsmic evenls My = 0.8 near inj. well

Sauerlach (8) 19.06.2014 M 1272 My 0.7 and Mg 1.2, big location ermor

Pullach (Pu) 21.02.2015 M,-0.4 71 MNear inj. well

Oberhaching (OH) 01.02.2016 M_ 0573 Mear Inj. well

Duetmnhaar (DH) 31.07 2016 M_13/710 Big location error

Poing (PO} 19.11.2016 M, 21721 18 microseismic evenis, two evenis M, — 2.1, near inj. well
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Reasons for Success: Strong Developer — Planner Partnership

Normalized Total Drilling Time (days/1000m)

Reduction in Normalised Drilling Time
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ERDWERK

Reasons for Success: Oil and Gas Exploration and Production Workflow

 Technology
« Seismic Profiles 2D to 3D
« Petrel & Eclipse, Landmark
 Modern RSS & Multilateral Completions
« HSE (More than just water wells)
« Human Resources
 Industry Cross Over
 Large Operator Approach
« Upscaling

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

Exploration without Exploration
- Experienced planner with extensive

inhouse project performance data.
- Opensource centrally held information
- NLOG, Paris Dogger Database, GeotIS

Play-based portfoliobenaderin
eerste inzicht in zes voordelen
voor veilig en verantwoord,

kosteneffectief versnellen van
geothermie

Play based Exploration

- Economies of Scale = e, 3
- SWM-Munich s

s

Het geheel is groter dan de som der delen eyl .
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Evolution of the Annual Drilled Meters Dry Well CRDWERK
Deep Geothermal Projects in Bavaria (Maerstetten)
Bavarian 1** 2D Seismic 0 1% 3D Seismic
1% Image Geothermal for Geothermal Financial for Geothermal 6 Well Project
Log (Riem) Altas (Unterféhring) Crisis (Unterhaching) (SchaftlarnstraRe)

Drilling meters [m MD]

5,000 |

10,000 -

%000+

[E] v () — - I ) -

R

1990 1992 1996 1999 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

VAT T AT
(24013 aviiy

o Ve 7
L
% 3,293

20004 e e e e B

25000 4

004 B

35000 &

40,000 |

45,000

50,000 -

Realized drilling meters
(annual total)

(annual total)

W Realized drilling meters by ERDWERK
i/
1

Number of active well sites

® Erdwerk GmbH 2021 30

@



The Present and the Future

ERDWERK
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The Present and the Future
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The Present and the Future
Project SchaftlarnstraBe — State of the Art

Thi: 2,809 m TVD

Th2a: 3,044 m TVD

Th2aM1: 2,650 m TVD

Th3: 2,723 m TVD

Th4: 2,947 m TVD

Ths: 2,668 m TVD e O, s 4
Thé: 3,141 m TVD B R e Tk
total length of wells: 25km N e e Sl
Thermal Output: 50MWth

Avg. Temperature: >100° C

Avg. Production rate: >100 I/s
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ERDWERK

The Present and the Future
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Template for Further Regions and Cities?

 ERDWERK

Problems

Drivers

Solutions

High project risk.
High CAPEX.
High cost of single project.

No knowledge transfer/sharing.

Catch up with E&P professionalism.

Slow Investment returns.

Passionate and motivated people.

Political Change and Climate Targets
(Horizon 2020)

Social Political demand for change.
Market for Geothermal.

Subsidies.

Opensource.

Research and innovation.
Centralized risk minimization.
Seismic Monitoring funding.
Regional initiatives.

Portfolio Approach.

Thank You




