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City of Munich: 70% CO2 reduction for 2040 A
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Geology of the molasse basin — N-S cross section

Munich

l Alps ¢

A

Malm Reservoir
(Upper Jurassic)

\4

~ 130 km

After: ,Geologische Karte von Bayern 1:50000", Bayerisches Geologisches Landesamt, 1996
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Geothermal Concessions in Bavaria T
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Drilled Meters in Bavaria

ERDWERK
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O&G vs Geothermal — What’'s the Difference? ERDWERK
Oil & Gas: _ Geothermal: T
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Reservoir A ™ peroration
Source

Production per oil well USA (eia):
<15 - 400 bbl/d // 0,02-0,751/s

Count of oil wells by drilling orientation (2000-2015)
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Reservoir ' 7 Temperature
e

Production per geothermal well Bavaria:
27.000 — 71.000 bbl/d /[ 50-150l/s

- Less geological elements but very
productive reservoir needed

- No real exploration wells for geothermal
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State of the Art Geothermal Workflow ERDWERK

~+=.. Geology & Geophysics

" Geological Exploration
Geological Models
Well Site Geology
Borehole Geophysics

l-/\ A solid geology is not enough!

. ] . Integration of all disciplines
Reservoir Engineering

Reservoir Models
Simulation & Targeting
Risk Assessment

Well Test Analysis

Geology and drilling engineering are

Project strongly linked — Life adjustment of

Management,
Permits and
Tenders

Project Management
Bidding Procedures
Approval Procedures

* Drilling Engineeri geological model to reality needed
Well Design and Drilling Prc
Well Site Design
Supervision ‘
Drilling Data Analysis & D

Production Engineering

Completion Design S

Well Test Design j
Artificial Lift Systems

Stimulation Design
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Target Planning SchaftlarnstraBe 2014

Reservoir thickness map: 2014 based on 2D seismic:

4 wells
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Source: M.
Meinecke 2018

® Erdwerk GmbH 2020

S

14



GRAME R&D Project: 2016 Large 3D Seismic in Munich
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Target Planning SchéftlarnstraBe 2017

Reservoir thickness map 2014 based on 2D seismic: Reservoir thickness map 2017 based on 3D seismic:
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First Wells Successfully drilled! ;nnwen.(

Th1 first well:

Depth:
3860 m MD /2809 m TVD

Productivity:
120l/s (4,51 |/s/bar)

Temperature:
108° C

Source: S. Dirner 2018
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Geological Cross Section Southern Germany

Strasbourg Munich Salzburg
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Drawn after GLA (1996), Rupf & Nitsch (2008)
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Geological Cross Section Southern Germany
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Graben Graben-shoulder Sedimentary basin Alpine fold belt
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Drawn after GLA (1996), Rupf & Nitsch (2008)
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Types of geothermal projects (in operation / in construction)

- Most projects in Germany are hydrothermal within the North Alpine Foreland Basin (NAFB)

EGS (1) Hydrothermal (5/2) Hot-dry-rock (0/1) Hydrothermal (22/2)
km above SL km above SL

1 | |
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I
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I:. Neogene sediments | magmatites - Palaeogene 1 jl Creataceous - Jurassic - Permotriassic - Palaeozoic - Basement

Drawn after GLA (1996), Rupf & Nitsch (2008)
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--------------------

SIMPLIFIED GEOLOGIC MAP
E

ARABIAN PENINSULA

Geological cross section Saudi-Arabia
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Modified from Jaju et al. (2016)
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SIMPLIFIED GEOLOGIC MAP
OF THE

ARABIAN PENINSULA

Geological cross section Saudi-Arabia

Cutermary Seposts

-> Striking similarities between Germany and Saudi Arabia
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Modified from Jaju et al. (2016)

® Erdwerk GmbH 2020 23



A
Striking Similarity = Good Potential in Saudi Arabia

Hot Dry Rock / EGS Hydrothermal
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Geothermal Development Ingredients for Success

Developer- Political
Planner Framework
Partnership e.g. Subsidies = el
Viability
Heat Demand
in SA ?

Favorable
Geology

Upscaling
Portfolio
Approach

Oil and Gas
Exploration
and
Production
Workflow

Public
Acceptance
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