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Purpose of this lecture

One of the objectives of Enhanced (Engineered) Geothermal
Systems (and therefore also of MEET) is to make geothermal
energy also available in areas not suitable in the classic approach

Only if we are succesful with such an enhanced approach,
geothermal systems are able to contribute to the overall
renewable energy supply in a significant proportion on the long-
term perspective
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Purpose of this lecture

Exploration and Exploitation strategy for an energy
consumer-driven geothermal project —an approach on how
to turn a geothermically unsuitable geological setting
eligible, i.e. economically attractive feasable at a very early
stage (transition pre-studies to research well)

From the perspective of a scientific project developer
(compare with the talk of John Reinecker: Exploration
workflow for deep geothermal systems)
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Purpose of this lecture

- Excercise: take a role as one of the stakeholders, i.e. scientist,
project developer, administration, decision maker, investor,
politician, citizen, climate change activist etc.

... and place your guestions from the different perspectives
for a discussion at the end of the lecture
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Introduction
Energy infrastructure setting of the University Campus
Geological setting of the Gottingen region

Exploration strategies
- MEET-project: analogue studies, reservoir modelling

- Research well: strategy and public funding
Summary and Outlook
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Energy infrastructure
setting

500 m Geothermal Winter

Power station

Combined Heat and
Power Generation
23 MWep 60 |\/IWheat input

(>30 mio Euros total
costs per year)

Ubersichtsplan
Fakultaten
19032007

school 2021

District heating of the University:
13 km heating pipe

supplying
ca. 250 building units

20-25% of the total natural gas
consumption of Géttingen:

1693 GWh natural gas in total in
GOottingen

392 GWh University

(7 mio Euros/year)



Energy infr
astructure setting:
etting: Combined heat and power st
station
Geothermal Win
school 2021

H |

To e,

) —14
Steanamerco 1 | Di e ”
am and cooling br —f Diesel‘rz(Way e 5
auntanied )l N ckup for supply




021
renewables can be school 2
purchased

Energy infrastructure setting: Energy Balance 2018 Electrical power from Geomermalwmteriu

Sankey-Diagram

. X
" 4

Substitution of natural gas by geothermal

energy for heating to a maximum extent
(7 mio €/year)

>
©
2

transformer

station own use

)7,
/N

)

third
parties

transformation grid |oss
loss

Legend municipal 1.1 OWh
heat [N public utiity

power g naturalgas [7)

cold pmmm crudeoil




Energy infrastructure setting: Heat demand Geothermal Winter
school 2021

80 MW
actual need of heat and
oM natural gas? ~ steam of the conventional
60 MW \ < load yos power plant
peak loa
50 MW .
\/ geothermal system 20 MW
40 MW —_—

r% \ usable energy 18 MW
30 MW \ coverage 69%
20 MW

usable energy heat and steam

__-s-________
geothermal system 30 MW
10MwW base load range TN usable energy 27 MW
oMW coverage 86%
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annual hours
heat+steam Geothermie 20 MW Geothermie 30 MW
ab HKW/EW-Netz Nutzenergie ab FW-Netz |Nutzenergie ab FW-Netz
(18 MW) (27 MW)
useable energy Nutzenergie 203 GWh 140 GWh 175 GWh
coverage Anteil Deckungi 100% 69% 86%

Could the heat demand be covered by geothermal heat production (EGS)?



-«.‘\ i

Ity




Energy infrastructure setting: Heat demand

Geothermal Winter

school 2021

usable energy heat and steam

80 MW

70 MW

60 MW

50 MW

40 MW

30MW

20 MW

10 MW

oMW

actual need of heat and

natural gas?

steam of the conventional
power plant

\

peak load rd

~NO

geothermal system 20 MW

coverage 69%

geothermal system 30 MW

B usable energy 27 MW ¥—_|

238

475
712
949
186
423

annual hours

coverage 86%

8.533

~— usableenergy 18 MW ¥

I dreaming of

™~ unrealistic

useable energy

coverage

Geothermie 20 MW

Geothermie 30 MW

ab Ze;xf;\?va—metz Nutzenergie ab FW-Netz |Nutzenergie ab FW-Netz
(18 MW) (27 MW)
Nutzenergie) 203 GWh 140 GWh 175 GWh

Anteil Deckungl

100%

69%

869

- can the heat demand be covered by geothermal heat production?
- also other renewables cannot cover the full heat demand
- what is the minimum amount of geothermal heat production to be economic?
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New buildings are in a planning stage offering the oppertunity to integrate geothermal and other renewable energy systems in a flexible way




Geothermal Wintel_g o
school 2021 —

Interim summary on the surface structure:

-- existing consumption infrastructure

-- deep geothermal system only for heat production reasonable (around 120°C)

-- flexible infrastructure for energy supply/modular system

-- deep geothermal energy supply is first option for the University as the renewable heat source
-- extensive demand of cooling

-- mixture of building units to be newly constructed and to be restructured
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Introduction
Energy infrastructure setting of the University Campus

Geological setting of the Gottingen region (demo site)

Exploration strategies
- MEET-project: analogue studies, reservoir modelling

- Research well: strategy and public funding

5. Summary and Outlook

Time for questions and discussion: 10 to 15 min
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KARBON

nach U. Nagel u. H.-G. Wunderlich (1969),

Il 9 1 = oK erganzt durch Initiativgruppe Geothermie Gottingen (2006)
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. .S,§IingiLuisgnhaI|: AR T T
F Brine production 4 - o T Potash salt mine Reyershausen ( arond 1900 to 1974)
- from 400 mdepth ’ in about 800 m depth

Reyershausen, Kaliwerk Konigshall-Hindenburg, Schachtanlage Konigshall um 1930: Links die Fabrik, ganzrechis
das Férdergeriist am Schacht Hindenburg; vorne das Férdermaschinenhaus am Schacht Konigshall Slotta 1980
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Geological Setting:

Variscan Basement

sequence of greywacke and
slates, granites, reef carbonates,
diabases

Eckelmann et al. (2014): Gondwana research
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Geological Setting:
Variscan fold- and
thrustbelt

0 75 150 km h h . .
— . : R enq ercyn.la.n belt with
# Goettingen Demosite = Rhenohercynian thrust zones [_] carbonates, limestone, marl, chalk sampling positions

*  Harz Mountains Samples — fault 3 clay, silt and mudstones including both Demosites:
i —— strike/slip fault i i lutonic i . .
§ Feslangg Damoske ——— B irustes el phank loneons Havelange in Belgium and
e Havelange Samples —— strike/slip fault dextral B etamorphic, gneiss, phyllite L ]
e Rhenish Massif Samples — strike/slip fault sinistral Bl meta-sediments and volcanics Gottingen in Germany
T ~— thrust B quartzite together with the
—— country boarders — — Harz-Giessen nappe B sandstone and conglomerates associated outcrop
boundary Bl shale/slate | 't
e analogue sites




Geological Setting: Simplified sketch of the Leinetal Graben
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Shallow geothermal energy systems, W =
1 especially for local cooling,
ption for aquifer thermal heat I e A
storage systems 147C 1 N —H -0 m
“““““““““““““““““““““ N Deckge- \
birge J
30°C 4 —
Medium deep geothermal energy & Zech-gstein ~-1000m
2 systems, local heating, heating pump 2alliney /

Needed, option for thermal

n \
-
heat storage systems \ L -2000 m
. /

—-3000 m

3 Deep geothermal energy Grundgebirge
systems, central heating . 4000 m

150° C
—-5000 m

nach Leiss et al 2011
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Geological Setting:
Isotherms
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Geological Setting:

Seismic lines of
Germany
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GEOPHYSIKALISCHE S
INSTITUY

1898 fondation of the first
Institute of Geophysics

in Gottingen by

Emil Wiechert
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Emil Wiechert
Cemetry Gottingen




-

’ ‘Q‘- g L4 ) e

2t PR A
: 3 d} ;‘_‘b '.‘\'l" 'L.T‘If‘

O e < A-

Wiechert'sche Seismic Station
Gottingen:
Mintrop-Drop-Weight (4 t)

now maintained by Wiechert'sche Erdbebenwarte e.V.
(an association)

Von Gerhard Keppner - Archiv Gerhard Keppner, <a
href="https://creativecommons.org/licenses/by-
sa/2.0/de/deed.en" title="Creative Commons Attribution-
Share Alike 2.0 de">CC BY-SA 2.0 de</a>, <a
href="https://commons.wikimedia.org/w/index.php?curid=
22797947">Link</a>
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Lots of public relations work for societal acceptance done!




Geological Setting: Seismic Campaign 2015

Lot’s of public relations work for societal acceptance done!

Soziologisches Forschungsinstitut Gottingen
an der Georg-August-Universitat

Accompanying
research: SO FI

Erdwarme fiir den
Universitatscampus?

Seismische Erkundung in Gottingen
Frihjahr 2015

#geothermie #wissenschaft #UniGottingen @ GEORGaAUGUSTLUNIVERSITAT UNIVERSITATSMEDIZIN ® UMG

GOTTINGEN

Erdwérme - Energieprojekt mit Zukunft YouTube-Video: https://youtu.be/cRCsrywCoQw

1.128 Aufrufe - 18.04.2017

GOTTINGEN &
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Geological Setting:
Seismic Campaign
2015
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& Geological Setting:
Seismic Campaign
2015

5710000

B . AT

Geologische Kartenblatter 4426 Dransfeld, 4425 Géttingen und 4424 Ebergétzen

Legende

Anregungspunkte Profil "Base 1"

Anregungspunkte Profil "Graben 1" Erlaubnisgebiet
gungspu i ubnisgebi 0 05 1 5
[ — 0 ]

Geophon-Messpunkte Profil "Graben 1"

Geophon-Messpunkte Profil "Base 1"

Length of Lines 10 and 11.5 km:  Basement section: record distance 50 m, vib points 50m
Graben section: record distance 25 m, vib points 25/50m
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Geological Setting: Seismic Campaign 2015 Geou\ermaIWiﬂtew

Deep Seismic Profile GOE_2015 02

Seismic lines not yet published

no specific target definable
(horizon/structure/tectonic unit)
Engineered Geothermal System needed R

T achnit (H st brungan |




oL
Engineered Geothermal System needed!

How to approach the development of such
an unconventional reservoir?



HORIZON 2020, EU-Call: LCE-18-2017:
I I Enhanced Geothermal Systems in
different geological conditions

Multi-sites €GS Demonstration

Multidisciplinary and multi-
context demonstration of EGS
exploration and Exploitation
Techniques and potentials

(May 2018 to October 2021/January 2022)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme und grant agreement No 792037
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Introduction

Energy infrastructure setting of the University Campus
Geological setting of the Gottingen region

Exploration strategies

- MEET-project: analogue studies, reservoir modelling,
recommendations for EGS-stimulations

- Research well: strategy and public funding

Summary and Outlook
Time for questions and discussion: 10 to 15 min
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Campus of the University of
Gottingen is a demo site of

ANEET

Multi-sites €GS Demonstration

Multidisciplinary and multi-context demonstration of EGS
exploration and Exploitation Techniques and potentials
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Multi-sites €GS Demonstration

Exploration: Variscan Geothermal Reservoirs Geou\ermal\Ninteé

:><3 DEMOSITE DEMOSITE
= RHENISH GOTTINGEN HAVELANGE

MASSIF ©—<h
ARDENNES TAUNUS @

pessessenananns

...............

Slate

425

Meta-Greywacke
Quartzite

Quartzite

No Post-Variscan Extensional Tectonics

RESERVOIR SCALE PALATINATE

?UTCROP SNN' FOREST CORNUBIAN
fomemny DEMOSITE DEMOSITE A RANITE ©  BATHOLITHE
g SOULTZ- REDRUTH .
SN SOUS-FORETS i s anamaas Va rl Sca n G eo‘t h e rm a |
¥ .. .
T c Reservoirs in Granitic
- SRy b i 1
e * /7 +/+ N +i+\ L, g and Metasedimentary
i Grani i
% oo e | ,i:/l( Lo, o (unconventional)
VAR ki | R 1 = * Fedwok  Investigation Rocks
Investigation IScaN GRANITIC B SEM d“/f/é On-site tests methods
targets ~ Outorop&samples { 2 Lo
Borehole & cores -._ {IJM@ )) ] . ‘); :fmg;;wExperiments (on samples)
Reservoir model L_ _i o ‘)‘\ SZ y /T __ Modelling & Simulation
' l_T___l . v X S . Trullenque et al. 2018;
Surface infrastructure j_ ! ~, Stimulation Leiss & Wagner 2019




Exploration: Variscan Geothermal
Reservoirs

NNEET s etlm

Multi-sites €GS Demonstration

Demosite: Heat Supply of the
Gottingen University Campus

Analogue studies:

DEMOSITE

RHENISH GOTTINGEN - far-field: Rhenish Massif

MASSIF - near-field: Western Harz Mts.

Rock sampling for lab experiments:
physical properties and long-term
fluid-rock interactions

Meta-Greywacke
Quartzite

Trullenque et al. 2018;
Leiss & Wagner 2019
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Geological Setting:
Variscan fold- and
thrustbelt

0 75 150 km h h . .
— . : R enq ercyn.la.n belt with
# Goettingen Demosite = Rhenohercynian thrust zones [_] carbonates, limestone, marl, chalk sampling positions

*  Harz Mountains Samples — fault 3 clay, silt and mudstones including both Demosites:
i —— strike/slip fault i i lutonic i . .
§ Feslangg Damoske ——— B irustes el phank loneons Havelange in Belgium and
e Havelange Samples —— strike/slip fault dextral B etamorphic, gneiss, phyllite L ]
e Rhenish Massif Samples — strike/slip fault sinistral Bl meta-sediments and volcanics Gottingen in Germany
T ~— thrust B quartzite together with the
—— country boarders — — Harz-Giessen nappe B sandstone and conglomerates associated outcrop
boundary Bl shale/slate | 't
e analogue sites
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S01 141/75
S01 327/47

4’” D, £
‘W

S01 133/53

S01 129/40
501 145/85
S01 320/75 A
F 134/63
12 11 10 9 8 7 6 5 4 3 4 1 0
F118/26
S01 124/43 F124/30 /i
£ 154/30
S01 130/42 F 112/20

F127/34

Mineralised Veins : Greywackes - Shales - Fractureé e Bedding Fault
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(a) D1: NW-vergent folds (F1) associated with synmetamorphic
penetrative axial plane cleavage (s1)

a1) fold hinge, shear at high angle to s0

traces of folded

progressive

simple shear
tectonic block-in-matrix
fabric mainly evolved in the
advanced D1 stage

(shearing and veining) transposed fold structure

a2) fold limb, thrust zone \

syntectonic N Shear bands

mineral growth % N C'-type <_ C-type
Q" N
N \ N
N N N\
\\ \Y \ \
N 28
SHN N
D O 0// NN -
6‘7\
= N N N e
\ N sigma-shaped . \ "
 Dlock N intrafolial
offscraped \fold <

stretched

mineralization blocks

development of s2 , ,
coaxial noncoaxial

s2 transect bimrock fabrics riedel et al. 2019




Exploration: Reservoir characterisation

D2: Development of s2 and associated folds (F2) during retrograde
(b) shortening and shearing. Sustained cataclastic shear deformation
and faulting of bimrocks is related to NW-NNW directed displacement

folding of \
bimrocks

D3: Continued cataclastic shear deformation and faulting
(c) related to strike-slip tectonics and N/S to NW/SE trending folds (F3)

w\ FA/IF2
imbricate stack N

folding of
(multiple folded) t

bimrocks

(inconsistent shear sense:
dextral, sinistral)

Friedel et al. 2019

school 2021

Geothermal Winte%



Exploration: Reservoir characterisation

Hinge Zone (2)

Forelimb (3)

50°-85°

Backlimb low angle (4)

10°-30°

G — Thick greywacke beds with
slate intercalations

MG - Greywacke with thick slate
beds

S — Thick slate beds with
greywacke intercalations

T 17 07 & e ._'.vl.
'y e i tuly (@awoa
8 .o W e Y

Backlimb high angle (1)
30°-50°

| — % Deformation band
O Fault

& Joint

- Slate
|:| Greywacke

after Sanderson and Nixon (2015) X

Node - connection or end point of fractures
Line — the trace of a fracture

Branch — the trace between two nodes

Ford et al. (2021)
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Foreland High curvature Low curvature Long deformation history (closer Hinterland
/ forelimbs: high strain backlimbs: low strain to the hinterland): high strain /v
unimodal (hinge predictable fracture orientations: hinge-parallel
parallel) fracture predictable permeability fracture corridors?
orientations: high high connectivity anisotropy hinge-parallel fractures
consistent permeability (high intensity)

fracture anisotropy hinge-normal
characteristics: frgactures
predictable
fracture

Which combination
of lithological and
s structural/tectonic

bedding .
| setting can be
open fractures: high
permeability, high
inconsistent fracture reservoir p();ten%ial d eve I O p e d as d h S at
variable connectivity characteristics:
(variable intensity) unpredictable exc h an ge r?
dispersed fracture fracture networks /
quartz filled fractures: low  orientations: unpredictable

permeability, poor permeability anisotropy
reservoir potential

Watkins et al. 2018 Thrust transport direction

Conceptional Parametri-
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- MEET-project: analogue studies, reservoir modelling,
recommendations for EGS-stimulations

- Research well: strategy and public funding
Summary and Outlook



Exploration: Research well strategy

Deep Seismic Profile GOE_2015 02
(seismic line not available yet)

no specific target
definable
(horizon/structure/
tectonic unit)

Research well

Well filling =
dead end

Geothermal Win
school 2021

Unorthodox approach:

Target definiton after drilling
follwing the idea to find the most
effective combination of
lithological and structural/ tectonic
setting to develop a heat
exchanger

by considering lateral extension
in a highly anisotropic reservoir
societal acceptance of
stimulation measures
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Exploration: Research well strategy Geou\ermal\Ninte%
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Bottleneck?

Getting money for such a risky research well

Risk mitigation measures?

- completion and optimization of the pre-studies (currently done in MEET)

- considering the conditions of public funding:

,Geothermal enerqgy (research/exploration) well can only be an integrated element in
a complete energy transition concept”
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Exploration:
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Campus 2020
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ANNEET

Multi-sites €GS Demonstration

Analysis of potential scenarios of Enhanced
Geothermal System development for the
Gottingen University campus,

Romanov et al. (to be submitted)

New bottleneck:

The energy supplying planning of the
new buildings and the remodelling of
old buildings need to be opitimized
for geothermal integration to give the
geothermal energy development an
economically competetive standing
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Summary and outlook Geou\ermal\Ninte%

Complex System Surface infrastructure
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Surface infrastructure

i P B

Integrated and sustainable energy supply
including building infrastructure

Bottleneck: Iterative and coupled process needed

Integrated geothermal systems:
shallow, medium and deep systems

Subsurface infrastructure
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Bottleneck
High |
* ~ To bring the project to the next
?-E 3 investment level:
g
z - Project management

- Responsibilities (geoscientists to
building management, working
level to management level to

politics)
T RIS | rencarimestmen
i 5 Well Drilling Plant Construction
Exploration Exploration
Critical Step Speciality in our case:

High exploration risks and high costs

From: https://www.thinkgeoenergy.com/regulation-risk-mitigation-and-adequate-funding-main-ingredients-for-geothermal-development/

Complex System
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A complex system can be seen as a problem,
but in our case, it is a great chance and can be
changed into a challenge.

Developing an integrated energy supplying system
(holistic approach) is the most effective way to
contribute to a carbon dioxid balanced atmosphere!
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Challenge for the scientist: how to deal with the pressure of
the only interest of the (financial) stakeholders:

SWhen and how much geothermal energy for what costs?”

compare with recent situation of virologists:

,When is a vaccine available and when is the pandemic gone and when
can we go back to ,normal” life?”
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Outlook:

lvan Rasjsl: Site-specific environmental and economic
assessment of EGS using Decision-Making Tool (DMT)

Bianca Wagner: Concepts and data sources for mapping
deep geothermal ressoures throughout Europe
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