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Challenge and Project Concept ﬂ(".

@ Increase of energy output from deep geothermal production
® Stretching AT by lowering reinjection temperature
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Challenge and Project Concept .|
Hydro(-bio)chemical Constraints % 14 ‘.\g@
E 12 N
® Higher perturbation of the chemical system £ w0 | ¢
with increasing AT, Ap, Ax,... *g 8- gy:gg:;:g;}on/
m Larger potentials for § 7 undersaturation/
® Mineral precipitation (scaling) . dissolution
® Degassing e e ol = @ =
® Biofilm formation Temperatur [°C]
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Project Approach

@ High density hydrochemical
data acquisition over large
parameter range

® T p,x pH, q, Re,...

@ Training of Al and adaption
of thermodynamic data

® Scaling, degassing, biofilm

® Implementation of Al- and
modelling-based digital Twin

@ Constrain the chemical
system
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MALEG Digital Twin

Al techniques Modelling

& O

Data acquisition @ Plant Control

MALEG
Plant Hardware-Twin
(T, p, x, pH, Re,...)
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ERA-Net Karlsruhe Institute of Technology

|

~ Fraunhofer
ISE

Q”I)Hydroisotop
O Geosaic

B Joint ERA-net & GEOTHERMICA project
® Funded through BMWK
@ Total project volume

® 1.8 mio €
w2022 - 2025

Ein Unternehmen -
() der Stadt UnterschieiBheim F E R NWA R “ E
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Project Locations ﬂ(".
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UnterschleiBheim, Germany L

Ein Unternehmen

O der Stadt UnterschieiBheim . Eala ru5
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Geothermie UnterschleiBheim AG

i Germany
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Czech Rep.
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MALEG Hardware-Twin Z Fraunhofer  S\JCJT

lSE Karlsruhe Institute of Technology

® Hardware-Twin was constructed
and tested at the Fraunhofer ISE

u [nstalled at the geothermal heating
plant in Haag (A)

@ Coupled to the plant directly

® |n continuous operation since three
month

® First monitoring/experiments are
underway

@ Bio-film growth
® Impact of temperature/flow rate due
to seasonal demands changes '
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MALEG Hardware-Twin Fraunhofer S(IT

Feat u r eS I SE Karlsruhe Institute of Technology

& Control of operation parameters
® Flow rate
® Temperature

SIEMENS SIMATIC HMI

[ 31.01.2024 09:38:27

| Pressure 'Er T , 3 [452 Cl AS13 [448 CIASH [441 CIAS].S p155 O
® Residence time , ﬁ@ T g T $q i 8
® Fluid velocity el Ty |
® Dosage of chemicals ' = m] o
. . . g [ -lSlr,fl-mV [ 0,3 |:nS,-‘cm 355 =
® Measurements and quantifications | “f;‘:so E: 03
® Temperature, pressure, flow )1# s = [s802]
® pH, Redox — ; %E g ! i
’ |Myj @[550 c]@[szscl@lsm )

—> Mineral precipitation
—> Bubbling point
- Bio-film
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Prozess Autosampling  Sensorik Aktorik Konfiguration Meldehistorie
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Monitoring ¢ Hydroisotop NCIT

Sam p I i n g an d An al yti CS Karlsruhe Institute of Technology

® Monitoring of the chemical systems at
the project locations at normal
operations

a Sampling and analysis of fluids, gases
and solids in the experimental phases
@ [dentification
@ Quantification

u Creation of “large” datasets

& [dentification and continuous
measurements of “proxy” parameters

T : ;-;L,.-JL{L.IJ.)LL}J h,»h,:h.Ah
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MALEG Digital-Twin

Thermodynamic modelling of mineral saturation/scaling

® Goal: Improvement of thermodynamic

scaling prediction modelling in geothermal
environments :
® Validation of thermodynamic data sets for ‘°
scaling minerals versus lab data
® Compilation of a valid “scaling minerals”
thermodynamic database
® Compatible with PhreeqC :
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MALEG Digital-Twin QAUT

Thermodynamic modelling of bubbling point Korbune Instute of Technology

® Assessment of modelling

performance for the determination of 16 ] % .&“::Z.“Ji‘f,im
the bubbling point .
4 PHREEQC.dat
@ Testing of existing thermodynamic ="
data sets versus onsite 8 10 " . PITZER dat
measurements 2 e
2 °] - =
7)) 4 arbfix.dat
sl &
o A : &
- Highly deviating results 4- . * ¢ .L’L‘i’"‘“’""“‘
] 2
. - L4 .
- Non-systematic offsets i -3 o ¢ Geothermal dat
o I I I 1 I I I I I I
> Strongly Site-dependent PP1 PP2aPP2b PP3 PP4 PP5 PP6é PP7 PP8 PP9
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MALEG Digital-Twin

Advanced Statistics and Machine Learning

@ Are machine learning methods
applicable to hydrochemical
datasets?

® Challenges
@ Small data size

® Very large number of parameters
(e.g. chemical elements)

® Large variation of concentration
(over many orders of magnitudes)

® Unfavourable concentration
distributions

a...
® Yet very good first results
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Conclusions .\\J(IT

stitute of Technology

® MALEG Hardware-Twin constructed, tested and in continuous onsite
operation in Haag am Hausruck

B First experiments are conducted and ongoing

® New thermodynamic data base for scaling minerals under
geothermal conditions compiled and validated

® Application of Al methods on hydrochemical data sets tested and
adapted yielding promising very results

Next steps

B Large scale data acquisition experiments
® Training of hydrochemical Al
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