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Geochemical Exploration Geophysical Exploration

Goal: Identification and quantification of
reservoirs =

12 out of 30 worldwide critical raw
materials occur in geothermal brines

Attractive raw material extraction
rates due to large volumes of
circulated brine in geothermal
plants

Abundance of hydrothermal springs
in Chile (n > 500)

Goal: Identification of valuable
major and trace elements in Chilean
thermal waters and their origin
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Hg Economic potential of geothermal i
brines as raw material source
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Puchuldiza-Tuja

Lithium 61 mg/L
Rubidium 6.7 mg/L
Caesium 15.8 mg/L
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Si02 380 mg/L
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Laboratory studies
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Fundamental extraction approach
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brine extraction

de-silicafication pre-concentration post-concentration selective extraction
—----------------------------------------
P S
A
\
: |
reactive precipitation pressure driven thermaliyldriven
sl reverse osmosis (RO) membrane distillation (MD)

-------—~

heat extraction >
,’ - N .- |

Ca/Mg/si fresh water fresh water
precipitates

TEs
(e.g. Li, Rb, Cs, Sb)

60-90°C

~-------I---

/
~ s’

~_------------------ -------------------_’

electric power generation BrineMine demonstrator

100-200°C

geothermal brine source



Demonstrator Development
agliplsd Hydraulic Design

high pressure

geothermal brine loo MD
20-50l/h % K P distillate
. osing | I
@20bar/70°C - {0] |
OH-, Ca2+ permeate : : [
pre-filter '4 I . [ :
gj ® ' MBI : cooling
= ﬁ RO mldeIe thermostat MD module thermostat
' |
|

PY

precipitate %

filter 2

D —

filter 1

N

sludge

Si- reduction (single or double stage reactor)<> solid separation pre concentration post concentration
reactive precipitation filtration reverse osmosis membrane distillation

pre-treated

Li-rich

concentrate

brine
buffer




Demonstration Site Conditions

Showcase Upper Rhine Graben (URG) -> Geothermal Power Plant Insheim

parameter unit Insheim inflow power generation with
i i [2
oH : 5 3 organlc(roa;g)ne cyc
temperature [°C] 57 B
TDS mg/L 105255 el.nom. !

~160°C demo plant
Li+ mg/L 164 access point
\E¥ mg/L 28937
K* mg/L 4290
2+
Ca mg/L 7566 S particle
Mg2+ mg/'— 119 filter S filter
Sio, mg/L 186 |
cl- mg/L 63692 ex;rl;arcr:]t;on
SO,* mg/L 143
Br mg/L 179
_ extraction from reinjection to
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Demonstrator Prototype (1st Generation )

Commissioning and Field Test

Flexible, automated test rig

Assembly and pre-
commissioning in workshop at

Fraunhofer ISE, Freiburg

Transport to Power Plant

Insheim (URG)

Test phase: July/August 2020

.

Modular two-stagé preci'pitation
reaction system with flow control
and dosing control

test rig




912 Final Demonstrator (2nd Generation)
f[s] Commissioning and Field Operation

o]

Switch cabinet, controls and data Dosing station Reactor (CSTR)
acquisition

4 7

« Transport to power plant

Insheim (URG)

« Initial commissioning and test

phase: Febr./March 2021

Neutralization tank RO pressure vessel Continuous band filter MD-membrane sta.ck faapast
concentration



Demonstrator Operation S
Impressions Setter.

Band filter for continuous
precipitate extraction
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Thermal brine inlet reactor Dosing reactants




Continuous Operation of Silica Precipitation
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Post Concentration of Brine with Membrane Distillation
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15y Conclusions

There is an enormous potential for raw materials in thermal
waters and further exploration will bring even more to light.

A treatment strategy for controlled silica precipitation was
developed from scratch and transferred to a large scale
prototype.

The prototype could reproduce the approach in a fully
operating geothermal power plant with highly corrosive
brines making an enrichment of raw materials possible.
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