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A new life for underground mines: The Reiche Zeche
Geo-Lab for in-situ simulation of mine thermal energy storage
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Waste heat? (cold)
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Enabling
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R

Delft Berlin
ATES ATES
200-300m 1000m
United Downs Darmstadt
MTES BTES
500m 750m
Bochum Litomerice
MTES BTES
120m 100 - 500m
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Underground Thermal Energy Storage (ATES/MTES) in Germany 1@@“3‘“[3

NT-ATES
ANGUS + Rostock HT-ATES

ANGUS I Neubrandenburg

3 ‘® .
[0 1l MEA TN N

ofo HTATES .- HT- & NT-ATES
Lineburg i . Ly
[https://www.wur.nl/] heat . L ]
exchanger cl Mitteltiefe “
Aquiferspeicher .
m Norddeutschland® ,TS-ATES Berlin*
" ® NT-ATES
.Bonner Bogen"”
groulzvde\n:ater grou':vd::_ater
.Deepstor"
Rules of the game: p
: . : . " T
« Reservoir and heat exchanger should remain functional GeoSpeicherbw BMW Dingalingen
* Pumps, pipes, equipment, and plants should have a sufficiently long
Sewlce |Ife W Research project ® Active @ Planned @ Inactive

* Sustainable energy storage (long-term, reliable, low-maintenance,
cost-effective)
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In-Situ laboratory — sensor array installation @mﬂﬂmfs

Thermal conductivities

(HotDisk method)

Rock ~ ThermoCement
~ 3.0 W/ (m-K)
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Insulation
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In-Situ laboratory — monitoring platform NeATES
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Spalt Folie-

In-Situ laboratory — temperature sensing

Heat transport into rock was
observed on all sensors.
Numerical model to be used to
quantify recovery efficiency.

Left wall Range of temperature changes, Right wall
10 at around 0.2 meters in the wall

Temperature difference (K)
Temperature difference (K)

2 2
0 0
73 143 213 283 44 114 184 254 25 95 165 235 73 143 213 283 44 114 184 254 25 95 165 235
Time Time
—L15-125—L35—L45—L 55— 65 —L 75 —L 85 —L95 —R15 R25—R35—R45—R55—R65—R75—R85 R95
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Spalt Folie-

In-Situ laboratory — temperature sens

S
Q

Heat transport into rock was
observed on all sensors.
Numerical model to be used to
quantify recovery efficiency.

Left wall Range of temperature changes, Right wall
10 at around 0.4 meters in the wall

Temperature difference (K)
Temperature difference (K)

0 0

73 143 213 283 44 114 184 254 25 95 165 235 73 143 213 283 44 114 184 254 25 95 165 235
Time Time

—L14 - 124—1.34—L 44 —L 54— 64 —L74—L84 L94 —R14-R24—R34—R44—R54—R64—R7.4—R 84 —RO4
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Spalt Folie-

In-Situ laboratory — temperature sens

S
Q

Heat transport into rock was 2 Y3
observed on all sensors. g 9|
. CE
Numerical model to be used to g o2
quantify recovery efficiency. e
Left wall Range of temperature changes, Right wall

10 at around 0.8 meters in the wall
< 93
> 8 i
£ 6 £ 6
o =}
o g
S 4 8 4
a a
5 5
— 2 — 2

0 0

73 143 213 283 44 114 184 254 25 95 16,5 235 7.3 143 213 283 44 114 184 254 2.5 95 16,5 235
Time fime
—L 1.3 L23 —L33 —L43 —L63 —L 73 —L 83 L 9.3 —R 1.3 —R23—R33—R 43 —R53—R6.3—R 7.3—R 83 —RS9.3
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Spalt Folie-

In-Situ laboratory — temperature sens

S
Q

Heat transport into rock was - -
observed on all sensors. g |
Numerical model to be used to E:gv Z”:
quantify recovery efficiency. ===
Left wall Range of temperature changes, Right wall
10 at around 1.2 meters in the wall

Temperature difference (K)
Temperature difference (K)

2 2

O O =

73 143 213 283 44 114 184 254 25 95 165 235 73 143 213 283 44 114 184 254 25 95 165 235
Time Time

—1L12 122 —132—L42 —1. 52 —1.62 —L72 —L82 92 —R12-R22—R32—R42—R52—R62—R72—R82 RO92
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Spalt Folie-

In-Situ laboratory — temperature sens

S
Q

Heat transport into rock was
observed on all sensors.
Numerical model to be used to
quantify recovery efficiency.

%
| HL&]HLQ.] 1.8

Left wall Range of temperature changes, Right wall
10 at around 1.8 meters in the wall

Temperature difference (K)
Temperature difference (K)

0 0
73 143 213 283 44 114 184 254 25 95 165 235 73 143 213 283 44 114 184 254 25 95 165 235
Time Time
—111 121 —L31 —L51 —L 8.1 —R11 —R21 —R41 —R61 —R71 —R 81 —RO9.1

5 GAK.
Dr. Alireza Arab | TU Bergakademie Freiberg | Hydrogeology and Hydrochemistry zewa'?'iﬁ & ;;&%jo%
e &8 A

A new life for underground mines (TES) — Kassel24 — 03.09.2024



12

In-Situ laboratory — temperature sensing

* Heat transport into rock was observed on all sensors.

* Numerical model to be used to quantify recovery efficiency.

Left wall

=
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=
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=
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temperature difference [K]
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’9/- o
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temperature profiles, left wall- hole L1
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: fineATES
Mine water Freiberg Gneiss: quartz, plagioclase, potash feldspar, biotite, and muscovite i@‘/\

UNC : : IAP
e Sister project SI = log(—-)
_ _ _ S IAP: ion activity product
Mineral dissolution/precipitation K: solubility product (25 °C)
6
S| > 0 precipitation

5 S| < 0 dissolution
o4
O)
23
c
o 2
©
=
I
? 0

’ 0 20 30 40 50 60 70

-2

Temperature (°C)
e Goethite * Hematite Lepidocrocite e Quartz e Pyrolusrite (MnO2)
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: MineATES
Mine water Freiberg Gneiss: quartz, plagioclase, potash feldspar, biotite, and muscovite i@‘/\

UNC : i [AP
e Sister project SI = log(?)
_ _ _ o IAP: ion activity product
Mineral dissolution/precipitation K: solubility product (25 °C)
6
S| > 0 precipitation

S S| < 0 dissolution
o4
(O]
23
C
o 2
©
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Temperature (°C)
—Goethite —Hematite Lepidocrocite —Quartz —Pyrolusite (MnO2)
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Mine water * Determine how much iron precipitates and in which form

* How to “UnClog” !

oS Sister project

jis

-

y 'i 3 ] -

e

4 days 60 °C

NS

= 13

Lab experiment

Fe

3days5°C & ; Mine water 11 °C

7 T
Heated up

20 cubic meter - prec.
(Sludge 70:30)

22.37 (mg/L)
2.01 (mg/L) (avg.)

0.66 Kg
(1.53 Kg)
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Fe conc. (mg/L)
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Dissolved iron concentration
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In-Situ MTES Fe
Mine water 11 °C 22.65 (mg/L)
Heated up 2.42 (mg/L)
20 cubic meter - prec. 0.65 Kg
(Sludge 70:30) (1.52 Kg)
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