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Injection hot water

Top aquitard

Middle aquitard |

Bottom aquitard

Figure 1 Schematic overview of the situation modelled in this study and the processes present
with in this case ambient groundwater flow in the overlying aquifer. Note that the thicknesses
of the layers do not correspond with the thickness of the layers modelled.

Master thesis - Mark Diederen 2019
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optimalni L/R,, = 1.5
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Topview

Bloemendal&Hartog 2018
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ATES - ucinnost a citlivost

Efficiency 8th year —
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hranice “zlepseni” (tj. 100 000 m3) pro AT = 25°C
odpovida ulozenému teplu c. 10 000 GJ = 3 GWh
— tzn. tfeba injektovat c. 6.5 |/s po 6 mésicu

Anisotropy a = k,/k,
Geerts et al. 2025

Water injected (m3), porosity, T injected, T ambient

Aquifer thickness (m), hyd.conductivity (m/day), anisotropy

Table 5 #, (in %) at year eight of the simulation for each design of experiment data point

The green color refers to higher 1, values, where the red color refers to lower r, values

1 20 62 | 105
Ky 1 43 85 1 43 [5 1 43 85
a | 1 |50[100( 1 |50{100] 1 [50(100] 1 {50100 l|$0 100( 1 [50|100| 1 [50{100[ 1 |50{100| 1 |50{[100
Vi [n |Ti|Ty |
25]063636356636348626362626248|62623562625‘.’S7 57| 47| 57| 57| 38| 60| 57
521063636329586] 49| 57| 61[ 62) 62 [NL] 60| 62 BN 56| 60 56| 57| 57 56| 57 BN 54| 56
0.1 30| 63| 63| 63| 36| 61| 62 58| 61| 62) 62) 62| 1) 62| 62 60| 62| 57| 56| 57| L] 57| 5TQRE] 56| 57
EID 60| 63) 63 [ 1] 40| 51 8E 38| 55| 62| o2 WA 50| 57 39| 50| 52| 57| 57 51| 55 44| 51
30| 62| 63| 63| 41 49| 57RLS 35| 47| 59| 63) 63 @H 56| 60 47| 56| 55| 68| 57 54| 56 50| 54
25(10 0| 70| 62| 69| 69| 53| 69| 69| 65| 63| 65 51| 65| 65| 38| 65| 63| 59| 59| 59| 50| 59 59| 41| 59| 59
52]069'"]70326467 | 54| 63| 64| 65 65 63] 65 JEJ 59| 63| 59| 59| 59 58| 59 56| 58
1ed|0.2|77[30] 70| 70| 40 68| 69| 30| 63| 67| 65 65 63 64| 65 63| 65| 59| 59| 59 59| 59 58| 59
mlﬂﬁ'} 68 70 44| 55 30| 42| 58| 65 63 53| 60 42( 53| 55| 59| 59 54| 57 47| 54
30| 68| 70, 70 53| 62 39| 52| 62| 66, 66 [N 59 63 Y 50| 59 57| 59| 59 56| 58 52| 56
25(10) 05 55 67| 67 67|53 67| 67 40) 67| 67| 61| 61| 61| 52| 61 61| 43| 61| 61
;IO 3367 71 57| 66| 66| 67, 67(F[] 65 67 61| 65| 60| 61| 61 [FF] 60/ 60 58| 60
03 30 41 71 31| 66| 71| 67| 67 67| .| 67 67 1LY 65 67| 61| 61] 61| 28| 61 61 60| 61
EID 46| S8 LT 31| 44| 60| 67 67 55| 62 44| 55| 57[ 61| 61 55| 56 49| 55
30 56| 65005 41| 54| 63| 67 67 LN 61| 65 BH 53| 61| 59| 61| 61 [@0) 58/ 60 BN 54| 58
2510 83 83 8 85 B3 EE] 83 83 82 &2 827 82 82 [EF] 82 8
;IO 63 54| 66| 710 f g 8 71 81 82 B 9 8 80
0.1177|30 69 62| 81 83 83 £1] 82 8 8 81 82 82 82[E7] 82 82 19 80 8
EIO 48| 5B 65| 38| 45( 52 8 60| 71 41| 59 82 8 1] 68 53| 67
30 53| 65| 70| 42| 53| 61 [ D ER i 700 REY S6| 70 83 8 80 65
25[ 108 82 81 B2 8 0 82 8 8 8 Ef] 85 85 84 84 B4 |[f] 8 4 K5 84 8
;m B2 82| 82 53078 20 IR0 8 k3] 80 80 83 84 B 8 4 8
1e5(0.277[30) 2w BO 81 [ 80 8 417 v 80 83 83 84 84 kX 83 8 0 81 8
Elu:115162694l4856‘:‘ 163 45| 62 g4 8 70 57| 70
k1 82 83 83 BN 45| 57| 65 LR B0 59 80 84 8 8 N 67
PXIEL 85 85 85 83 BR 86 81 84 B4 9 6 86 6 86 ] 86 86 B4 8 4 ) 84
;m. 85 85 (180 82 K3 86 86 [Eil| 82 84 8 : 8 478 8
[k kil 85 85 8 B3 84 iy] 79 82 86 8% 86 ¥ 8 6 1] 82 84 84 k7] 84 84 82 84
EIO. 85 85 EHEZINIIEXENET] 80 86 26 18 [ 48| 65 R6 9 591 7N
30SIEEIEY 58| 71) 77 46| 59| 67 FEFTRT : 62| 74| : 882 o[
pAJ[T] 82 82 82 81 81|81 81 81|81 89 90 8 9) '83 89 90 9 91 [84 90 9 9
;IO 82 82 8 0 80 8 9 79 89 90 3] 85 s_ EglT@ 84 9 91 ] 00 [EF] 82 8
[Almkll] 82 82 82 80 81 81 79 80 B0 89 9 89 3] 8 90 89 91 3] 90 91 g 87 90
EID. 83 & S| 69 71 89 LU 510700 ] 39) 54| 66 1 AN 31 8 57
kli] 83 8 9 80 00 ] 78 84 ERiN 89 01 X} 81 8 70| -
25'0 R Q 26 6 86 B 26 6 9 0 % Q 8 0 88 ) 8 Q 0
PRIY 87 87 87 84 88 858 4 9 9 90 [EgJI81 86 9 2l 50 91 [Ef] 8
L [OwApmmEtl] 87 87 87 85 B6 86 B4 9 8 91 K 8 0 9 92 o1 E¥] 89
Em. 87 87[79 818 9 91 5 1 39] 55] 69 92 K7 24 60
300 8 83 84 9 80 9 91 |13 80 86 XIS 78 9 92 [EX] 83 88
FEIT 89 80 R 8 O 0 V) g 8 g 9 ) £ 0 9 0
;IO 89 89 86 84 6 9 8 90 ] 82 87 9 92 51 o1 [y 8
03 kll] 89 8 8 84 9 y 3 92 Eyl 88 90 9 el 63 el 47
EIO 89 89 | 8 84 80 9 92 (K] 82 BRI L 89 9 0 65|
k] 89 89 86 83 9 3 sl 43| 70) 0K 02 [EX] 84



WM Financovano
U Evropskou unii

ATES - tc¢innost a citlivost PUSH@” "

Sensitivity
0 2 4 6 8 10 12

Injected water volume per period

Temperature of injected water
Anisotropy (conductivity hor/ver)
Horizontal hydraulic conductivity
Ambient groundwater temperature
Porosity of aquifer

Thickness of the aquifer

Results of the DGSA with their uncertainty. A value below 1 means that the parameters does not

significantly impact the 5,
Geerts et al. 2025
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Direction groundwaterflow -- =R,;, after displacement NO=R,,

Bloemendal&Hartog 2018
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3D View of the boreholes
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| Fan arrangement] BEGEB | 4Arc arrangementfi CiEiSerial Connection 19-+18

Basalt 160 m

G1 Granite‘ 430 m

Krusemark et al., 2025

Granodiorite 1000 m
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Asan et al., 2025
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Asan et al., 2025



BTES a proudeni

100 o o o
Cl 5" 5
80 ‘ o .
g ° u 2 .. L ..
) 60 u C ® o
& u .
B . .

& 40 i . . . n
= o B «® %
20 . :

1 * Free Heating Time Ratio . "
¢ Free Heating Energy Ratio .
0 Cl C2 C3 C4 C4 . :
Configuration ‘e

Asan et al., 2025

5th year, for 1.3 m/month
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Site Research TES Status TRL! Well Aquifer type Number Flow Temperature Temperature | Thermal Modeling
project type depth [m] of wells rate —cold Warm capacity software
[1/5] storage storage [MW]
[°C] ["C]
Leipzig—Wissen- ~ KONATES, HT- Test site 4-5 10-15 Sands and gravels 2 0.2 10 70 - OpenGeoSys
schaftspark SpeicherCity ATES
Mannheim? PotAMMO HT- Feasibility 3 150 Quaternary, Upper =2 ~35 ~40 ~00 ~15 Petrel. FE-
ATES Tertiary: porous FLOW,
aquifers possi- MOOSE.,
bly confined with Dymola
consolidated and
unconsolidated
sediments
Munich—greater SpeicherCity HT- Feasibility 2-3 2300-2800  Carbonate rocks 2 ~100 95 140 ~19.5 GOLEM/
area (German ATES MOOSE
Molasse Basin)
Offenbach? PotAMMO HT- Feasibility 3 Up to Tertiary, =2 ~28 ~40 80-120 ~10 Dymola,
ATES 1000 Rotliegend: porous FEFLOW,
aquifers possi- MOOSE,
bly confined with Petrel
consolidated and
unconsolidated
sediments .
Berlin—Adlers- GEOFERN, HT- Feasibility 3—4 410 Fine sands 1 ~2742  ~20 95 ~10 GOLEM/
hof SpeicherCity. ATES MOOSE,
GeoSpeicher PHREEQC,
Berlin, PUSH- FEFLOW

IT




