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Today’s talk

v

Motivation & Problem definition

v' Model setup (technical and geologic)
v" Numerical experimental design
v Preliminary simulation results
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Geological (2D and 3D),
stratigraphic, hydrogeological,
and geothermal information,

along with resources distribution

' Identification of parameters for
suitability/feasibility maps;
National and local constraints;
Creation of traffic light maps

Numerical Model

Thermo-hydraulic interaction

between neighboring BHEs of

low thermal power (< 30 kW):
Modelling and Simulation

Dataset Exploration

Data organisation and
information standardisation;
Identification of inconsistencies;
Data processing (e.g., GW depth)

Geothermal Potential

Data processing and
transformation;
Harmonisation across

administrative boundaries;

Geothermal potential maps
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IN THE LAST DECADES, THE UTILIZATION OF SHALLOW-GEOTHERMAL ENERGY IN GERMANY HAS
STEADILY RISEN
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Near-surface geothermal energy projects in Germany
(number of heat pumps 2000-2020)
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UNDERSTANDING THE THERMO-HYDRAULIC INTERACTION OF BHES

MOTIVATION

SHALLOW GEOTHERMAL INSTALLATIONS OF SMALL THERMAL POWER (<30KW) FOR SINGLE HOUSES AND GENERALLY
SMALL-SCALE HEATING PURPOSES DO NOT REQUIRE DETAILED THERMAL-HYDRAULIC MODELLING BY STATE GEOLOGICAL

SURVEYS IN GERMANY.

» WHAT ABOUT THE LONG-TERM THERMO-HYDRAULIC INTERACTION BETWEEN BHES UNDER DIFFERENT GEOTHERMAL
AND HYDROGEOLOGICAL CONDITIONS?

» WHAT ARE THE CONTROLS ON THE LONG-TERM PERFORMANCE OF SUCH FIELD OF INDIVIDUAL, SMALL-THERMAL-
POWER BHE-UNITS?

> OPTIMIZATION?
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FIELD OF BHES OF SMALL THERMAL POWER (< 30KW) - IRREGULARLY DISTRIBUTED

N AN * AA
AN A A AL
AN A A AMAR2
AA  A,, A A
s Aa & A A
A A A
AA A A
FAAN
AN
A fha M2
&
has AA Ad AA% ad BHES depth
A A 70m
AA A Ad A 7sm
/A 80m
AA N A 90m
A A 99m
A A 120m
0 30 60
[ ——
Meters

05.12.2023

Georg-August-Universitat Gottingen

COLLABORATION WITH LBEG (STATE
AUTHORITY FOR MINING, ENERGY AND
GEOLOGY) IN LOWER SAXONY

REAL FIELD COMPRISING 88 BHES



VERTICAL PROFILE — IMPACT ON HYDRAULIC AND THERMAL PROPERTIES

Depth BHEs (m)
70

75
80
90
99
120

444«

Lithology

> d . .
Glacial till
Pleistocene sands

E Tertiary silt/clay

Depth (m)

v _Groundwater level

Saturated zone

Meters
I
0 30 60

05.12.2023 Georg-August-Universitat Gottingen



GEOTHERMAL — THEORETICAL TEMPERATURE DISTRIBUTION OVER DEPTH AND TIME
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MODEL SETUP AND PHYSICAL PROCESSES
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COMSOL MULTIPHYSICS — PROBLEM SETTING
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BUILDING THE BHES- SELECTION OF INLET AND OUTLET TEMPERATURE IN COMSOL MULTIPHYSICS

LOWER PART

UPPER PART
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AUTOMATISATION OF BHE CONSTRUCTION AND SELECTIONS VIA CODING

[@] Preview method2 method3 X redefineSelections:
1 double[][] coord = readMatrixFromFilel"PositionenundTicten. prn”);
2 int[] size = motrixSize(coord);
3 dint N - sizefel;

5 5 for (int i = @; i < Nj i) {
7 double x = coord[i][e

8 double y = coord[i][1
double depth = coord[i1[2];

create("pi"+i, "PartInsta
~Feature (“pi ). set(

/4 Input Parameter setzen:
model. component(“conpl”) . geom(

coml”) . feature(

1%) Feature (“pited) . setEntry(“inputerpr,
"yPart”, y);

1%) Feature (“pitei) . setEntry(“inputerprt,
“zPart"”, depth);

model . companent(“conpl") . geom( g

model . companent(“conpl") . geom( g

J/Selections einstellen
model. component (“conpl”) . geom( “geoml”) .feature("pi“+i).set("selkeepnoncontr”, false);
model. component (“co Feature("pi’+i).setEntry( selkeeppnt”, “pisi+
model. component (“conpl”).geom( “geoml ") . feature (“pi +i).setEntry("selkesppnt”, "pivsis’_sel2”, true);

true); //Explicit Selections fir In/Cutlets einzeln behalten

“pit+i+_sell”,

model. component(“conpl”) . geom( “geol i
model . component (
model. component (“co
model. component (“co
model . component(“conpl”) . geom(“geonl ) . Feature("pi ). setEntry("selc
model. component(“compl”).geom( “geonl”) . Feature("pie”).setEntry(“selcontributetoeds”,

17) . feature ("pi“+i).setEntry("se
17) . feature ("pi“+i).setEntry("se

JiCreate Operators
model . conpanent ("

P1").cpl(). create("outlet"+i+"_avg”, "Average);
model . component{ "compl”) . cpl(“outlet"+i+"_ave").selection().named("g=oml pi"+i+" sel27); //Explicit Selection aus PI
model . nodeGroup( "grp2").add("cpl®, “outlet'+is’_avg");

model . conponent(“conpl”) . cpl(). create(“outlat ' +i+"_int”, “Intezration”);

model . conponent(“conpl”) . cpL(“outlet +i+”_int").selection().named("geonl pitri+’ sel2
model . nodeGroup( “grp3”).add("cpl®, “outlet +is’_int”

5 [/Explicit Selection aus PT

J/Set Variables
model . component (
model. component (

p17).variable().create( variables +i);

01p1").variable(“variables'+i).selection().named(“g=onl_pi“+i+” sel1); //Explicit Selection aus PT

outlet™+i+"_ave(T2)");

model. component (“conpl”).variable(*variables +i).set("T_out”,
model. component(“conpl”).vardable(“variables +i).descr("T_out",

model. component(“conpl”).variable(*variables+i).set("dT*, "P_local/htp.Cp/Q local”);

P
model. component(“conpl”).variable(*variables+i).descr("dT",

¥

")

model . component  “conpl”) .vardable(“variables"+i).set ("P_Local”, "localPouer("+is,
model . component(“conpl”) .vardable("variables"+i).deser("P_local®, **)

outlet"+i+"_int(ntp.A*htp.u*htp.rh
PR

ariables+i).set(
ariables”+1).descr("Q Lo

model. component(“conpl).variable
model. component(“conpl).variable(

onp1").variable(“variables"+i).set (“T_in", “T_out+dT");
p1").variable(“variables +i).descr("T_in", “");

model . component (
model. component (

model . nodeGroup(“grp4” ). add (“variable”, “variables +i);
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3-D IMPLEMENTATION IN COMSOL MULTIPHYSICS
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MESH STUDIES TO ADEQUATELY REPRESENT HEAT TRANSPORT MECHANISM
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FINAL OPTIMIZED MESH
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REGULARLY DISTRIBUTED BHE ARRAY FOR OPTIMIZATION PURPOSES
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AREA OF THERMAL INFLUENCE WITHOUT GROUNDWATER FLOW

~Tme=7390d

degC degC

_J_L;ne: Temperature (degC) Contour: Temperature (degr

13.8
13.3
12.9
12.4
12

11.5
11.1
1 10.6
10.2
9.75
9.3

8.86

5.3

IEEEEE

5.25

—

5.2

5.15

1
1

lylvv ——
VL2 3 A i

[ 7.96
7.52
7.07
6.62
6.17
5.73
5.28

5.05

i
55
|
w
CIrrTd

05.12.2023 Georg-August-Universitat Gottingen

841 -



AREA OF THERMAL INFLUENCE WITH GROUNDWATER FLOW
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DOMAIN OF THERMAL INFLUENCE WITH GROUNDWATER FLOW
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SUMMARIZING REMARKS & OUTLOOK

®  SEVERAL NUMERICAL EXPERIMENTAL DESIGNS HAVE BEEN CONSIDERED

=  DETAILED IMPLEMENTATION OF A COMPLEX, REAL FIELD OF INDIVIDUAL BHES UNDER DIFFERENT GEOTHERMAL
AND HYDROGEOLOGICAL CONDITIONS

®  FIELD OF REGULARLY DISTRIBUTED BHES HAS BEEN SETUP FOR OPTIMIZATION AND GEOTHERMAL POTENTIAL
ASSESSMENT

®  PRELIMINARY SIMULATION RESULTS SHOW LONG-TERM THERMO-HYDRAULIC PERFORMANCE OF REAL FIELD OF
LOW-THERMAL-POWER BHES

®  FUTURE CONSIDERATION OF CYCLIC RECHARGE AND FLUCTUATION OF WATER TABLE

= UPSCALING TO LARGE REGIONS IN GERMANY
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Thank you for your attention!
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