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Data processing and 
transformation; 

Harmonisation across
administrative boundaries;
Geothermal potential maps

Geothermal Potential

Dataset Exploration

Geological (2D and 3D), 
stratigraphic, hydrogeological, 
and geothermal information, 

along with resources distribution

Data Collection

Identification of parameters for
suitability/feasibility maps;

National and local constraints;
Creation of traffic light maps

Traffic Light Map

Thermo-hydraulic interaction 
between neighboring BHEs of 
low thermal power (< 30 kW): 

Modelling and Simulation

Numerical Model

Data organisation and 
information standardisation;

Identification of inconsistencies;
Data processing (e.g., GW depth)

WärmeGut (UGOE) 

Today’s talk

 Motivation & Problem definition

 Model setup (technical and geologic)

 Numerical experimental design

 Preliminary simulation results
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IN THE LAST DECADES, THE UTILIZATION OF SHALLOW-GEOTHERMAL ENERGY IN GERMANY HAS

STEADILY RISEN

The demand for groundwater 
heat pumps increased by 
93% from 2021 to 2022

Geothermal heat pump sales from 
2016 to 2022

Bundesverband Wärmepumpe (BWP)

Near-surface geothermal energy projects in Germany 
(number of heat pumps 2000-2020)
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UNDERSTANDING THE THERMO-HYDRAULIC INTERACTION OF BHES

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?

MOTIVATION
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FIELD OF BHES OF SMALL THERMAL POWER (< 30KW) - IRREGULARLY DISTRIBUTED

 COLLABORATION WITH LBEG (STATE

AUTHORITY FOR MINING, ENERGY AND

GEOLOGY) IN LOWER SAXONY

 REAL FIELD COMPRISING 88 BHES
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VERTICAL PROFILE – IMPACT ON HYDRAULIC AND THERMAL PROPERTIES
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GEOTHERMAL – THEORETICAL TEMPERATURE DISTRIBUTION OVER DEPTH AND TIME

D
if

fe
re

n
t 

d
ep

th
s

o
f

n
eu

tr
al

 z
o

n
e

DIFFERENT SUBSURFACE TEMPERATURE SCENARIOS
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MODEL SETUP AND PHYSICAL PROCESSES

 DOUBLE U-TUBE PIPE ASSEMBLAGE, HIGH-DENSITY

POLYTHYLENE PIPES

 WORKING FLUID (MIXTURE OF WATER AND 20-25% 
ANTIFREEZE) – PRESSURISED TO 2-3 BAR

 VERTICAL BOREHOLE (CYLINDER) – BENTONITE-CEMENT

MIXTURE

 POROUS MATERIAL
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COMSOL MULTIPHYSICS – PROBLEM SETTING

 HEAT TRANSFER IN PIPES

 HEAT TRANSFER IN SOLIDS / POROUS MEDIA

 PIPE WALL HEAT TRANSFER (MULTIPHYSICS)

 DARCY LAW AND RICHARD‘S EQUATION

 UNCERTAINTY QUANTIFICATION AND OPTIMIZATION
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BUILDING THE BHES- SELECTION OF INLET AND OUTLET TEMPERATURE IN COMSOL MULTIPHYSICS

UPPER PART

LOWER PART
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AUTOMATISATION OF BHE CONSTRUCTION AND SELECTIONS VIA CODING
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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

Mesh Elements Statistics

Tetrahedra 250192

Pyramids 3746

Prisms 414440

Hexahedra 120

Triangles 77978

Quads 23384
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REGULARLY DISTRIBUTED BHE ARRAY FOR OPTIMIZATION PURPOSES
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AREA OF THERMAL INFLUENCE WITHOUT GROUNDWATER FLOW
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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!


