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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

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

− 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
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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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MODEL PARAMETRISATION

Heat Carrier Fluid Pipes Thermally-enhanced Grout Porous Materials

Thermal conductivy    

Specific Heat Capacity    

Density    

Thermal Capacity    

Heat Resistence    

Geometry 

Wall Thickness 

Viscosity  

Porosity 

Dispersivity 

Roughness 

Flow Rate 

Freezing Point 

Hydraulic Conductivity 

Saturation 
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DIFFERENT FINITE-ELEMENT APPROACHES

o Consideration of BHE-internal heat transfer
o Allows the detailed calculation of interaction between BHE
o Simplification of BHE-internal heat transfer calculation:           
Resistance/capacity values depend on
o BHE geometry (diameters, pipe distances)
o Material properties (pipes/grout/fluid)

o Consideration of heat transfer in pipes
o Includes Wall heat transfer to the surroundings 
o Heat loss 1-D element and couple to 3D model
o Additional term of pressure work
o Radial heat transfer from the surroundings into         

the pipe
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FEFLOW COMSOL MULTIPHYSICS



Georg-August-Universität Göttingen05.12.2023 11

3-D IMPLEMENTATION IN COMSOL MULTIPHYSICS
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IMPLEMENTATION OF CYCLIC UNDISTURBED GROUND TEMPERATURE DISTRIBUTION
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BUILDING THE BHES- SELECTION OF INLET AND OUTLET TEMPERATURE IN COMSOL MULTIPHYSICS

UPPER PART

LOWER PART
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THERMAL LOAD – TIME SERIES - IMPLEMENTATION IN COMSOL MULTIPHYSICS
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AUTOMATISATION OF BHE CONSTRUCTION AND SELECTIONS VIA CODING
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OPTIMIZING MESH CONSTRUCTION
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MESH STUDIES TO ADEQUATELY REPRESENT HEAT TRANSPORT MECHANISM



Georg-August-Universität Göttingen05.12.2023 18

FINAL OPTIMIZED MESH
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REGULARLY DISTRIBUTED BHE ARRAY FOR OPTIMIZATION PURPOSES
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FEFLOW – SUPER MESH - PROBLEM SETTING

− COMBINED FLOW AND HEAT PROCESSES

− 3-D UNSATURATED AND SATURATED SEDIMENTS

− TRANSIENT FLOW AND HEAT TRANSPORT

700 m

700 m
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2-D MESH VIEW

700 m

700 m

SPATIAL DISCRETIZATION AROUND A BHE 
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3-D MESH

− TRIANGULAR PRISM

− 167505 MESH ELEMENTS

− 89920 MESH NODES

MESH OPTIMIZATION

− FINE RESOLUTION IN THE ZONE OF INTEREST

− AS MANY ELEMENTS AS NECESSARY TO ADEQUATELY REPRESENT THE

HEAT TRANSPORT MECHANISMS

− AS FEW ELEMENTS AS POSSIBLE TO REDUCE COMPUTATIONAL LOAD
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TIME-VARYING TEMPERATURE DISTRIBUTION
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PRELIMINARY RESULTS – DEPTH 65 M

2-D VERTICAL PROFILE
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PRELIMINARY RESULTS – LOWER PART OF VERTICAL PROFILE
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PRELIMINARY RESULTS – UPPER PART OF VERTICAL PROFILE

PRESSURE ZERO
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PRELIMINARY RESULTS – DEPTH 80 M
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SUMMARIZING REMARKS & OUTLOOK

▪ SEVERAL NUMERICAL EXPERIMENTAL DESIGNS HAVE BEEN CONSIDERED

▪ DIFFERENT FINITE-ELEMENT APPROACHES IN COMSOL MULTIPHYSICS AND FEFLOW HAVE BEEN USED

▪ DETAILED IMPLEMENTATION OF A COMPLEX, REAL FIELD OF INDIVIDUAL BHES UNDER 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
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Thank you for your attention!


