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Deep geothermal energy systems  

The usage of geothermal energy from deep geological struc-

tures for power plants and heating is increasing. Dedicated 

studies are necessary to estimate energy yield, lifetime and 

potential impacts on the environment and on adjoining energy 

sites to ensure profitability of the expensive plants and equip-

ment. FEFLOW® provides the tools to cover the important 

aspects of deep geothermal systems. 

Open-loop systems  

Open-loop systems, where at least one pair of extrac-

tion/injection wells is applied, are commonly used for cool-

ing/heating of large dwelling complexes, industrial facilities 

and for electrical power generation.  

The design of the system of injection/extraction well pairs is 

subject to optimization based on simulation in FEFLOW®. Its 

open programming interface even provides the possibility to 

incorporate the real behavior of heat pumps, power plants 

and cooling facilities into the subsurface flow and heat trans-

port model. 

Shallow aquifers with their thermal storage capacities are 

ideal to be used for the heating and cooling of buildings and 

facilities. Among others FEFLOW® can be used to check the 

feasibility of the system design, to provide data for the ap-

proval procedure and to get information about the environ-

mental impact. Effects on both the unsaturated zone and un-

derlying aquifers can be modelled at the same time. 

Closed -loop systems  

Closed-loop systems like borehole heat exchangers  (BHE),  

can be modeled using a fully discretized simulation. In addi-

tion it is possible to use a new integral approach, where the 

heat transport in coaxial, u-shaped or double-u shaped BHE 

is directly accounted for by a 1D approach. Introducing a BHE 

to a model is now as easy as defining a well. Also, this allows 

the efficient simulation of complex heat exchanger arrays.  
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Physics  

 

 

 

A great number of parameters can be easily accessed and 

modified during a simulation via the FEFLOW® interface 

manager (IFM). Typical applications include the implemen-

tation of additional or alternative dependency relations, con-

trol of boundary conditions, and coupling to external algo-

rithms or models. For example, a freely available IFM mod-

ule can link abstraction and injection boreholes of open-

loop systems by applying a time-varying temperature differ-

ential according to the characteristics of the heat pump. 

The IFM can also be used to couple FEFLOW with third-

party software for building and heating-system simulation. 

Open programming interface  The modelling of geothermal energy systems requires the con-

sideration of several interlinked physical processes in the sub-

surface. 

 

FEFLOW®, as one of the most sophisticated and well-accepted 

groundwater simulation packages, is an ideal tool for studying 

such flow processes. This includes saturated flow in deep aq-

uifers as well as unsaturated flow in the shallow vadose zone. 

 

Subsurface heat transport is dominated by conductive heat 

flow. In case of water movement advective heat transport has 

a strong impact. In addition, dispersion can become important 

in case of high groundwater velocities. 

 

 

 

 

The modelling of geothermal aquifers, requires to take density 

variation caused by increasing temperature and/or salt con-

centration into account. The fluid density varies in space and 

time as function of salt concentration Ck, temperature, T, and 

pressure, p:  

 

 

 

Variable-density has a strong influence on the for flow where 

density differences (buoyancy) compete with hydraulic gradi-

ents (advection). 

 

Viscosity is affected by variations in temperature and salt con-

centration, also. In FEFLOW® the dependencies of density and 

viscosity on concentration and temperature are expressed by 

equations of state and appropriate constitutive relationships.  

The simulation capabilities of FEFLOW® cover a wide range 

of physical processes, making it the ideal tool for modeling 

geothermal systems: 

Integration of heat transport in borehole heat exchangers  

Coupled density-dependent simulation for varying tem-

perature and/or brine concentrations 

Linear or nonlinear relation of density vs. temperature  

Predefined or user-defined relation of viscosity vs. tem-

perature  

Variable-density flow in both porous and fractured media 

Saturated and unsaturated porous media 

Fracture flow 

Simulation  

User interface  

The comprehensive pre- and postprocessing options include 

specific features for geothermal energy modelling: 

Appropriate boundary conditions (multi-layer wells, bore-

hole heat exchanger) 

Formula editor and fast code interpreter to handle user-

specified relationships 

Convenient input of all density relationships 

Capabilities  Capabilities  

FEFLOW® provides powerful numerical methods required for 

accurate modelling of heat transport in the underground: 

Finite-element method for 3D, or for one of various options 

in 2D (vertical, horizontal, axisymmetric) 

Unstructured meshing  

Automatic, adaptive time stepping 

Consistent velocity approximation 

Consideration of advective, conductive and dispersive heat 

flux 

Various upwind techniques 

Sparse-matrix CG-type and algebraic multigrid (AMG) 

solvers appropriate for large equation systems 

Parallel computing 

Computation  

Geothermal modelling is possible with any FEFLOW® license 

covering flow and heat transport capabilities. Simulation of 

thermohaline processes requires a license covering both 

solute and heat transport. Customers with a service and 

maintenance agreement can rely on DHI-WASY software 

support by skilled groundwater modellers with long-term ex-

perience in geothermal flow modelling. Specific FEFLOW® 

training courses for geothermal applications can be sched-

uled on demand. 

Licensing/Service  


