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GEOFIT
GEOthermal systems for energy 
efficient building retroFITting

• 4 year H2020 project (May 2018-April 2022)
• 24 Partners
• Innovation Action supporting the H2020 Societal 

Challenge of Secure, Clean and Efficiency Energy
• Part of INEA’s Energy Portfolio (Low Carbon Economy 

(LCE), Renewable Energy Technologies (RET)
• € 9.7 million cost / € 7.9 million funding
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Motivation

• Ground source heat exchangers (GHEX) and heat 

pumps provide highly efficient heating and cooling

• For existing building stock few solutions exist, 

retrofitting in non-urban areas will benefit from low-

cost easy to install GHEX such as slinky, horizontal 

and earth basket GHEX

• BUT: no integrated advanced engineering design 

tools exist for e.g. slinky loop collectors, earth 

baskets etc. - installation depend on skills of 

installers – they are not trained for installing these 

GHEX
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Content

• Design tool for ground heat exchangers

• Development of an integrated design approach

integrated tool, iterative design, design documentation

• New calculation methods for complex GHEX topologies

– dealing with laminar/turbulent transition

• Far field modelling

• Lab experiments & CFD

• Validation

• Performance analysis

• Engineering tool

• Heat pump 

• Wrap-up: Field laboratory
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Ground Heat Exchanger - Design Process
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Ground Heat Exchanger - Design Process

Goal of the design of a ground heat exchanger is to 

determine the required the size of a GHEX

As a function of

Heating and cooling energy demand

Heating and cooling capacity

Required performance

Other boundary conditions (soil thermal parameters, drilling conditions, 
available space)

Design is not just performing the calculation, but an iterative process 
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Ground Heat Exchanger - Design Process

- Seasonal performance and energy savings achieved, under different boundary conditions

(such as soil thermal parameters, climate and building characteristics)

- Technical and operational life of the system, reflecting the life-expectancy of components

depending on material properties and operational conditions (mainly temperature) as well as

the temperature evolution of the activated ground volume.

- Balancing between installed capacity, base load and peak load operation and system size,

the relative importance of many system characteristics depends on the ratio of thermal

capacity and total energy delivered and is moreover affected by the seasonal balance

between heating and cooling.

- Sensitivity analysis and validation of the final design, as many different parameters affect

the design, but the relative importance may vary very significantly, a sensitivity analysis is

usually needed to determine the critical design parameters.
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Summary roadmap for project design

Check feasibility and permits required

Collecting and evaluating data needed for the design

Thermal and hydraulic design

Defining design parameters and boundary conditions

Comparing different GHEX solutions 

Design calculations: thermal

Local process: individual GHEX construction

Global process: GHEX thermal interactions

Sensitivity

Design calculation: hydraulic (pressure drop)

Documenting the design process and results

Ground Heat Exchanger - Design Process
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Example, energy demand profile and hybridization

Iterative design: evaluate different approaches to hybridization

Ground Heat Exchanger - Design Process
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Example, peak capacity and peak load duration

Iterative design: evaluate effect of different capacities and select final 
capacity and peak load duration

Ground Heat Exchanger - Design Process
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Example, sensitivity

Iterative design: evaluate effect of different parameterizations and 
possibly collect and analyze additional data 

Adapt energy demand profile, e.g. re-evaluate cooling demand

Ground Heat Exchanger - Design Process
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Documentation

Ground Heat Exchanger - Design Process
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Computational Framework



Integrated Design framework for ground heat exchangers and heat pumps

Computational framework

Global process – temperature evolution in the ground

• Temperature evolution at GHEX wall

• Interaction between all GHEX in ground volume

• Include near-surface seasonal temperature variations

• Include deep geothermal gradient

Local process – thermal resistance fluid to ground and pressure drop

• Set of equations to calculate the thermal resistance for different 
geometries (dealing with turbulent/laminar boundary)

• Set of equations to calculate the pressure drop for different geometries

• Correlations for temperature-dependent fluid properties for water, mono-
ethylene and mon-propylene glycol
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Computational framework

Standardized methodology for GHEX design calculations

• Conductive heat flow in the ground

• Solver for temperature effect @ distance from GHEX

• Solver for fluid temperature as function of capacity and thermal 
resistance

• Superposition of temperature effects in space and time

• Superposition of long term and short term response

• Decomposition of energy-demand profile

• G-function approach to speed-up calculations
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Computational framework

Decomposition of energy-demand profile

• Solver only calculates for contant load for total time

• Superposition of additional load steps solutions in time

• Decomposition of energy-demand profile
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Computational framework

G-function
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Computational framework - global process

Finite Line Source + G-function approach

FLS is the “workhorse” of conventional (vertical) GHEX

G-function is standard approach for computational efficiency

1D (Vertical Borehole Heat Exchanger

2D (horizontal / slinky GHEX)

3D (Earth basket type GHEX)
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Computational framework - global process

Finite line source for vertical ground heat exchangers
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Computational framework - global process

Finite line source for slinky ground heat exchangers
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Computational framework - global process

Finite line source for spiral ground heat exchangers
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Computational framework - local process

Thermal resistance between fluid and ground

- Vertical/horizontal GHEX: U-pipe and concentric GHEX

- Slinky and earth basket: spiral type GHEX
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Computational framework - local process

Equations for 

- Critical Reynolds

- Nusselt 

- Pressure drop
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Computational framework - local process

Turbulent / laminar flow and transition zone

• Thermal resistance (and pressure drop) depend  on fluid flow regime and 
especially laminar / turbulent boundary

• This boundary is characterized by the Reynolds number (ratio between 
inertial and viscous forces)

• For straight pipes the  critical Reynolds number is usually taken as 2300

• For curved pipes it is more complex and depends on the ratio d/D
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Computational framework - local process

Spiral heat exchanger
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Computational framework - local process

Thermal resistance Spiral / Straight pipe heat exchanger
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Lab experiments and CFD modelling
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Method

Lab experiments 

spiral collectors

CFD simulations –

thermal behavior of 

collectors

Development of 

engineering tool

 
Figure 10. Top view of the temperature contours for Arrangement #3. 
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Laboratory experiments



Integrated Design framework for ground heat exchangers and heat pumps

Laboratory experiments
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Setup of big box experiment
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Data aquisition

• 26 PT1000 sensors

• 12 H2O Sensors

• 200 m DTS fibre optics

• LabView + python

• Soil samples (start & end)

QIN

energy meter

fibre optic cable

I/O bus devices
1...n PT1000

source

1...n SMT100

GHEX

power controller

P

7561

7080B

7017

7033

DTS

7024

soil container

data storage

DTS

LV

data base,

graphical evaluation
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Moisture content

Locations of sample 
extraction

• Samples taken at start + end of 
experiment

• Determination of mass 
reduction by drying → Δm = m 
H2O
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Lab - results
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Lab - results
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Experiment vs. Simulation

RTD

Dörr, C. J. (2020). Master thesis CFD Analysis of Ground Source Heat Exchangers.

DTS
Slinky Double basket

Reference basket

https://pure.unileoben.ac.at/portal/en/persons/constantin-julian-doerr(9271cea6-ed69-4f86-8e53-37ad1af56095).html
https://pure.unileoben.ac.at/portal/en/publications/cfd-analysis-of-ground-source-heat-exchangers(c19dba3f-4d9c-40d5-b8c8-5d73171b214e).html?customType=theses
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CFD temperature evolution



Integrated Design framework for ground heat exchangers and heat pumps

From CFD to Far Field analysis

Far field simulations: optimized spatial distribution and thermal interactions
AIT’s model (detailed Computational Fluid Dynamics model) used to generate boundary 
conditions for the far-field simulations
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From CFD to Far Field analysis

• Extended domain numerical simulations in order to determine the 
interaction between GHEX under different spatial arrangements and 
their thermal impact on the surrounding media

• Definition of three different sets of GHEX arrangements

• Numerical simulation of the three arrangements using the soil 
properties and thermal parameters of the experimental facilities at 
AIT

• Numerical simulation of the effect of GHEX spacing for one 
arrangement

• Numerical simulation of one arrangement considering different types 
of soil, both dry and wet

• Long term numerical simulations of one arrangement for three 
different climate zones (ongoing, only presenting one)
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From CFD to Far Field analysis

Far field simulations: optimized spatial distribution and thermal interactions

Arrangement #1 (top view) Arrangement #2 (top view)

Arrangement #3 (top view)
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From CFD to Far Field analysis

Far field simulations, temperature contours after 100 days
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From CFD to Far Field analysis

Far field simulations, temperature after 7 days with different spacing 
(arrangement #2)
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Validation
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Validation – spiral (earth basket) GHEX

Real helical shape in FLS simplified to stack of rings

First validation with reference case and point cloud around GHEX
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Validation – spiral (earth basket) GHEX

Real helical shape in FLS simplified to stack of rings

Check match of topology
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Validation – steady state

Variations of heat injection rate, soil thermal conductivity
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Validation – steady state

Variations of pitch, ring diameter
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Validation – transient

Many variations 



Integrated Design framework for ground heat exchangers and heat pumps

Performance Analysis
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Performance analysis

Using the toolkit performance analysis was conducted for

- Vertical (borehole) type ground heat exchangers

- Slinky type ground heat exchangers

- Spiral/earth basket type ground heat exchangers

Investigated was GHEX construction parameters and operational (system) 
behaviour for different standardized building and climate types

Modern office, Retrofit office, Modern residential, Retrofit residential

Cold, average and warm climate
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Performance analysis

Construction parameters in vertical GHEX

Conclusion: Shank spacing and backfilling thermal conductivity are important. 
Flow rate is important, depending on antifreeze mix used

The effect of different parameters may also depend on flow regime
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Performance analysis

Effect of thermal resistance introduced by the pipe wall 

Conclusion: effects of pipe wall thickness is negligible (< 2%) for typical heat 
flux rates in shallow GHEX and small (<4%) in medium heat flux rates (vertical 
GHEX)
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Performance analysis

Slinky GHEX, ring radius, depth, soil thermal conductivity and pitch 
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Performance analysis

Spiral GHEX, pitch 
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Performance analysis

Summary for shallow GHEX

• Soil thermal conductivity should be 1.5 W/mK or higher.

• Buried depth should exceed 1 meter.

• Minimum ring radius is 0.6 meters.

• Pitch for a slinky type heat exchanger is at least 60% of the ring radius.

• Pitch for an earth basket heat exchanger should be at least 0.3 m (but may

depend as well on total number of rings that can be installed in a given depth

interval.



Integrated Design framework for ground heat exchangers and heat pumps

Performance analysis

System analysis, slinky retrofit residential
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Performance analysis

System analysis, slinky retrofit residential
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Engineering Tool
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Engineering tool
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Engineering tool

Organized around projects
• Every user has one or more projects, general user heat pump catalogue

• A project has one or more energy data profiles and one or more designs

• Each design has informaiton on soil, fluid and GHEX. Selection of Heat pump en energy 
profile

Easy to switch between different GHEX
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Engineering tool

Highlights

• Direct (FLS) and G-function calculations possible

• Vertical, horizontal, slinky (ring) and spiral (earth basket) type GHEX

• Project organization: decoupled energy demand profile, heat pump data and GHEX type: 

easy to explore different solutions 

• Different GHEX can have different energy demand profiles

• Temperature dependent fluid correlations

• Calculation of critical Reynolds and allows definition of transition zones

• Near surface seasonal temperature variations included
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Ground Source Heat Pumps
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Images from partner Uponor, Fahrenheit, CNR, Ochsner

Novel technologies
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Refrigerants & Regulations

• Montreal Protocol: ODS like 
chlorofluorocarbons (CFCs) & 
hydrochlorofluorocarbons (HCFCs) banned / 
to be phased out in production on a global 
scale. 

• Kyoto protocol:  Hydrofluorocarbons (HFCs) 
to be phased out (in production & 
consumption) in most developed countries 
due to high Global Warming Potential (GWP)

• F-Gas regulation* phase down HFCs in 
various steps. By 2030, average permissible 
GWP significantly below 500.

*EU regulation  No 517/2014
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Classification of refrigerants

Toxicity
A: no/low
B: high toxicity

Flammability
1: no flame 
propagation
2: lower 
flammability
3. Higher
flammability

Source: C. Arpagaus, F. Bless, M. Uhlmann, J. Schiffmann, S.S. Bertsch, 
High temperature heat pumps: Market overview, state of the art, research status, 
refrigerants, and application potentials, Energy 152 (2018) 985–1010
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Electrically driven heat pump

General parameters:
• Design: Standing cabinet

with small ground area
(approx. 1m2)

• Compressor: Scroll
• Refrigerant: R513A
• Superheating: 5K
• Subcooling: 8K
• Sink: dT = 10K (Water)
• Source: dT = 3K (Ethylene

glycol)

Single stage Twin-cycle
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Thermally driven heat pump

For the thermally-
driven heat pump, 
three operating modes
are possible: 
• Direct heating with 

sorption heat pump
• Indirect heating of 

sorption heat pump 
with gas boiler as 
back-up and 

• Cooling with 
compression cycle. 

COMPRESSION CYCLE

ADSORPTION 
CYCLE

GAS BOILER
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Lab tests:  Electrically driven heat pump@AIT lab
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Lab tests: Thermally driven heat pump@CNR-ITAE lab

Testing rig @ CNR ITAE
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Integration example: St. Cugat Current system
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Integration example: St. Cugat current situation

• Different types of
radiators installed
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Integration example: St.Cugat Geofit system

Storage
1000 l

GSHP

heating

capacity:

40kW at 

B0/W35

M

New balancing valves

New circulation pumps

Heat pump Buffer tank

Existing radiators

New radiator valvesoptional
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Integration example: St. Cugat operating strategies

• Heat pump only
• Design for 100% heat demand
• Feasible for small temperature lifts

• Co-generation heat pump with gas boiler
• Heat pump covers heat demand partly
• Gas boiler only above BP

• Co-generation heat pump with gas boiler
• Heat pump covers most of heat demand
• Base load with heat pump

Heat pump
Gas boiler

Heat pump

Gas boiler

Heat pump

Monovalent Bivalent alternativ Bivalent parallel

G
as

 b
o

ile
r

ca
p

ac
it

y

40kW →
75% heat supply



Integrated Design framework for ground heat exchangers and heat pumps

Field Tests
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Perugia (IT) – slinky installation
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Perugia (IT) – slinky animation
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Bordeaux (FR) – spiral installation
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Summary 
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Summary

GEOFIT 

• Developed an integrated framework for the design of different types of 

ground heat exchangers

• Validation of the new calculation methods based on laboratory 

experiments, CFD modelling and field-tests

• Toolkit developed for the design of different types of ground heat 

exchangers

• Design manual for ground heat exchanger design

• Performance analysis of different GHEX and usage types

• Cost efficient heat pump systems tailored for retrofit use-case
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Geofit WP3 Publications

Publications: 
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for Retrofitting Projects. Processes Special Issue: Advances in Integrated Geothermal Energy Systems.

Kling et al, 2022. Experimental investigations and numerical validation of shallow spiral collectors as a bases for 
development of a design tool for geothermal retrofitting of existing buildings. Proceedings of the European Geothermal 
Congress 2022. Berlin, Germany. (2022).

Kling, S., 2020. Experimental Characterization of Helix-Type Ground Source Heat Exchanger Configurations for Developing 
a Standardized Design Tool. Msc Thesis, Fachhochshule Burgenland, Pinkafeld, Ausria.

Meeng, C.L., Development of an engineering tool for the design of novel shallow ground heat exchangers – GEOFIT. MSc 
Thesis. Technical University of Eindhoven. Eindhoven (Netherlands). (2020)

Witte et al, 2022. Development and validation of analytical solutions for earth basket (spiral) heat exchangers. 
Proceedings of the European Geothermal Congress 2022. Berlin, Germany. (2022).
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