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Development of design calculation

First calculations for thermal transport and temperatures 
around GSHP pipes in USA around 1946-50, e.g. by the group
of L.R. Ingersoll

Based on Kelvin´s line source theory 

Thomson, W. (1884): 
Compendium of the 
Fourier Mathematics for
the Conduction of Heat
in Solids, etc.  
in: Mathematical and 
Physical Papers, Vol. II,
Art.. LXXII, pp. 41-60, 
Cambridge



Development of design calculation

Since the 1980s analytical as well as numerical methods have
been developed for design calculation in shallow geothermal energy

Key methods for direct calculation (analytical methods), which work 
many times faster than numerical simulation, are based on work at the 
University of Lund, Sweden
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Development of design calculation

Since the 1980s analytical as well as numerical methods have
been developed for design calculation in shallow geothermal energy

Key methods for direct calculation (analytical methods), which work 
many times faster than numerical simulation, are based on work at the 
University of Lund, Sweden

One of these programs that became a kind of standard today is EED
(The Lund work also influenced some US software like GLHEPRO)

Most early programs for numerical simulation, like the FD-program 
TRADIKON-3D of Giessen University (Brehm, 1989), have vanished 
today, and mainly commercial software like FEFLOW is used



Application and validation of EED

Examples from project geo:build

Building GEW, located in Gelsenkirchen, DE

Office building 

• Net floor area (NFA)            6’189 m²

• Year of construction             2004

• Geothermal system                 36 BHE 150 m deep each

• Heating load                          207 kW / 43.6 W/m²NFA

• Cooling load                          305 kW / 9.3 W/m²NFA



Application and validation of EED

Examples from project geo:build

Building GEW, located in Gelsenkirchen, DE

Geothermal system
• 36 BHE 
• 150 m deep

Layout of BHE field:
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Application and validation of EED

Examples from project geo:build

Building GEW, located in Gelsenkirchen, DE

Monthly heat injection and extraction
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Application and validation of EED

Examples from project geo:build

Building GEW, located in Gelsenkirchen, DE

Monthly temperatures as to EED calculation (using real load data)
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Application and validation of EED

Examples from project geo:build

Building GEW, located in Gelsenkirchen, DE

Monthly temperatures as to EED calculation (using real load data)
for 2013 and 2014 compared to measured temperatures
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Application and validation of EED

Examples from project geo:build

Building FAS, located in Dortmund, DE

Office building 

• Net floor area (NFA)            2’930 m²

• Year of construction             2001/11

• Geothermal system                 12 BHE 144 m deep each

• Heating load                          125 kW / 24.7 W/m²NFA

• Cooling load                            95 kW / 32.5 W/m²NFA



Application and validation of EED

Examples from project geo:build

Building FAS, located in Dortmund, DE

Geothermal system
• 12 BHE 
• 144 m deep

Layout of BHE field:
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Application and validation of EED

Examples from project geo:build

Building FAS, located in Dortmund, DE

Monthly temperatures as to EED calculation (using real load data)
for 2013 and 2014 compared to measured temperatures
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Application and validation of EED

Examples from project geo:build

Building HSZ, located in Salzgitter, DE

Lecture hall, seminar rooms 

• Net floor area (NFA)            3’296 m²

• Year of construction             2012

• Geothermal system                 15 BHE 95 m deep each

• Heating load                            92 kW / 28 W/m²NFA

• Cooling load                          152 kW / 46 W/m²NFA



Application and validation of EED

Examples from project geo:build

Building HSZ, located in Salzgitter, DE

Geothermal system
• 15 BHE 
• 95 m deep

Layout of BHE field:
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Application and validation of EED

Examples from project geo:build

Building HSZ, located in Salzgitter, DE

Monthly temperatures as to EED calculation (using real load data)
for 2013 and 2014 compared to measured temperatures
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Application and validation of EED

Examples from project geo:build

Building HSZ, located in Salzgitter, DE

Temperature distribution in the ground at half the BHE depth in
the BHE-field, calculated with FEFLOW

• end of May 2013 (left) 

• end of October 2013 (right)



Application and validation of EED

Examples from project geo:build

Building HSZ, located in Salzgitter, DE

Comparison of EED calculation and FEFLOW simulation (using real
load data) for 2013 and 2014
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New development for analytical calculation

The technique of superposition of analytical calculations, 
already described at the beginning of the work in Lund, 
allows for an intermediate stage between simple calculation and 
numerical simulation. 

It is meanwhile used e.g. for evaluation of Thermal Response Tests 
(TRT) by parameter estimation.

It now has been implemented into a new test-version of EED, allowing 
for hourly calculation steps. Validation of this new (old) method also is 
presented.

New version of EED, not yet released

• Calculation with shorter time-steps on hourly load data input

• Different load data for consecutive years

Calculations shown on next slides performed by Thomas Blomberg, 
Lund, SE



Application and validation of EED V4

Examples from project geo:build

Building GEW, located in Gelsenkirchen, DE

Hourly temperatures as to EED 4 calculation (using real load data
from building GEW), compared to measured temperatures 2013
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data from manual recording



Application and validation of EED

Examples from project geo:build

Building HSZ, located in Salzgitter, DE

Hourly temperatures as to EED 4 calculation (using real load data
from building HSZ), compared to measured temperatures 2013-14
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Application and validation of EED

Examples from project geo:build

Building HSZ, located in Salzgitter, DE

Hourly temperatures as to EED 4 calculation (using real load data 
from building HSZ), compared to FEFLOW simulation 2013-14



Conclusions

• The validity of BHE design software could be verified by 
using the monitored data for temperature and thermal loads

• EED proved capable of good prediction of fluid temperatures

• FEFLOW in addition allowed for determining the area of thermal 
influence around the BHE field

• A new version of EED, not yet released, could match the accuracy 
of FEFLOW for fluid temperature calculation in the conductive
environment given, with calculation times only a fraction of those 
with numerical simulation. 


