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Motivation: 

• Decarbonisation to reach climate goals

• Security of energy supply
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Geothermal Systems
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Heating - Cooling Grids

Adopted from Lund et al. (2018) and Wirtz et al. (2020)

https://www.researchgate.net/profile/Marwan-Abugabbara?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VDb250ZW50In19
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„Geothermal“ Networks distributed in Europe

Source: EGEC Geothermal Market Report 2021

Source: Goetzl et al., 2022

▪ 364 direct use geothermal DH networks in Europe ~ 5.6 GW capacity

▪ Approx. >100 5G networks in Europe linked to geothermal 
technologies 
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Flexibilisation
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Flexibilisation

Geothermal 
storage 

potential

Peak load

Geothermal 
Energy

Other Sources

D
is

tr
ic

t 
H

ea
ti

n
g 

En
er

gy
 [M

W
]

Annual hours



Dr. Kai  Zosseder  /  GA /  05/12/2023 Page 9

Combination with Geothermal Sources

Goetzl et al. (2020)
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Geothermal Sources + HP + Storage + Networks → Scenarios
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Scenarios for Integrating Geothermal into 
DHC-Networks

• Basic Scenarios: Basic scenarios are simpler in design and are already commonly used throughout Europe 

or in single countries. 

• Complex Scenarios: Complex scenarios consist of a combination of different technologies such as storage

scenarios or scenarios using a HTHP, and are already installed in some places.

• Future Developments: Future scenarios are based on technology that is not yet market-ready. These are

especially scenarios using enhanced or advanced geothermal systems (EGS, AGS) or uncommon

combinations.
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Number Scenario name Type SourceT [°C] Aquifer/ 
ground 

GridT [°C] 

Basic scenarios 

B 01 Shallow geothermal & Free 
cooling - DC Network basic 5-25 aquifer/ground 0-15 

B 02 Groundwater + decentral LTHP 
- LT Network basic 10 aquifer 10-25 

B 03 Hydrothermal Direct Use 
- HT Network basic 90 << aquifer 80 - 120 

B 04 Hydrothermal Direct Use  
- MT Network basic 40 - 90  aquifer 40 - 60 

B 05 Groundwater + central HP  
- MT/HT Network basic 10 - 30 aquifer 25- 90 

B 06 BHE + central HTHP/BTES  
- MT/HT Network basic -4 - 30 ground  25 - 90 

B 07 BHE + decentralized LTHP  
- LT Network basic -4 - 25 ground 10 

Complex scenarios 

C 01 Basic + LT ATES + LT/MTHP  
- LT/MT Network complex 30 > Aquifer 40 - 60 

C 02 Hydrothermal + HTHP  
- MT/HT Network complex 30-90 aquifer 60 - 120 

C 03 Hydrothermal + Sorption 
Chiller - DC Network complex 60 - 100 aquifer 6 - 15 

Future scenarios 

F 01 Basic + HT-ATES  
– MT/HT Network future 90 >> aquifer 90 

F 02 Advanced Geothermal Systems 
(AGS) future 90 >> ground 90 

F 03 Enhanced geothermal system 
(EGS) future 90 - 120 ground 90 

F04 Deep BHE + HTHP  
– MT/HT Network future 20 – 50 ground 90 
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Complex Scenarios
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Number Scenario name Type SourceT [°C] Aquifer/ 
ground 

GridT [°C] 

Basic scenarios 

B 01 Shallow geothermal & Free 
cooling - DC Network basic 5-25 aquifer/ground 0-15 

B 02 Groundwater + decentral LTHP 
- LT Network basic 10 aquifer 10-25 

B 03 Hydrothermal Direct Use 
- HT Network basic 90 << aquifer 80 - 120 

B 04 Hydrothermal Direct Use  
- MT Network basic 40 - 90  aquifer 40 - 60 

B 05 Groundwater + central HP  
- MT/HT Network basic 10 - 30 aquifer 25- 90 

B 06 BHE + central HTHP/BTES  
- MT/HT Network basic -4 - 30 ground  25 - 90 

B 07 BHE + decentralized LTHP  
- LT Network basic -4 - 25 ground 10 

Complex scenarios 

C 01 Basic + LT ATES + LT/MTHP  
- LT/MT Network complex 30 > Aquifer 40 - 60 

C 02 Hydrothermal + HTHP  
- MT/HT Network complex 30-90 aquifer 60 - 120 

C 03 Hydrothermal + Sorption 
Chiller - DC Network complex 60 - 100 aquifer 6 - 15 

Future scenarios 

F 01 Basic + HT-ATES  
– MT/HT Network future 90 >> aquifer 90 

F 02 Advanced Geothermal Systems 
(AGS) future 90 >> ground 90 

F 03 Enhanced geothermal system 
(EGS) future 90 - 120 ground 90 

F04 Deep BHE + HTHP  
– MT/HT Network future 20 – 50 ground 90 

 

Number Scenario name Type SourceT [°C] Aquifer/ 
ground 

GridT [°C] 

Basic scenarios 

B 01 Shallow geothermal & Free 
cooling - DC Network basic 5-25 aquifer/ground 0-15 

B 02 Groundwater + decentral LTHP 
- LT Network basic 10 aquifer 10-25 

B 03 Hydrothermal Direct Use 
- HT Network basic 90 << aquifer 80 - 120 

B 04 Hydrothermal Direct Use  
- MT Network basic 40 - 90  aquifer 40 - 60 

B 05 Groundwater + central HP  
- MT/HT Network basic 10 - 30 aquifer 25- 90 

B 06 BHE + central HTHP/BTES  
- MT/HT Network basic -4 - 30 ground  25 - 90 

B 07 BHE + decentralized LTHP  
- LT Network basic -4 - 25 ground 10 

Complex scenarios 

C 01 Basic + LT ATES + LT/MTHP  
- LT/MT Network complex 30 > Aquifer 40 - 60 

C 02 Hydrothermal + HTHP  
- MT/HT Network complex 30-90 aquifer 60 - 120 

C 03 Hydrothermal + Sorption 
Chiller - DC Network complex 60 - 100 aquifer 6 - 15 

Future scenarios 

F 01 Basic + HT-ATES  
– MT/HT Network future 90 >> aquifer 90 

F 02 Advanced Geothermal Systems 
(AGS) future 90 >> ground 90 

F 03 Enhanced geothermal system 
(EGS) future 90 - 120 ground 90 

F04 Deep BHE + HTHP  
– MT/HT Network future 20 – 50 ground 90 
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Future Scenarios
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Number Scenario name Type SourceT [°C] Aquifer/ 
ground 

GridT [°C] 

Basic scenarios 

B 01 Shallow geothermal & Free 
cooling - DC Network basic 5-25 aquifer/ground 0-15 

B 02 Groundwater + decentral LTHP 
- LT Network basic 10 aquifer 10-25 

B 03 Hydrothermal Direct Use 
- HT Network basic 90 << aquifer 80 - 120 

B 04 Hydrothermal Direct Use  
- MT Network basic 40 - 90  aquifer 40 - 60 

B 05 Groundwater + central HP  
- MT/HT Network basic 10 - 30 aquifer 25- 90 

B 06 BHE + central HTHP/BTES  
- MT/HT Network basic -4 - 30 ground  25 - 90 

B 07 BHE + decentralized LTHP  
- LT Network basic -4 - 25 ground 10 

Complex scenarios 

C 01 Basic + LT ATES + LT/MTHP  
- LT/MT Network complex 30 > Aquifer 40 - 60 

C 02 Hydrothermal + HTHP  
- MT/HT Network complex 30-90 aquifer 60 - 120 

C 03 Hydrothermal + Sorption 
Chiller - DC Network complex 60 - 100 aquifer 6 - 15 

Future scenarios 

F 01 Basic + HT-ATES  
– MT/HT Network future 90 >> aquifer 90 

F 02 Advanced Geothermal Systems 
(AGS) future 90 >> ground 90 

F 03 Enhanced geothermal system 
(EGS) future 90 - 120 ground 90 

F04 Deep BHE + HTHP  
– MT/HT Network future 20 – 50 ground 90 

 

Number Scenario name Type SourceT [°C] Aquifer/ 
ground 

GridT [°C] 

Basic scenarios 

B 01 Shallow geothermal & Free 
cooling - DC Network basic 5-25 aquifer/ground 0-15 

B 02 Groundwater + decentral LTHP 
- LT Network basic 10 aquifer 10-25 

B 03 Hydrothermal Direct Use 
- HT Network basic 90 << aquifer 80 - 120 

B 04 Hydrothermal Direct Use  
- MT Network basic 40 - 90  aquifer 40 - 60 

B 05 Groundwater + central HP  
- MT/HT Network basic 10 - 30 aquifer 25- 90 

B 06 BHE + central HTHP/BTES  
- MT/HT Network basic -4 - 30 ground  25 - 90 

B 07 BHE + decentralized LTHP  
- LT Network basic -4 - 25 ground 10 

Complex scenarios 

C 01 Basic + LT ATES + LT/MTHP  
- LT/MT Network complex 30 > Aquifer 40 - 60 

C 02 Hydrothermal + HTHP  
- MT/HT Network complex 30-90 aquifer 60 - 120 

C 03 Hydrothermal + Sorption 
Chiller - DC Network complex 60 - 100 aquifer 6 - 15 

Future scenarios 

F 01 Basic + HT-ATES  
– MT/HT Network future 90 >> aquifer 90 

F 02 Advanced Geothermal Systems 
(AGS) future 90 >> ground 90 

F 03 Enhanced geothermal system 
(EGS) future 90 - 120 ground 90 

F04 Deep BHE + HTHP  
– MT/HT Network future 20 – 50 ground 90 
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Basic Scenarios
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Scenarios

B 01 Shallow geothermal & Free cooling - DC Network 

 
T Source 

[°C] 
T Grid [°C] aquifer / ground storage 

heating / 

cooling 
type 

 5-25 0-15 Aquifer Ground no Cooling Basic  

Technology • Groundwater wells  

• District cooling network 

Description Cooling energy in the form of cold water is produced centrally using groundwater. The cooling water 

is transported to users via a closed circuit. Free cooling systems are cost-effective with low running 

and maintenance costs, and hazardous substances such as refrigerants removed at source are avoided. 

This can be delivered by direct use of the groundwater or by use of additional chillers. Typically, supply 

temperatures lie around 4 - 8 °C and return temperatures of 13 - 16 °C are common [4]. The main 

drivers for energy efficiency regarding temperature levels include a high delta-T between supply and 

return water. Since this temperature spread is much higher in DH, DC pipelines in general have to be 

wider than in DH to deliver the same capacity [5]. ‘Free cooling’ refers to cooling without using a 

cooling machine to save energy. This implies that the temperature of the resource is low enough to 

use it directly for cooling. In principle, all different shallow geothermal systems are suitable for free 

cooling. In practice however, if the temperatures of the resource are too high this is not an option. In 

this case, a heat pump/chiller is required to generate appropriate temperature levels. Even if a system 

has an installed heat pump, it can be run in passive mode to provide free cooling during times when 

temperatures suffice for direct cooling [6]. 

Parameters • Location of aquifer for groundwater wells 

• Aquifer parameters to assess groundwater availability  

Limitations • Nature/water protection  

• Artesian groundwater condition 

• Underground structures 

1.1 Examples Perth, Australia;  Shallow aquifer well doublets, Free cooling [7] 

 

Figure 1: Groundwater cooling concept in Perth. [7]  

Two wells produce 45 l/s of 21 °C 

groundwater from a shallow (35 – 

120 m depth) aquifer. The water 

constantly cools a supercomputer 

before it is reinjected to the same 

aquifer further downstream. The 

system provides a cooling capacity of 

2.4 MWth. 
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Scenarios
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Scenarios
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Scenarios
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Scenarios
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Scenarios
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Scenarios
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Complex Scenarios
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Scenarios

Hästskon, Sweden
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Scenarios
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Scenarios
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Future Scenarios
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Scenarios
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Scenarios
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Scenarios



Dr. Kai  Zosseder  /  GA /  05/12/2023 Page 31

Conclusion

• Several Opprtunities to integrate Geotheraml into DHC Networks

• All depending on the local situation at the surface and the subsurface:

Which sources are available, which heat/cool demand must be covered



Thank you!

This article/publication is based upon work from the project 
SAPHEA, funded by the European Union‘s HORIZON EUROPE 
research and innovation programme under the Grant 
Agreement number 101075510

Get in contact with us:
www.saphea.eu

#SAPHEA_EU
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Dr. Kai Zosseder

Technical University of Munich
kai.zosseder@tum.de
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