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Aquifer thermal energy storage 
(ATES) systems are used for
seasonal storage of warm 
and/or cold groundwater.

Aquifer Thermal Energy Storage use in heating 
and cooling networks

In winter, 
buildings are 
heated with a 
heat pump 
(HP) which 
extracts heat 
previously 
stored in the 
warm well. 

This creates cooling 
capacity which is used in 
summer to cool the 
building, by storing the 
excess heat in the warm 
well1

 Excess of heat can be stored

 Reduction of CO2 emissions

 Integration in District heating 
& cooling grids (DHC) 
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* For technical reasons storage temperature usually not exceed 90°C.

Low-
temperature 

ATES (LT-
ATES)

Medium-
temperature 

ATES (MT ATES)

High-temperature 
ATES (HT ATES)

Temperature 
range less than 30°C 30 – 50°C higher than 50°C*

Storage 
depth 10 – 150 m 150 – 500 m 300 – 1.500 m

Technology 
Readiness 
Level (TRL)

7 – 6 5 – 6 5 – 6 

Pros

Low 
development 

risk;
Small surface 

footprint

Low 
development 

risk;
Small surface 

footprint

High efficiency rate;
Decarbonisation of 

HT DHC

Cons Only applicable 
in aquifer

Only applicable 
in aquifer;

Moderate risk of 
clogging/scaling

Only applicable in 
aquifer;

High development 
risk;

Higher expenses

2Picture source: Ghelin et al., 2015

 A sufficiently thick and hydraulic 
conductive aquifer – some of its 
properties are open sourced. More 
detailed properties can be checked on 
local or government agencies or
measured in place

 The depth of the aquifer – the deeper the 
aquifer the higher the costs of drilling

 Building stock – bigger buildings or those 
connected to DHC network with heating 
and cooling demand are prevailed

 Balanced heating to cooling ratio – some 
climate analysis can identify the ratio.

What are the preconditions for ATES?

Temperature level of ATES



There are about 100 large 
- scale ATES systems 
worldwide integrated in 
DHC networks3

 Case study 1: LT-ATES – Delft University of Technology 
(NL)

An ATES grid supplies 
multiple buildings 
using a heating and 
cooling grid. The 
buildings are strongly 
cooling dominated, 
including a consider-
able amount of 
process cooling.

The figure shows the lay-out of the ATES well 
clusters in the S–part of TUD campus.

 Case study 2: HT-ATES –
Vienna (AT)
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The ongoing project focuses 
on the evaluation of aquifers 
in a depth of 1000 – 1500 m 
with the aim of storing 
temperatures of ~100°C. 

The heat could 
be provided by 
deep geo-
thermal wells 
that are 
currently being 
developed and 
contribute to 
the decarboni-
sation of 
Vienna’s DHN. 

April 2024
Aquifer Thermal Energy Storage use 
in heating and cooling networks



List of Authors

• Jessica Maria Chicco, DIST  
University of Turin, Italy

• Elzbieta Halaj, AGH University of 
Krakow, Poland

• Jakob Kulich, GeoSphere Austria, 
Austria

Reviewer
• Martin Bloemendal, Delft University 

of Technology & TNO-Dutch 
Geological Survey, Netherlands

References:
1Bloemendal, M. & Hartog, N. (2018). Analysis 
of the impact of storage conditions on the 
thermal recovery efficiency of low-
temperature ATES systems. Geothermics, 17, 
306-319
2Gehlin, S., Andersson, O., Alm, P-G. & Rosberg,
J-E. (2015). Country Update for Sweden. World
Geothermal Congress 2015. Melbourne,
Australia. April 19-25. Available online at:
https://pangea.stanford.edu/ERE/db/WGC/p
apers/WGC/2015/01021.pdf
3Fleuchaus, P., Godschalk, B., Stober, I. & Blum,
P. (2018). Worldwide application of aquifer
thermal energy storage. A review. Renew.
Sustain. Energy Rev. 94, 861–876

Visit our web portal

CA18219 Geothermal-DHC Fact Sheet No.10

COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research 
initiatives across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation.

This publication is based upon work from COST Action Geothermal-DHC, CA18219, supported by COST (European Cooperation in Science and Technology). 

The content shown in this document is at exclusive responsibility of the corresponding author and may not necessarily reflect the opinion of the Grant 
Holder or Chair of the COST Action CA18219. Moreover, CA18219 or any of its representatives may not be held liable for any copyright protection violation
of the content shown in this document. Any liability solely lays with the corresponding author of this document. 


	Aquifer Thermal Energy Storage use in heating and cooling networks
	Aquifer Thermal Energy Storage use in heating and cooling networks
	Aquifer Thermal Energy Storage use in heating and cooling networks
	Slide Number 4

