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No uniform international legislation!
Definition

► EU Water Framework Directive, 

Article 2 (2000):

Hähnlein et al. (2013) Energy Policy
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Increasing groundwater temperatures
Comparison GWT and SAT in Karlsruhe
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http://www.agw.kit.edu/24.php
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Increased groundwater temperatures in cities
Status quo in German cities

Menberg et al. (2013) Science of the Total Environment



5

Subsurface urban heat island (SUHI)
Temperature-depth-profile in Berlin

Menberg et al. (unpublished work)
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Numerous anthropogenic sources
SUHI

Menberg et al. (2013) Science of the Total Environment
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GWT dominated by regional climate patterns
GWT from 12,000 wells

Tissen et al. (accepted) Environmental Research Letters
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Largest heat impact by factory and city
Anthropogenic heat intensity (AHI) by land utilisation class

AHI = GWT – median(GWTr)

Tissen et al. (accepted) Environmental Research Letters
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Underground carparks are key heat polluters!
Air temperature and GWT in an underground carpark in Zurich

► Underground carpark exceeds legally binding 

threshold value in Switzerland.

► Underground carpark is “illegal”! 

SAT = GWT

Tissen et al. (accepted) Environmental Research Letters
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Three main groundwater fauna groups
Groundwater fauna

Crustacean

Spengler (2017)

Halse et al. (2014)

treadworm (Nematod)

Fuchs et al. (2006)

water mite (Acari)

de Silva et al. (2015)

flatworm (Turbellaria)

Vila Farre et al. (2011)

“earthworm” (Oligochaetes) 
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Heterogeneous distribution of groundwater fauna
Groundwater fauna

Koch et al. (in prep.)

Crustacean

treadworm (Nematod) water mite (Acari) flatworm (Turbellaria)

“earthworm” (Oligochaetes) 
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Fauna influenced by land use and GWT
Groundwater fauna

Koch et al. (in prep.)
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Thus, we would like to propose this…

Water 

Protection 

Zones
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* groundwater temperature reduction by 2 - 6 K 

*

Zhu et al. (2010) Environmental Research Letters

Increased GWT are an energy source!
Geothermal potential of worldwide cities

► Increased GWT could be used by geothermal applications (ATES, GWHP, 

GSHP), thus restore the natural thermal state of the aquifer (SUHI). 
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► Legally yes (EU WFD)

 Heat is a potential pollutant.

► Increased GWT may have negative effects on:

 chemical and physical conditions of groundwater, 

 groundwater fauna,

 and drinking water quality. 

► However, increased GWTs are also a huge energy source, which can be 

harnessed by geothermal systems.

Is Heat a Contaminant?

Aquifer Thermal Energy Storage (ATES) 

system for heating (Arlanda airport in Stockholm) 

http://underground-energy.com/our-technology/ates/
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