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Fig. 2. Map showing the locations of aquifer thermal energy storage (ATES) systems and groundwater
protection zones for | public supply well fields in the province of Noord-Brabant. the Netherlands. ATES
data were sourced from provincial authorities: groundwater protection zones data are courtesy of the

National Institute for Public Health and the Environment.

[Bonte et al. (2011): Underground Thermal Energy Storage: Environmental Risks and Policy
Developments in the Netherlands and European Union. Ecology and Society]&Y 5|
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Table 1. Qualitative overview of nisks of low-temperature (= 30°C) underground thermal energy storage
on groundwater systems.

Megative effect of underground thermal Probability! Consequence’ Fisk®
ENETZY StoTage

Hydrological impacts

Changing water levels snd fluxes + Diesiccation, water logging, seftlements =
Changing other well's capure zone ++ Increasing valnerability, polloton +
Poorly sealed boreholes + Cross-aquifer fow +
Thermal impacts

Changing watsr iemperamre ++ Temperamre, reacion kinstics +
Chemical impacts

Whxing processes and chemical reacions + Salimity, IMTPC, ORIPO
Feactivation of otherwise stable + INIPO, ORIPO

eronndwarer pellubdon phimes

Oidation of orzanic matier = Wuirients, DOC, color +
Oidation of iron sulfides + Fe, 50, As, Ni, Co, Zn +
Dhizszoluton/precipitation of carbonates - Ca, HCO,, 5r =
Dhissolution/precipitation of silicates - 510, =
Leaching from installation materials = Cd, Cu, Cr, Ni, Pb, VC +
Leaking ant-fresze fluids or addidves = Glycol, biecides, comosion inhibitors +
Microbiological impacis

Infroducton or mobilizadon of pathogens - Pathogens =
Increasing bicdegradation rate + Iirients, IMIPO, OMMIPO -or+
Changing microbiclogical population + Unknown ?

"Probability of occurrence 1s small (-), moderate (=), high (+). or almost always (++).
5 = morganic muicro-pollutants, OMIPO = orgamec micro-pollutants, D&C = dissolved organic
carbon, VC = vinyl chlonide.

iProbability of risk 15 negative, resulting in opportunity (-); none (); low (+), high (++).

[Bonte et al. (2011): Underground Thermal Energy Storage: Environmental Risks and Policy
Developments in the Netherlands and European Union. Ecology and Society]&Y 5|
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Table 5

International technical temperature limits for the heat carrier fluid inside the
borehole heat exchanger of a GSHP system.

Country Temperature Temperature Temperature
difference [K] maximum [°C]| minimum [°C]

Austria +15 35 3 )

Denmark - 25 2

Germany +113+17 P - -

¢ With weekly mean load.
b with peak load.

Table 7

International groundwater temperature thresholds for open geothermal systems.

Country Temperature Temperature Temperature
difference |[£K] maximum |[°C] minimum [°C]

Austria 6° 20 5¢

Denmark - 25 24

France 11° - —

Germany 6P 20° 54

Great Britain 10° 25P =
Liechtenstein —3/+1.5° - —
Netherlands - 25 54
Switzerland 34 - -

* Legally binding.
b Recommended.

[Haehnlein et al. (2010): International Legal Status of the Use of Shallow Geothermal
Energy. Renewable and Sustainable Energy Reviews]&kY 5| F

49



Table 6

Recommended and legally binding minimum distances for closed and open geothermal systems.

GSHPD X B &x/INiE B

Country Closed systems Open systems Legal status
Austria 2.5m to the next property line - Recommended
China 3-6 m to the next BHE - Recommended
Czech Republic 5m to the next property line 5m to next property line Legally binding
Denmark 300m to drinking water well - Legally binding
Finland 30 m to all wastewaters, 20 m to the onsite wastewater - Recommended
treatment system, 5m to the sewers and water pipes,
20 m to the dug or energy well, 40 m to the bored well,
3m to the next building, 10 m to the next property line
Germany 5m to the next property line, 10m to the - Recommended and
next installation state specific
Greece - 5m to the neighboring buildings, Legally binding, if
20m to the next power line included in permission
Liechtenstein 3m to the next property line, 6m to the next installation - Recommended
Sweden 10 m to the next property line, 20m to the 10m to the next property line, Recommended
next installation, 30 m to the next drinking water well 20m to the next installation,
30m to the next drinking water well
Switzerland 3-4 m to the next property line, 5-8 m to the next installation - Recommended/Legally
binding

[Haehnlein et al. (2010): International Legal Status of the Use of Shallow Geothermal
Energy. Renewable and Sustainable Energy Reviews]&kY 5|
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