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1. Research goal

= Aquifer thermal energy storage (ATES) enables seasonal storage of thermal energy in

groundwater.

= This study quantifies the technical potential of shallow Low-Temperature (LT-ATES) in
the city of Freiburg im Breisgau, Germany by means of spatially distributed power

density [W m™].

= Possible heating and cooling supply rates of ATES are calculated by comparing power
densities with existing heating and cooling demands.
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Fig. 1: Model area Icoated in the city of Freiburg im Breisgau: Map overview and profle section A — A* (modified from [1]).

3. Results and discussion
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Fig. 3: Thermal recovery values for various ATES configurations in different

groundwater flow regimes.
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Fig. 4. ATES power densities for 2-doublet systems (Neuenburg Formation)
and for 3-doublet systems (Breisgau Formation).

In this study, the +0.5K-
iIsotherms are used for
delineation of the TAZ
(Fig. 2). This leads to
lower, more conservative
power densities than the
smaller =1 K-isotherms,
which are more commonly
used Iin previous, similar
publications (e.g.[2,3,4]).

= The technical potential of LT-ATES is quantified for the city of Freiburg by determining ATES power densities using

Thermal recoveries (Fig. 3) are
consistently higher for ATES
systems in the Breisgau
Formation compared to
systems in the Neuenburg
Formation (Fig. 2). Accordingly,
the highest ATES power
densities (Fig.4) are
determined for 3-doublet
systems in the Breisgau
Formation. For these systems,
Fig. 5 shows possible ATES
supply rates of residential
heating and cooling energy
demands. The highest supply
rates can be observed for
suburban and commercial
districts. Based on these
supply rates, Fig. 6 shows
possible greenhouse gas
(GHG) emission savings
calculated from a typical ATES
heating emission factor and the
current heating supply mix in
Freiburg.
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Fig. 6: Possible greenhouse gas (GHG) emission savings from ATES heating
compared to the current heating energy mix in the city of Freiburg. Calculated
for two scenarios based on data from [5,6].

numerical 3D heat transport models.
= Multi-doublet ATES designs reduce subsurface thermal energy storage loss.

= Thermal recoveries of up to 59 % can be obtained for ATES in the deeper aquifer with lower groundwater flow velocities.
= ATES power densities of up to 3.2 W m™ are determined.

= Residential ATES heating supply rates of more than 60 % are determined for about 50 % of all buildings. 100 % ATES
cooling supply is possible for 92 % of the buildings.

= GHG emission savings of up to 70,000 tCO,eq a™ resulting from ATES heating alone are estimated.

4. Conclusion

2. Methods
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= Simple and fast-to-compute 3D thermo-hydraulic numerical box models approximating
the Freiburg subsurface conditions of three designated hydrogeological regions within
the study area.
= Simulation of 1-, 2- and 3-doublet ATES systems dependent on groundwater flow in
order to achieve highest thermal recoveries TR:

extr end
TR = Eextr _ fextr start @ extr . (TGXtT _ Tamb) dt
- E. . injend
i Jins seare Ving " (Tinj = Tamp ) dt

= The power density relates the ATES heating and cooling power to the required
horizontal Earth surface, i.e. the thermally affected zone TAZ (Fig. 2).
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Simulated ATES operation:

= Pumping rate = 600 m’ d”

= Injection temperature of warm water = 18 °C

= Injection tempeature of cold water =6 °C

= 4 months heating and 4 months cooling per

year

= Two 2-months pasive storage periods

Fig. 2: Exemplary box model of a 2-doublet ATES system in the Neuenburg Formation.
The TAZ around the + 0.5 K-isotherms after 30 years of operation is highlighted.

= Separate calculation of heating and cooling power densities PD:

PDheating =

P heating fava
ATAZ - 05

Pheating = Vextr "PrCp " [(Tinj,warm

PDcooling —

Pcooling * Java
ATAZ ) 05

with

with

Pcooling = .extr "PrCpr [(Tamb - Tinj,cold) TR + (Tinj,warm
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COP
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= Calculation of heating and cooling supply rates SR from power densities PD and
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Fig. 5: ATES supply rates in the city of Freiburg for heating and cooling using the Breisgau Formation. The bar charts
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illustrate the share of the total residential buildings in each individual supply rate class.
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