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Geothermal Trenches e NI

Technology
» Closed-loop vertical collectors
* Inserted in trenches or holes of a few M depth

Urban potentials
« SUHI effects raise ground temperature
« Capture surplus heat from infrastructures

Advantages & disadvantages

Rarely applied, often overlooked
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Van den Ven et al., 2024: Analytical solution for the simulation of ground thermal conditions around planar trench collectors. Geothermics 124, 103123.

Hemmerle et al., 2022: The evolution of the geothermal potential of a subsurface urban heat island. Environ. Res. Lett. 17 (8), 84018.
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Collector geometry
* Linear loops, coils, vertical flat-plates

Installation parameters
* Depth, orientation
« Spacings, distances from infrastructures

Subsurface & climate conditions
« Seasonal temperature variation
» Subsurface thermal properties
» Soil moisture, groundwater ...

Source: Reddit.com
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https://www.reddit.com/r/HVAC/comments/ita49q/view_from_the_trenches_horizontal_geothermal_loop/
https://www.reddit.com/r/HVAC/comments/ita49q/view_from_the_trenches_horizontal_geothermal_loop
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Research Gaps & Contributions

Innovations & awareness
« Heat recycling largely unexplored

Tools & processes -
2 > Proposed Solutions

« Lack of versatile models
 Oversimplified processes Complementary

. Soil freezing often neglected Modeling Approaches

Validation & standardisation 5) @m@ﬂyﬁg@@ﬂﬂ
« Field data is crucial ) Numerica

« No common design optimization methods
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Analytical models for design
* Fast, sufficient accuracy for first design
* Practical and easy to handle for small systems

.
-~ X ground surface
Tsuwr=0

-
-
-~
-~

Main components Hi |
« Heat conduction via finite plane source (FPS) .
 Thermal resistance network for fluid temperature
» Seasonal subsurface temperature variation
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Van den Ven et al., 2024: Analytical solution for the simulation of ground thermal conditions around planar trench collectors. Geothermics 124, 103123.
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A) Analytical Approach — Model

6 mm = d.

Heat conduction representation

« FPS solution 7 6 mm = d.

« Soil thermal conductivity, diffusivity (: : I :
Collector resistance A adia ET o i i

« Overall resistance R. 2> 0.00429 (m?-K)/W = TJE).,HT,. ;::’

: 2l adiabatic|[oW= § | = b

Boundary assumptions e ,’," l._je E

» |deal soil contact, uniform flow ) ,,‘;' E

« Spatial averaging of subsurface temperature | S \;;’ -| ------ -

« Seasonal temperature variation ,ﬁ\

a) b)
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Van den Ven et al., 2024: Analytical solution for the simulation of ground thermal conditions around planar trench collectors. Geothermics 124, 103123.

Van de Ven et al., submitted 2024: Behaviour of the subsurface as a reaction on an operating planar trench collector. Scientific Data.
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A) Analytical Approach - Demo Site =

Location
* Biberach University of Applied Sciences

Trench collector parameters
* Length 7 m, height 1.2 m, thickness 6 mm

Construction challenges
« Collector plate and steel mats not fully centered

Measurement equipment
« Pt10O0, fibre-optics, soil moisture
* Initial data published on Zenodo
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/an de Ven et al., submitted 2024: Behaviour of the subsurface as a reaction on an operating planar trench collector. Scientific Data.

/an de Ven et al., 2024: Data set of a thermal response test on a planar trench collector. https://ze



https://zenodo.org/
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A) Analytical Approach - Results

Experimental setup
e Flow: 1.0 m3/h, const. |
« Heat input: 0.88 kW (105 W/m?2), const. 22.5 4

Comparison with measurements

T
e}
in %

asurement

o &
< -
. . . £ 1751 3| 8
« High initial deviation decreases rapidly B gEd - — analytical model | [ 4 §|§
: 2 s iati ~| 2
- <10 % after short runtime = 12544 it b2 |
: T 1004 % s’ 2
Conclusions on model performance \_ O Lo 1S
. . 75 4 N
« Good agreement with field data 5.0 . 3
: P =f Q Q Q Q Q Q
e Practical, robust, efficient tool NQ@ ORI ORNS «QQQ

time in minutes
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Van den Ven et al., 2024: Analytical solution for the simulation of ground thermal conditions around planar trench collectors. Geothermics 124, 103123.

Van de Ven et al., submitted 2024: Behaviour of the subsurface as a reaction on an operating planar trench collector. Scientific Data.
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B) Numerical Approach - Model stors

Focus
« Waste heat recycling of Water Gravel Thermal Energy Storage (WGTES)
« Techno-economic feasibility
« Parameter studies for optimum design

Components
« Water-Gravel Thermal Energy Storage
 Groundwater - waste heat plume
« Downstream geothermal trench
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Bott et al., 2024: Influence of thermal energy storage basins on the subsurface and shallow groundwater. Journal of Energy Storage 92, 112222..
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B) Numerical Approach - Model

“) 4 MaTiap FLE

Framework
« a) STORE: 25D, WGTES, component-based
o) COMSOL: 3D, multiphysics, subsurface
- Co-Simulation Building Elements Thermal Processes

B Water-Gravel I Conduction

Trench representation . HPDE ol 3 i
B Extruded Polystyrene Foam

« Vertically stacked loops, DTS for monitoring [0 Conerete
« Uniform extraction ) acomsoL il

Boundary conditions, datasets
« Ambient conditions and parameters
* STES operation, geometry, materials
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Bott et al., 2022: Component-based modeling of ground-coupled seasonal thermal energy storages. Applied Thermal Engineering, 118810.

1 Inversed Thermochne
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Bott et al., 2024: Influence of thermal energy storage basins on the subsurface and shallow groundwater. Journal of Energy Storage 92, 112222..
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B) Numerical Approach - Demo Site

Location
 INTERSTORES Reno-sTES site, Ingolstadt

Site context
* Reuse of firewater basins
Conversion into buried WGTES
« Multifunctional (seasonal + short-term)

Trench innovation & integration
» Installed in groundwater downstream

Connected to local DHN
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https://interstores.eu/

Storage energy balance
e Trench: 97.6 MWh in/59.7 MWh out,
« Notrench: 97.4 MWh in /59.9 MWh out
* STES operation not negatively affected

System efficiency
e Trench: 85.3% vs. no trench: 61.5%

Environmental benefit
« \Waste heat plume effectively contained
e« 20°C thermocline within a safe distance
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B) Numerical Approach — Results s
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Analytical approach
* Fast, low-complexity design
« Calibrated with <10% deviation from field data

Numerical approach
« Detailed simulation of trench-WGTES interactions
« Total storage efficiency increase from 61% to 85% for example

Both approaches - Highlights
« Support robust planning & design
« Complementary for different planning stages/objectives
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Summary - Challenges & Outlook = s

Analytical approach
* Limited to idealised conditions
« May not capture complex interactions

Numerical approach
« High computational demand
 Requires detailed site data, calibration

Both approaches - Future work
* Include long-term effects
* Apply to other geometries, environments
« Combine to allow flexible, accurate planning
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Contents lists available at Science

Contents lists available at Scie

Geothermics

Journal of Energy Storage ﬁ

SEVIER journal homepage: www.clsevier.com/locate/geothermics journal homepage: www.elsevier.com/loca
n Research Papers 2 )
Analytical solution for the simulation of ground thermal conditions around & Influence of thermal energy storage basins on the subsurface and s
planar trench collectors shallow groundwater
Adinda Van de Ven ™, Peter Bayer ”, Roland Koenigsdorff® Christoph Bott* , Abdulrahman Dahash ”, Maximilian Noethen ®, Peter Bayer *
* Hochschule Biberach (HBC), Institute for Building and Energy Systems (IGE), Karlstrafe 11, 88400 Biberach an der Rif, Germany * Department of Applied Geology, Institute of Geosciences and Geography, Martin Luther University Halle-Wittenberg, Von-Seckendorff-Platz 3, 06120 Halle, Germany
* Department of Applied Geology, Martin Luther University Halle-Wittenberg, Halle, Germany ® Center for Energy, AIT Awstrian Institute of Technology GmbH, Giefinggasse 4, 1210 Vienna, Austria
ARTICLEINFO ABSTRACT ARTICLE INFO ABSTRACT
Keywords: Vertical planar installations in geothermal heat supply. Keywords: Scasonal thermal energy stord modern energy systems.
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