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Agenda

Introduction of TV8.2 in the
Northern German Living Lab

. Presentation of the ATES Modelica

Model

. Results of Validation
. Summary
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TV8.2: Design and construction of an ATES for the NRL | of -
seasonal storage of waste and surplus heat /é\gﬂﬁfﬁﬁﬁ"“ﬁ 11

Targets:

* Pilot project of an HT-ATES ;*"eﬁe'g\ |

* Integration into the district heating network

Partners:

« Hamburger Energiewerke GmbH: Construction and operation of the
HT-ATES

- Institute of Engineering Thermodynamics (TUHH): Modelling of the

ATES and the above-ground facility, Validation of the models based

on measurement data Key FgfCts: ( )
" : : .. : L * Pgpwer: 2.6 MW (10.4
- Christian-Albrechts-University (Kiel): Accompanying scientific . fLapacity: 5 GWh (20
research on gas solubility and salt precipitation GWh)
* Injection temperature:
90°C
))) Cancellation of construction due to low productivity . Depth: 1200m




Motivation: ATES as a system model O NRL
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Temperature distribution in an aquifer
with buoyancy during the 15t cycle

.

Buoyancy flow significantly impacts efficiency

Estimating the impact through

Critical Rayleigh-Darcy number
Dimensionless study of Gao et al.?

Available models:

TRNSYS: TRNAST3 model Buoyancy is
Modelica: model of Maccarini et al.4 neglected

Need for a system model that takes
buoyancy flow into account.
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Assumptions and physics é\NRL 110
r

Assumptions of the model

« The subsurface is homogeneous and isotropic
(axisymmetric)

« No natural regional groundwater flow

« Single well model

« Local thermal equilibrium
 Fluid in the aquifer is assumed to be pure water

- Porosity, permeability, thickness of layers and solid

Abstraction of the

material properties are constant model
Momentum balance (Dar vz—E(V ~prg) - . dps

omentum balance (Darcy VP —Pr; Continuity equation: ¢-—+V-(p;-v)=0
equation): _— at

Buoyancy term

oT
Energy balance: (pcp)aa +(pcp), v+ VT =

Convection Diffusion 6




Modelling
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Well Screen

B Heat Port
@ rluid Port
B Aquitard
[ Aquifer

Schematic structure of the model®

Modularity of the model

. Buoyancy

Dispersion

Layering of
different
permeabilities

Well
screen
height

Optional
— physical
effects

Geological
_ foct_ors and
design
decisions
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Grid optimisation ] g NRL 110
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After mesh optimisation:

Grid element size [m]

« Reduction in the number of control volumes: 91% T 45 0|

(2,340). o - 50
 Reduction in simulation time: 94% *g e L —
+ New simulation time: 20 s for 120 days A 99 Radis ]

« Mean absolute deviation of the wellhead 60
temperature from the reference: 0.089 K

65 {
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Radial distance [m]

Significant reduction in computing

))) time while maintaining very good Optimiseq grid in the radial and vgrticol
model accuracy directions for an example aquifer




Validation - Comparison with experiment and
other numerical programs
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» Experiment at Auburn University

in 19836

Storage cycle of 120 days

60°C Injection temperature

« Numerical simulation:

»

Buscheck et al. (1983)7
Gao et al. (2019)8

Very good
agreement with the
significantly more
detailed 3D FEM
model by Gao et al.
(2019)8
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Temperature distribution
following the injection
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to Buscheck’ (dashed line),
Modelica simulation (solid
line)
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Wellhead temperature during
the production phase




Summary of the model
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User decisions:

Optional
physical
effects
Optimised
or manual
grid

Will be published in the
TransiEnt Library®

seffing .
/ geo

combiTimeTable

soil_Paramelers /

.

Graphical interface of a
test model in Modelica

List of all
important soil
parameters

Aquifer model
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Summary

NRL
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« Open-source ATES model for low- and high-

temperature operation with high accuracy

Use for feasibility studies
Use for integration into the district heating
network

Use for better understanding of buoyancy effects




Questions are

welcomel! —
] I . NST MUO oAM S;NEERING

TUHH

Hamburg
University of

Thank you for your attention!
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  𝜙 ∙   𝜕  𝜌 f  𝜕 t + ∇ ∙  (   𝜌 f ∙ 𝒗 ) = 0


     (  𝜌  c p ) a   𝜕 T  𝜕 t +    (  𝜌  c p ) f ∙ 𝒗 ∙ ∇ T =    𝒌  𝐞 𝐟 𝐟 ∙ ∇ ( ∇ T )


  𝝂 = −  𝑲 𝜇  (  ∇ p −  𝜌 f 𝒈 )
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