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Introduction

* HORIZON Project INTERSTORES
— 14 Partners from 9 countries

e 2 demo-sites

— Large sTES at IN-Campus (18,000 m3)
* Combination with 5GDHC, LowEx and waste heat
* Re-purposing of existing infrastructure as sTES

— World‘s largest sTES at Varanto (1,000,000 m3)

* High-temperature storage
* Combination of electric boilers and large heat pumps

 As WP4 (Systems) lead, we will develop system models
and optimal control strategies
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Source: https://interstores.eu
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Modeling process
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Model inputs

Design parameters

Boundary conditions

Physical description

SsTES model in COMSOL

Multiphysics model
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Simulation results

Temperatures

Thermal losses

Charged/discharged energy

Calibration
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sTES model in Modelica
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STES design values for modeling

(Vol STES 100’000 m3)

< 40 Charge
E St Idl
. < ore e
* |deal operation cycle: 360 days : O
&= -20
©° .
. . > 40 Discharge
* Duration: 5 complete cycles P
. 25
* STES size: N
O
; - .. Volume (m3) 20’000 50’000 100’000 150’000 200’000 c 15
a&b (m) 62.5 84.8 108.4 124.0 135.8 Elo
Height (m) 85 115 13.5 15.5 17.5 L
al&b1 (m) 33.0 45.0 61.6 70.3 75.2 >
Slope (°) 30.0 30.0 30.0 30.0 30.0 0
100
. . 90
* |nsulation and soil: o
£
U-Value wellinsulated noninsulated % Density 2100 kg/m3 :2 70
Top 0.1 W/m2K 0.1 W/m2K : Thermal conductivity 1.8 W/mK 60
Side & Bot 0.15 W/m2K 90 W/m2K & Specific heat capacity 1333 J/kgK 5
0 90 180 270 360
Days
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Detailed, multiphysics model

* Numerical model of large TES in COMSOL Multiphysics© supported by finite element method;

* Features: Qtop Cover
— Dimensionality:
* 2-D (tank, cone), 3-D (pyramid) _HH—H—FHFH R R HERRREE IRAH TETTTEET o e
— Storage media: AR AP PN A 2
¢ Water, water-gravel, sand A A AR A A A o — cromawater
— Construction type: Mg A Ay NI Ay g Ay Ay Ay # - it AR

» freestanding, buried (partially or fully) : Insulation
— Geometry: |:

* tank, cone, pyramid | Liner
— Ports: |:

« different numbers of inlet/outlet ports (diffusors) | Ground/soil
— Surroundings: :

* soil/ground, groundwater existence
Source: Dahash et al. (2020). Toward efficient numerical modeling and analysis of large-scale thermal energy

storage for renewable district heating systems. Applied Energy, 279. doi: 10.1016/j.apenergy.2020.115840.
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sTES Modelica model o] .

<+

e Stratified tank model (my* hy)

— Buildings.Fluid.Storage.BaseClasses.PartialStratified *

— Modifications:
* Shape of truncated pyramid
* Equidistant discretization (mi* h|)
*  Fluid connector for in/out connection to each segment

* Buoyancy model
— Buildings.Fluid.Storage.BaseClasses.Buoyancy*

nX nX
— Modifications: (mn* hn)
Different volume sizes for each segment QBOTﬂ - =i\ > =;
*  Ground model > >

— 2D grid using finite volume method
— Each element has 4R1C

Ground
nY
-

*Buildings Library 11.0
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Results — thermal losses

— Volume dependency: differences increase with bigger volumes

3’200 H Qtop
3’000 B Qsid
* Total losses Q,;: 7300 abor
Difference ranges from -1.8% (200k m?3) to -0.2% (20k m?3) :ZS
* Top losses Q,,: 20
Differences increase with decreasing volume: -0.7% to -2.4% % izzz
* Side losses Q;: 4 vom
Difference largest at higher volumes (-3.0%), positive at lowest ;g 1400
volume (0.7%) £ 10
* Bottom losses Q, ;: o
Difference between -0.3% (100k m3®) and 1.2% (150k m3) 600
e Summary: iZZ
— Consistency in Q,,;: good agreement to COMSOL results 0 <
:

Dymola

3  COMSOL
Dymola
COMSOL
Dymola
COMSOL
Dymola
COMSOL
Dymola

200.000m3  150.000 m3  100.000 m3 50.000 m3 20.000
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Results — temperature deviation

 RMSE Top layers (95% & 75%) on average 1.4 K > - - oo
e RMSE Mid layer on average 1.7 K E— 0000

 RMSE Bot layers (25% & 5%) on average 1.9 K

* Summary:

— Consistency in temperature: Both tools closely aligned

— STES Model performs best for the 100k m3
* Volume impact: Smaller/larger tanks show larger RMSE

Height of Layer in % of Tank Height

0

0.5 1 1.5 2 2.5 3
RSME of Temperature compared to COMSOL model in K

8



Funded by 10-11 September 2024

10t International Conference on Smart Energy Systems Lucerne University
| N T E R 7 of Applied Sciences
ot and Arts

the European Union #SESAAU2024

QP STORES
Results —temperature

* 5 relative heights

— 95% represents temperature close to the lid
— 5% represents temperature at the bottom

* Fluid temperatures diverge immediately after
changing between charging and discharging

 Temperatures converge to similar values under
steady-state conditions

* Bottom of storage
Modelica model overestimates maximum temperatures

* Top of storage

Model underestimates temperatures

9/°c]

9/°C]

9/[°C]
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100
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90
80
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40
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t/[day]
Modelica h* = 0.05 h*=0.25 h*=0.5 h* =0.75 h* =0.95
COMSOL h* = 0.05 h*=0.25 ====-h*=0.5 ====-h*=0.75 ====-h*=0.95
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Results — energy balance

10000

* Charged energy
4-6% lower compared to COMSOL

* Discharged energy
4% lower across all volumes compared to COMSOL

8000
6000

4000

2000 | I I

-2000

o

* Summary
— Dymola consistently underestimates energy compared to

Charged / Discharged Energy in MWh

COMSOL o
— Volume Impact: differences remain relatively stable across 76000
tank sizes B T T e T2 =2 =] 2 =
o ° o S o 35 @) 5 o o
S &£ £ & £ & £ &£ § &
8 [a] 8 [a] 8 (a) 8 [a)] S [a]

200.000 m3  150.000 m3  100.000 m3 = 50.000 m3 20.000 m3

B Qch mQdc 10
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Results — dynamic behavior
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e Comparison with Dronninglund PTES storage
— Data Source Dronninglund monitoring
— Measurement period: 2016
I I Volume (m3) 59’287
a&b (m) 90
Height (m) 16
al&b1 (m) 26
Slope (°) 26.5
* RMSE

— Top layers (95% & 75%) 3.1K
— Mid layer 3.3K

— Bot layers (25% & 5%) 2.8K
* 0.8% higher charging and 4% higher discharging
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Conclusion & outlook

I 0 b
I
* Model performance e q e
— Deviation < 2%: High accuracy in temperature simulations ;W
— 4 sec. simulation time for 1-year simulation (time step 1day) — 7 ke coidos
— RMSE < 3K in dynamic case (Dronninglund — 2016) L\ — . =
‘ealExpression1 7 e P . .

* Calibration & Enhancements et [—t 7 im-— - ..... S

— FMU Export = Enabled parameter calibration via Python
— Future Enhancements: f-# 35
* Introduce different storage media, like gravel, for increased == | | | Ll L x o
versatility g
* Model refactoring = improve simulation speed and support L
open access .

* Implementation Goals
— MPC Integration for real-time control sou_1 SiN_2 10 fow

s H_flow H_flow I
L I—
Hin_flow HOut_flowe
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