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Large-scale seasonal Thermal Energy Storage (TES)

e Task

* increase the share of renewables in the energy
system

* support the energy transition
* enhance the sector coupling

e Applications
* District heating networks

* Types of large-scale TES
*  Tank
* (Danish) pit

Berlin tank TES (https://qroup.vattenfall.com/de)
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https://www.gigates.at/index.php/de/
https://group.vattenfall.com/de

Integration of large scale TES in energy systems
Challenges

1. High construction costs
2. Liner durability

3. Envelope performance
. Cover insulation
e Wallinsulation

4. Stratification decay

Pit TES in Dronninglund (source: PlanEnergi, 2017). Tank TES in Munich.
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Envelope performance
Degradation of TES insulation

e Convection in porous media

* Moisture penetration
Failure during construction (i.e. liner welding).
Diffusion from storage water through the liner or through leakages.
Moisture penetration from snow and rain.

Construction moisture.
Air bubbles in case of floating insulation cause an uneven surface in contact with the water.

Solutions to remove cover insulation moisture

permeable upper liner

forced ventilation through the insulation layer

ventilation pipes
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Envelope performance

How to improve the design and thus the performance of TES envelope (i.e. insulation)?

design of cost-optimal and efficient envelope components

= deep knowledge of insulation materials behaviour at TES operating conditions

= support of (multi-physics) numerical tools
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Experimental set-up

Porous cover
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Numerical model of TES cover
Equations

Convective heat flux
Convective heat flux / adiabatic Heat transfer
Adiabatic

O Temperature sensor

aT
i (pCp)qu =V - (2egVT) - (pCp)equ a

Momentum equation (Brinkman)

Test material (FGG) du ] 2n n
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. e L oT
Simplification (pCP)eq = = V- (ﬂeqNu VT) where h = M
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Numerical model of TES cover
Equations

Convective heat flux

Convective heat flux / adiabatic Heat transfer
Adiabatic
O Temperature sensor oT Dy,
C —=V-(1,,VT)— (pC VT +V -\ L, ———
(p p)eq at ( eq ) (p p)equ + (RT,udlff> ((p psat)

Momentum equation (Brinkman)

Test material (FGG) du

pa=v [ pl +— (|7u+(l7u)T)+ (Vu)I]+pgﬁ(T T)+ u

Y 39

Stainless steel container
/ Moisture transfer

Heating plate
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Results
Central sensors
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Results

Vertical temperature profile:

Lateral sensors measured and simulated profile
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Results

Temperature contour plot and velocity field
for the case with realistic boundary

conditions.
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Results
Influence of moisture

In presence of porosity, however, both heat and moisture
transport are enhanced by the air and moisture fluxes
driven by the density gradients.

aT av
(Pcp)eqa =V-(ANuVT)+V-|Ly RTin V(@Psat)
ow D,y
Frie i —mv(@ Psat)

A Nu : effective thermal conductivity / [W/(mK)]
Uesr: effective water vapor resistance factor

Comparison between simulated (continuous lines)
and measured (black dashed line) drying curves
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Conclusions

* Inthe presence of high temperature differences and bulk thicknesses, natural convection is not a
negligible factor.

* Anin-depth knowledge of the behavior of the insulation materials is essential for the efficient design of
thermal insulation solutions.

*  The combination of component-based experimental testing and numerical modelling provides
important insights for the design of efficient TES envelope solutions.
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