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Mittel- und Hochtemperaturspeicher — Konzepte Rock bed 1.0

- axiale, vertikale, radiale
Speicherarten = Buhat
Rock bed 2.0

Stein
Festkdrper Quarzsand
Speichermaterial ‘Stahlschiacke
Keramik

Sensibel

Materialien

N
Keramiken ader Metalle

Tharmischa Fliissiges/Gasférmiges :
Speichermaterial Perforierte nblacke

Energiespeichiar | AjlbsiRmstsl Beton mit iniesﬁenén F!o.h.mn
Mauerungen

Hauptsachlich NaNO; KNO; Stahlbléicke
(Keramische) Formelemente

UNIVERSITY OF APPLIED SCIENCES B.Eng. Michel Textor - 15.11.2021
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Rock Bed 1.0 and 2.0 at DTU Energy
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Rock Bed 1.0 and 2.0 at DTU Energy
.

Heaters
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500

400

300

Concrete

200 Rockwool

Brick insulation
100
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Rocks (Swedish diabase)
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Fig. 1 Temperature and air flow streamline after 6h charge with Re = 12
and NTU = 56 [2]. » two different rock sizes (8-11 mm and 16-22 mm)

* piping and heaters mounted on top of the storage

* middle pipe for reversed flow direction
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Video of (dis-) charge flow direction
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DTU (X X Jelelele 00
2=  HT-TES pilot plants built at DTU Energy

Droplet 247 cycles, approx. 3500h
\ = e

[1].[2] - [31.14]

Vpp =1.5m3 Vpp =3.2m3

P, =30 kW, P, =45 kW,

T, =600°C Ty, <675°C

Cy, =450 kWhy, (AT =600 °C) Cy, = 1000 kWhy, (AT =600 °C)
Nrr < 68.5 % (with one layer) Nrr < 80.7 %
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Fig. 2 Reconstructed temperature profile during a) 600°C/200 m3/h charge and b) following 200 m3/h discharge.
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Fig. 3 Outlet temperature and power over
time for a 300 m?%h discharge following a
24h/140 m3¥h charge with different heater
set temperatures [3].
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Fig. 4 Outlet temperature and power over
time for four different discharge flow rates
following a 24h/200m3/h charge with 600 °C
(3].
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Fig. 5 Energy E . imeo (Pars) and charge efficiency ncy (bullets) for different 24h charge operations.

Innovativer Schiittgut-Hochtemperaturspeicher - THM Online-Workshop DTU Energy

000 0000 OO
Heater set temperature and flow rate Il
o e 1200 . ; Y 95

1000 f 1000 f =

= o0 <~ = {90 <
= = = 5
= 800F ~ =< 800 ~
2 & 8 oy
= =] = =
£ 600f 185 -g 5 600 185 -33’
&y % m” £
g 400} e & 400} o
2 g 2 180 2
i BOs = S

200} 200
0 75 0 15
600 625 650 675 140 170 200
Heater set temperature ( °C) Charge flow rate (Nm3 /h)
a) 140 m3/h charge with four different heater b) 600°C charge with three different charge
set temperatures [3]. flow rates [3].



=
—
—

000 0000 Q0

i

Consecutive cycles

Tab. 1 Round-trip efficiency and maximum outlet temperature of four consecutive cycles each consisting of 24h charge
(600 °C, 200 m?3/h), 24h rest and 24h discharge (200 m3/h) [3].

Cycle 1 Cycle 2 Cycle 3 Cycle 4
Nrt [%] 68.8 70.4 70.7 70.8
Tmaxout [CCl 442 1 448.8 450.2 451.6

(o)
o

N
(&)
T

Ve :I‘
© 35 / .
I - 7 '
e H
E £
9 30 i
@
2
825 i

20 —Charge —

—Rest

B/, —Discharge
15 e L 1 L 1 1
0

50 100 150 200 250
Time (hours)

Fig. 6 Average concrete temperature during four consecutive cycles constisting of 24h charge (600 °C, 200 m3/h), 24h
rest and 24h discharge (200 m3/h). Solid: top position, loosely dotted: middle position, densely dotted: bottom position [3].
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== Performance loss after 3500h cycling
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Fig. 7 Temperature as a function of time for all three radial positions (R1,R2,R3) and three
axial positions a) z=300 b) z=700 c¢) z=1100) in NW orientation during 200 m3/h 600°C charge
in April 2019 (solid) and July 2020 (dashed) [4].
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Fig. 7 Temperature as a function of time for all three radial positions (R1,R2,R3) and three g
axial positions a) z=300 b) z=700 c¢) z=1100) in NW orientation during 200 m3/h 600°C charge .

in April 2019 (solid) and July 2020 (dotted) [4].
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Possible reasons for performance difference:
Ambient temperature
Rearrangement of rocks and thermocouples

Degradation of rocks
Degradation of insulation
Dust

15 November 2021 Innovativer Schiittgut-Hochtemperaturspeicher - THM Online-Workshop

DTU Energy



=
—
—

i

15 November 2021 Innovativer Schiittgut-Hochtemperaturspeicher - THM Online-Workshop

Material-level degradation
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Fig. 8 Single-lens reflex camera and SEM imaging of raw and cycled diabase. i - . - - ;
Numbered areas in SEM images correspond to main minerals identified with their 0w Tjgfpm‘j;gc 0007w
chemical composition in EDS [4].
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Fig. 9 Specific heat capacity over
Tab. 2 Densitometry for raw and cycled diabase [4]. tr‘:renapsirz?r::nts [ 4]based on DSC

Bulk density of raw diabase Bulk density of cycled diabase
(103 kg/m3) (103 kg/m3)

3.02 + 0.01 2.98 + 0.01

Additionally, thermal expansion is measured experimentally in order to investigate if thermal ratcheting leads to a) cracking of rocks and b) abrasion and dust formation.
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Ongoing activities

Test method for accelerated lifetime testing of storage material

Integration case studies in Denmark (dynamic system models in Modelica)

IEA Task 36 ”Carnot Batteries” (Task manager: Dr.-Ing. Dan Bauer, DLR) [5],[6]
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Thank you.

Kai Knobloch
kaikn@dtu.dk

Kurt Engelbrecht
kuen@dtu.dk

Yousif Muhammad
youmu@dtu.dk
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Associated DTU publications

[1] Design and testing of a horizontal rock bed for high temperature thermal energy storage, Soprani et. al.,
Applied Energy, 2019, doi: 10.1016/j.apenergy.2019.113345.

[2] Modeling of high temperature thermal energy storage in rock beds — Experimental comparison and
parametric study, Marongiu et al., Applied Thermal Engineering, 2019, doi:
10.1016/j.applthermaleng.2019.114355.

[3] A Partially Underground Rock Bed Thermal Energy Storage with a Novel Air Flow Configuration, Knobloch
et al., Applied Energy, 2021, under review.

[4] Degradation of a Packed Bed Thermal Energy Storage, Knobloch et al., Applied Thermal Engineering,
2021, under review.

[5] Carnot Batteries (CB): A State-of-the-art Review on CB Components, Ting et al., Renewable and
Sustainable Energy Reviews, 2021, under review.

[6] Carnot Batteries (CB): Techno-economic Assessment and System Integration, Vecchi et al., Renewable
and Sustainable Energy Reviews, 2021, in preparation.
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== Back up: Construction of the Rock Bed 2.0
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Back up: rock selection

_10mm stratification l

i

v

pressure drop l

Average c,, after
heating times
Density [J/(K*m?)]

Petrologic Average c, raw Average c, after Density
classification [J/(K*g)] heating [J/(K*g)] [g/cm?]

Anorthosite Norway Yes 1.08 0.95 2.71£0.09 26

Sweden,

Diabase \ Yes 1.13 0.96 2.75+0.09 2.6
Finland

Basalt CrommEng] Yes 1.08 0.85 3.00 + 0.39 2.6
Austria
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Back up: strain gauges
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Back up: P2H2P with conventional WSC

air cycle water-steam cycle

T~
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packed bed
%resistive heater CI) @
@ blower
@ boiler E @ @
@ turbine —
(© generator ® @
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