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« Thermochemical Energy Storage

Heat is the most ubiquitously used form of energy

Industrial production

Heating
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Heat is the most abundant energy source for electrical
power generation

Transmission and
distribution losses

1,596
dorir ot Electricity
perlr‘l: delivered to
customers
1121 15,623

Annual energy flows in global electricity generation [TWh]

Co-generation and Renewables. Solutions for a low-carbon energy future, IEA, 2011



m Energy Storage Concepts

Sensible Latent Sorption Reaction

storage capacity, materials costs >

< TRL, storage volume




Systematic investigation of potentially suitable materials for thermochemical
energy storage with different reactive gasses, based on the HSC-database
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equilibrium temperature T, in °C
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m Thermochemical Energy Storage

Concept of thermochemical storage

Mg(OH),

Higher storage densities
Broad temperature range

Lossless (long-term) storage

Transportation possible
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Highest energy content for thermochemical storage
materials in this temperature window
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[Ni(NH5)]Cl, + 5 NH, <> [Ni(NH,).]Cl,
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CuSO, + 4 NH; < [Cu(NH,;),]SO, perfectly cycle stable
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Decomposition and formation of [Cu(NH,),]SO, under NH;-atmosphere
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Heating under N,-atmosphere, cooling under NH; atmosphere
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4th heating, N,

2"d heating, NH,
3 heating, N,

L

2"d heating, N,

1t heating, NH,

2878 1157 l
20 ‘ 15t heating

Cycling under NH;-atmosphere
A 327/2016, A345/2017; D. Miiller et al., Applied Energy 285 (2021) 116470. Cycling under N, (heating) and NH; (cooling)
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Molecular Structure of [Cu(NH;),]SO, Ry
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Single crystals of [Cu(NH,;),]SO, were obtained from
MeOH-solution

Mibared ovgereetwior i,50ev along c- v
axis, 150 K & & &

A 327/2016, A345/2017; D. Miiller et al., Applied Energy 285 (2021) 116470.
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Single crystals of [Cu(NH,;),]SO, were obtained from
MeOH-solution

P 2i/c
a [A] 14.182(3)
b [A] 7.3078(12)
c [A] 14.571(3)
B [°] 91.656(4)
Vv [A%] 1509.5
Z 8

Cell-parameters at 150 K

A 327/2016, A345/2017; D. Miiller et al., Applied Energy 285 (2021) 116470.
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Molecular Structure of |[Cu(NH-),]|SO, \?
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A 327/2016, A345/2017; D. Miiller et al., Applied Energy 285 (20£€1) 116470. <
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CuSO, expands to 2.6-fold volume during reaction with NH,

CuSO, + 4 NH, < [Cu(NH,),]SO,

CuSO4 [Cu(NHs)4]SO4
a [A] 8.3976(1) 14.182(3)
b [A] 6.70382(9) 7.3078(12)
c [A] 4.82443(8) 14.571(3)
V [A%] 271.6 1509.5

A 327/2016, A345/2017; D. Miiller et al., Applied Energy 285 (2021) 116470.
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«.CuS0O, on Solid Support-Materials

Impregnation / loading of passive, solid support materials with CuSO,

U — S —

CuS0,-5H,0
on support

Solid support Rinsing
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Cu? SO,2

A 327/2016, A345/2017;
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Various CuSO, concentrations on the different solids
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D. Miiller et al., Nanomaterials 10 (2020) 2485.
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Solid support for CuSO, decreases notably the volume work during cycling

CuSO, CuSO, on Sepiolithe CuSO, on Zeolithe 13X
10:1 wt.% 16 wt.%
2.6-fold volume 1.3-fold volume no expansion
1772 k) kgt 1263 kJ kgt 215.3 kJ kgt

D. Miiller et al., Nanomaterials 10 (2020) 2485.
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Highly comparable performance between pure CuSO, and CuSO, @ 13X

Comparing pure and loaded material

CusO, CuSO, @ 13X
Energy content 1772 k) kg? 215.3 kl kg
Storage capacity in 1 m3 1772 kWh 38.87 kWh
Max. Charging Temperature 380 °C 380 °C
Max. Discharging Temperature 65 °C 65 °C
Max. Peak-Temperature 312 °C 181 °C
Time to Peak-Temperature 93 seconds 90 seconds
2 1640?*@ ls‘;eed Estimated Price per ton 1450 € 1091 €
- Bulk density 3.6tm3 0.69tm3

D. Miller et al., Nanomaterials 10 (2020) 2485.
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Closed Cycle - A Prototype

Prototype of a closed cycle TCES-process with CuSO,

305 C $FLIR 53.5 °C $FLIR 63.1 °C $FLIR
t=1.00

n
|- |
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517 °C $FLIR| 482 °C 389°C $FLIR
t= 20’

A 327/2016, A345/2017,; ISES-Proceedings, 2018
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e Thermochemical energy storage using a
CuSO, / [Cu(NH,),]SO, storage

e 1.77 GJ m3(0.49 MWh) storage density
* Operates between 25 -350 °C
* Heat release within 20 seconds
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« A First Prototype in Shoe Box Size
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Slice View of the Energy Storage Cell

1 Storage
33 Material
CuSO,

Energy

Absorbing

Material

(Thermo-Oil)
13

All units are in mm

Patent AT50736/2023 (,,Vorrichtung zur Speicherung von thermischer Energie ")



Patent AT50736/2023 (,,Vorrichtung zur Speicherung von thermischer Energie ")
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o Simulation

o Single Unit — Proof of Concept

o Considerations

Silica Wafer or Ceramics
Connector Options
Pump Type Evaluation

Tubing Material
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Patent AT50736/2023 (,,Vorrichtung zur Speicherung von thermischer Energie ")
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A New Concept using microfluidic Chips
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Single Unit — Proof of Concept P

Measurement of gas flow and

temperature change, cycle stability

Verhaltnis 0,5:1
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Patent AT50736/2023 (,,Vorrichtung zur Speicherung von thermischer Energie ")
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* Ammoniates provide
high energy densities

* Cycle stability depends
on anion and cycling
conditions

* Appealing reaction rates

Energy Content [kJ mol ]
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Conclusion and Outlook N
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* [Cu(NH,),]SO,
enables cascade
storage

e According to the
atmosphere 1-step
or 3-step
ammoniation

First prototype
demonstrated
feasibility, but
problem with

clogging
Change of concept to
microfluidic devices
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