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Development of a thermochemical heat storage system = _//;\\\__Ij'%
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= System under investigation works according the principle of closed adsorption

fixed bed with integrated heat
exchanger

heat supply heat release
(high temperature) water vapour (low temperature)

water adsorbens water

storage T T

reservoir dry lequid
dischargin « «

evaporator - -

heat release water vapour heat supply
(high temperature) (low temperature)
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Overview EAT
HEATS

Aim of the project Heat2Share

= Further development of a thermochemical heat storage system
e Based on the consortium's experience from a number of previous projects
starting point TRL4-5 mm) achieving TRL6 -7

=) Development on material level Zeo§ys

=) Development on apparatus level

=) Development on system level
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= Verification of a thermo-chemical heat storage System

mm) System testing in a realistic environment

BEB - BioEnergy Berlin GmbH

mm) |ntegration in an existing district heating system
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Heating network of Barenthin

= network length: 3 km

= 29 consumer/buildings
= biogas plant + CHP

= heat demand
ca. 1100 MWh/a
CHP MTU

= thermal power: 420 kW
e ~ 120 kW fermentation
e ~ 300 kW heating network

= electric power: 360 kW
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Introduction to district heating system in Barenthin (JHE _//;-\\LT%
ol

= TCS is connected between flow and return pipe of network
to compensate load fluctuation between day and night

= Charging of TCS at flow temperature (~ 75 °C)

= Discharging at return temperature (~ 55 °C)

-biogas plant _
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thermochemical heat
storage system

Village of Barenthin
thermal demand
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Storage Material

HEAT2
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Activated carbon impregnated with calcium chloride

* Advantage
* High adsorption capacity even at low desorption temperatures
* High adsorption enthalpy
 Sufficiently fast adsorption kinetics
 cost-effective to produce on a large scale

_ cylindrical grains from ~ 2 - 3 mm
* Disadvantage produce by Zeosys Energy

* Highly corrosive
—> countermeasures: see poster “Effectiveness of Inhibitors in Reducing

the Corrosion Impact of CaCl,-Based Composites”, La3-Seyoum et al.
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Water-Isotherms* of CaCl, - activeted carbon ﬁ
LS
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*calculated from Muggele data
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Dynamic adsorption / break-through experiments

Experimental setup
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Dynamic adsorption / break-through experiments ME_//;\\\__IJ'
- on exper SHARFE
Adsorption/desorption experiments BIRIAIRIES
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Reactor optimization by numerical simulation HE_//;\\\_T%
LSIH]

Numerical model of adsorption- und desorption process

Better understanding of heat and mass transfer for complex system of closed adsorption

Model parameters are obtained from experiments or taken from literature

Support system design, for example design of heat exchanger, vessel,

[Iﬁb IGTE University of Stuttgart Henner Kerskes

10



Numerical Simulation break-through experiments

Verification of adsorption equilibrium and kinetic
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Optimization of heat and mass transfer

Heat exchanger geometry

fin-tube heat exchanger

N.-
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HE
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storage material located
between fins
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Optimization of heat and mass transfer ME_//;\\\__IJ'%
ISHAIR
Heat exchanger geometry S\ N\ [=F)
Simplification: 2D geometry with pipes and fins
0.7‘:m - 0.7‘:m L ..
065 - 0657 - Variation (example)
0.6 - 067 - * number of pipes
0.557 i 0.557 N SR i .
. avaWaWalla d o i *  number of fins
0.457 - 0.457 a * thickness of fins
0.47] B 0.47] N
0.357 - 0.357 i
0.37] N 0.3] N
0.257 - 0.257 i
0.2] B 0.2] N
0.157 - 0.157 -
0.17 N 0.17 B
0.057 - 0.057 -
0] \J B 0] B
_0.05‘5 ~ i > ™ ~ - _0.05—; \—/ \_/ \._/ E_
0.17 Example N 017 Example: N
0.157 12 pipes, 12 fins - 0151 6 pipes, 36 fins -

0.27 5 0.27 5
1G 0 0.2 0.4 0 0.2 0.4



vapor pressure [mbar]

Optimization of heat and mass transfer

Transient inlet value for the simulation from experiments
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vapor pressure at
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Optimization of heat and mass transfer

Power output of the store

Variation of distance between fins
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Conclusion Outlook

* Half time of project .

* analyses, improvements and .
optimization on all three levels have
been carried out

* entering the construction phase of the
thermochemical storage system

Goal: by end of project TRL 7 should be reached

system prototype demonstration in operational environment
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Build up scalable modular system

4 modules with 250 kg of storage material
each

connected together in one containment

integrated in district heating net
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Storage System plant
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Mdgliche Verfahren zur Energiespeicherung durch Adsorptiofif{Fo/Rsk

1

Geschlossene Adsorption ISHAIRIE)
heat supply heat release

(high temperature) water vapour (low temperature)

adsorbens water
storage dry liquid

heat release water vapour heat supply
(high temperature) (low temperature)
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Optimisation of heat and mass transfer

Numerical Simulation
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Modeling of fixed bed with flow EAT,
HEATS

Energy- and mass balance H,O

homogenious energy balance of gas- and solid phase

oT oT 92T 0,
[E "PrCof + (1 - g)ps(cp,s + xscp,ads)] E = “UrPrCpr - E + Deff ’ ﬁ + (1 - E) ) psEAhads

Mass balance of gas phase

: 2
. axhzo_ m  0xpzo 0°Xn20 0x;

D.cp- .
ot A "oz T Perr TG ot

Mass balance of solid phase

0x o)
— = kipplX*(T, py) — x5] = 15 0 ?Zz)
) S

ot

Linear Driving Force
21

Fo) =
Henflen K 7 i psRyT 0X*/0py,
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