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Direct thermochemical water splitting
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Cycle process — step 1
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Cycle process — step 2 B
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History of Hydrosol technology
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ASTOR reactor
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« Automation and control
« Optimization of material, design + operational strategy
« Modeling of reactor and process
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Automation Heliostat field control
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Automation and control
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Simulation model
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Multiphysical model

Fluid Thermal
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Thermochemical relations of Ceria redox cycling
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Basic system behavior
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Operational parameters for optimization
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3) Results on optimal operational strategy
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Optimal parameters for 9,,,, = 1400 °C _

11.2
-
b 02 =" 1 Wi A 1.1
' modael Tunction i :
1300 /’/ ST A
06 o L. 12 r:::*&’ < 3}}‘3}
’ ¥ S e I S RN
S "t‘:“:" ‘:‘z"“t":‘“}g“‘s S
== e P P R e B S R
| et o e e NSy i
e S s S e
L / 08— . 1 e e A o i s
! e A S S B S e
e e P S e e i S ey
—_ = e R B S
&= T o it ek Sy i
-l | g s s e e T
e ’_,_ffﬂ-f- = 0.8 9,:4.g.:.,%o‘o,q,o,:,:,:.::g:::::.::o::::‘,‘;:‘.‘:g«
4 ® /'/—’— —A il Lo KRR O B 0.9
— AR f’_’_,—‘-'— @ ;
o 1100 = g
o e} 2 ! e
l—x it 14— 0.6 S S e ‘:“::::::‘::z‘ :“ ::&5:
i g A e I
% Geaias gty
e
1000 = 0.8
04—
i)
-~
L
900 0.7
1 1 1
g t 800 800
1300 1320 1340 1360 1380 1400 [s] t_ [s]
4 _ [°C] o red
red

Cf‘li”.t"“rp"’t of plant Process  OealCl  Ooxl°Cl treals] toxls] mit,[ke/hl 1ty olke/h] Miancl%]
e ICIenCy parameter

(for temperatures) Optimalvalue 1400  892.7 2785 169.0  231.3 105.8 1.20

SFERA-III Summer School “Smart CSP: How Smart Tools, Devices, and Software

Jorg Lampe can help improve the Design and Operation of Concentrating Solar Power Technologies” 22



SFERA-II

Optimal parameters for 9,,,,, = 1500 °C
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Optimal parameters for 9,,,,, = 1600 °C and 1700 °C

Process Ureal’Cl  Uox[°Cl treals] tox[s] mpy,lkg/h]l mpy,olke/h] Npian:(%]

parameter temp_SW|ng
Optimal value 1600 1080.4 110.0 123.6 137.5 70.8 3.92

VS.

Process Ureal’Cl  Uox[°Cl treals] tox[s] mpy,lkg/hl mpy,olke/h] | Npianc(%]
VUreq = Vox parameter

Optimalvalue 1600 1600 325 678 | 3000 | | 300 |\ 377 / isothermal

Process Uredal’Cl  Dox[°Cl  treals] toxls] my,lkg/h] iy, olke/h] Npiant(%]
parameter

Optimal value 1700 11395 93.1 90.9 144.6 126.6 5.62
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Optimal operational strategy

« Reduction temperature at upper bound - the larger the better

« QOptimal strategy = large and fast temperature swing
- AY = 450 — 560 °C
- tcycle = tred + tox = 7.5 - 3.1min
—> with sufficient steam and nitrogen flow
2 y,o = 120 kg/h, my, = 140 — 230 kg/h

* The larger the reduction temperature...
- ...the shorter the optimal cycle
- ...the more H,/cycle is generated

Interestingly, isothermal operation...
- ...is not much worse!

- ... requires huge amount of steam
-> ... has even shorter cycles

—> ...may be superior if number of
thermal cycles included in cost function
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Design study for two locations . Optimal strategy for 8, = 1400 °C

300 1 » Multiple reactors in slightly shifted operation
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S 150 = ] o
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100 f
! : ] s Julich Tabuk
i SO 7N IR o S o Fo Annual DNI [kWh/m?] 997.8 2946.4
3 . A Monthly average DNI [KWh/m?] 30-120 205-295
4 ? N !1:_’ . 15 20 Heliostat field size per MW, [m?] 325.8 133.6
mulation Time [min] Average annual reactor running time [h] 211.8 262.6
Average annual H, production per reactor [kg] 97.9 120.4
Annual produced H, per heliostat area [kg/m?] 0.25 0.76
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Conclusions
Optimal strategy for fixed-bed reactor types - large and fast temperature swings

Specific optimal process depends on

« Reactor design - heat losses, insulation
« Material limitations - maximal temperatures
« Plant layout - maximal fluid flows, valve switching times

Prototype plant efficiency for different reduction temperatures
* 1.2% for 1400 °C | 2.1% for 1500 °C | 3.9% for 1600 °C | 5.6% for 1700 °C

Efficiency can be significantly increased by reactor re-design
* Reducing radiative heat losses, e.g. by smaller aperture
« Employing high-temperature resistant material
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