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Relevance of Nitrogen

* Ammonia is conventionally produced by hydrogen from reforming of natural gases and
nitrogen from air

* Significant amount of greenhouse gases
* Decarbonisation!

* Alternative: production via Haber-Bosch process from hydrogen and nitrogen
* High purities of <10ppm remaining oxygen in nitrogen are necessary [1]
* Green hydrogen & green nitrogen are required
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High purity nitrogen production by air separation
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High purity nitrogen production by air separation

Water Electrolysis
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Production of Nitrogen

e Cr ation

. energe reasonable on a big industrial scale [3] .
2% of the CO, emissions of USA and China [1, 2] -> no greel ... Retenate
Air . ; s r . N,

logy
only small producCtion capacity [4, 5] rermene
* maximal purity of 99.9% achievable [4]

* Pressure swing adsorption (PSA)
* Volume flow V¥ & energy consumption ™ for high purity nitrogen
* Economically only reasonable imocomibinationiwitin eeronokelmermic al poecess
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Thermo-chemical air separation

* Perovskites of type ABO; absorb & 5(T, po,) ")
release oxygen ABO3 &= ABO3_5 + > 0
* Non-stoichometrically

 Number of oxygen vacancies ¢ is a function
of temperature & pressure [1]

* No phase-change [1,2] Reduction
* ,mild“ reaction conditions [3] ° . ~700°C o .
) :9. & ) e. ‘
‘. .. ... [®) o
L .‘ o ® .." ™)
° ) . o
Oxidation
99% N, + 1% 0., mip CREIIUS N, (< 0.00001% O,)
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High purity nitrogen production by air separation
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Plans for PhD

* Design of reactor for sustainable
production of high-purity nitrogen using
* Perovskite: SrFeO; (frequently discussed
candidate in literature [1-4])
* Fixed bed

* Improvement of previous project
e external partners: Exomatter & FGK
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Industrial scalability

Solar integration

Heat recovery & thermo
management

[l Funded by SOLARIZE project is funded by the European Union under the Grant Agreement No 101131982. Views and opinions expressed are however those of the author(s)
the European Union  only and do not necessarily reflect those of the European Union or HADEA. Neither the European Union nor the granting authority can be held responsible for them.



L=t 210 EU)SOLARIS SOLARIZE

y Tecnolégica:

DLR
Methodology
[ Concept ] detailed dimensioning
N
[ simulation ]
0D, validation of concept .
’ P reactor design
[ experiment ]
validation
Katrin Klingel Funded by SOLARIZE project is funded by the European Union under the Grant Agreement No 101131982. Views and opinions expressed are however those of the author(s)

12 the European Union  only and do not necessarily reflect those of the European Union or HADEA. Neither the European Union nor the granting authority can be held responsible for them.

04.06.2025




b

(CE]

Ci AN
= oA EU)SOLARIS SOLARIZE

DLR
alr ....................... — N
air PSA S
N, purification p v N
Solar air '

receiver
Heat :

Reactor

NN 1
batch-wise,
alternating Reactor

13 Katrin Klingel Funded by SOLARIZE project is funded by the European Union under the Grant Agreement No 101131982. Views and opinions expressed are however those of the author(s)
04.06.2025 the European Union  only and do not necessarily reflect those of the European Union or HADEA. Neither the European Union nor the granting authority can be held responsible for them.




Ciemat (2)-° [_.
= R EUJSOLARSS SOLARIZE 4#;;

Concept & Challenges

* Direct heat transfer between gas and fixed bed

* Heating: warm air from solar receiver
* Cooling: nitrogen (with max. 1% 0,) to avoid to early re-oxidation, recircled in a loop

* Possible difficulties
* Long heating/ cooling durations due to thermal mass
* Reactor itself needs to be heated/ cooled by independently?!
* Oxidation & reduction start during heating/ cooling step
* Negative impact on possible oxygen uptake

* Currently: concept simulation in python (0D)
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First simulation results

L m = m(NVyidisation) J

L Plug flow

L AG» PG Cp,Gr Ug = f(T) J

No pressure loss Simplifications/
j current

assumptions

Sphericity = 1
1 kg of SrFeO; > i

Ap, Pp, Cpp = CONSt

Porosity = 0.4 = constant
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First simulation results
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Outlook & Summary

1styear Development of reactor concept & Simulation of the concept

—

2"dyear Detailed reactor design & Preparation of experiments

3rdyear Experimental validation of simulation results

* Fossil-free production of high-purity nitrogen for ammonia production desired

* Development of a reactor for thermo-chemical air separation with redox material
SrFeO,

* Concept:
* Direct heating/ cooling of fixed bed
* Validation by simulation & experiment
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Thank you for your attention!

If you want to learn more about EU-SOLARIS ERIC, please visit:
https.//eu-solaris.eu

Or contact us at:
Info@eu-solaris.eu
Phone: +34 950 820812
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