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 Current production (Haber-Bosch) requires high T and P,
and accounts for >1% of world CO, emissions

» Development of renewable, low-carbon NH; can enable
production of fertilizer and chemicals with greatly
decreased carbon footprint.
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PROJECT OVERVIEW / OBJECTIVES

* Objective: Develop a solar thermochemical looping
technology to produce and store N, from air for the
subsequent production of NH; via an advanced two-stage
process

* The novelty of the process is the development of metal
nitride (MN) materials that will produce NH; via a cyclic
solid-state reduction reaction with H, o Sandi

ETHODS ENERGY | & Rixtwasie energy " National i§1 j| Anzona State

- WPl University

SOLAR ENERGY TECHNOLOGIES OFFICE Laboratones |

Take a picture
for more
iInformation

» Synthesize metal oxide and metal nitride materials for N,
recovery NH; synthesis, respectively

* Model/design/construct/demonstrate lab-scale reactors
for solar receiver, N, separation, and NH; production

* Develop technoeconomic models to estimate costs,
sensitivities, efficiency, and integration with CST and
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* Ba- and La-doped .SrFeO3 were synthesized, characterlze.d, Michalsky, R., et al, Chem Sci, 6(7), 3965, il e (Top) Reduction using sweep gas with
and selected as oxide materials for N, separation from air A doi: 10.1039/c5sc00789¢) b evecmemy an oxygen partial pressure of 103 atm.
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. Se\;eri! tlernatry .nlltrlfde cNonpou:hds were identified as synthesized via urea glass method. g L g = o I with an oxygen partial pressure of 0.21
potential materials for 3 synthesis 03| . | T i . atm.

» SIERRA/Aria functionalities were developed to capture the - )
primary physics of multiphase transport, heat transfer, 022 | Heat |/ il
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and chemical reactivity within oxide reactor models o e B '. e

» System models developed for Haber-Bosch and N, 5 e —— Nirogen Sfmﬁm |
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* Successful completion of this project will result in a 0.05 | with nitrogen vacancies © calcliate he anntal amount o 2
demonstration of a novel route to NH; production via a | e produced ~ from STAP  under solar
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renewable, carbon-free technology with a path to scale-up 0 L e L condltlc?ns, a system model of the N,
and integration with a CSP plant 102 101 100 separation process has been developed.

* Development of metal oxide system for separation of N, is po2,bar The model was Implemented using

. ) . Modelica. (www.modelica.org/documents)
on track. Materials have been identified and reactor Ba,Sr,_FeO, ;and La Sr, FeO,

modeling procgeds apace. . . . nonstoichiometry (x= 0.05, 0.1, 0.15, "
» Systems modeling and technoeconomic analysis informing

and complimenting reactor development 0.2) as a function of O, partial
. . o . ressure and temperature.
» Major Risk: Synthesis of ternary nitride material has P P JUL J( /L
proven challenging and put the nitride effort behind R
schedule. Alternate syntheses under consideration.
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