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Enabling components and technologies for decarbonized industry
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Catalytic membrane reactors

Membrane technology

We have wide expertise on the
production and characterization of
mixed ionic electronic conducting
membranes at bench and
prototype scales. These high
temperature membranes would
find application where high purity
oxygen or hydrogen is required.

Catalytic  membrane reactors couple
chemical reactions  with membrane
separation technology providing compact
systems  with improved performance
(selectivities and/or yields). We pay special
attention to the design of cutting-edge
membrane reactors but also to test the
reactors performance and long-term stability
for the next generation of renewable fuel
and chemicals production, and CO,
valorization systems.

Process intensification

With the intensification of chemical o35
processes, we employ engineering tools to
obtain substantially cleaner, safer, and more
sustainable technologies. We focus on the
design, simulation and optimization of novel
processes and units with increased energy

efficiency.
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Fuel cells and electrolysers are
electrochemical devices that
directly convert/store the chemical
energy into/from electrical energy.
In particular, we focus on the
fabrication and characterization of
Solid oxide fuel/electrolyser cells
(SOFC/SOECs) and Protonic ceramic
fuel/electrolyser cells (PCFC/PCECs)
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Single-step hydrogen production from NH3, CH,,

Mixed proton and electron conducting double
perovskite anodes for stable and efficient tubular
proton ceramic electrolysers

Einar Vellestad '3, Ragnar Strandbakke', Mateusz Tarach?, David Catalan-Martinez?,
Marie-Laure Fontaine?, Dustin Beeaff¢, Daniel R. Clark', Jose M. Serra®®? and Truls Norby™
Hydrogen production from water electrolysis s a key enabling energy storage tachnolagy for the large-scale deployment of

Intermittent renewabls energy sources. Proton caramic electrolysers (PCES) can produca dry pressurtzed Iydrogen directy
parts of

ecood: i Here, we present the first
tully oparatonal BaZ:0, basod tubudar PCE, 10 actv sroa i hydmgm production rate above 15 Nenl min-'. The
0.0,

Hydrogen production via microwave-induced
water splitting at low temperature

J.M. Serra®'=, ). F. Borras-Morell'?, B. Garcia-Bafios 2, M. Balaguer', P. Plaza-Gonzalez 2,
J. Santos-Blasco ", D. Catalan-Martinez®’, L. Navarrete'? and J. M. Catal-Civera©2=

and biogas in stacked proton ceramic reactors

Daniel Clark', Harald Malerod-Field’, Michael Budd', Irene Yuste-Tirados'?, Dustin Beeaff',

Simen Aamodt’, Kevin Nguyen', Luca Ansaloni®, Thijs Peters®, Per K. Vestre', itrios K. Pappas’,
Maria I. Valls®, Sonia Remiro-Buenamaiana®, Truls NorbyZ, Tor S. Bjerheim?,

Jose M. Serra®*, Christian Kjolseth!*

Proton ceramic reactors offer efficient extraction of hydrogen from ammonia, methane, and biogas

Elotal aners e " o o
is required its wi dopl H, lysis mediated by
the microwave-triggered redox activation of solid-state ionic materials at low temperatures (<250°C). Water was reduced
via reaction with non-equilibrium gadolinium-doped CeO, that was previously in situ electrochemically deoxygenated by the

sole application of microwaves. The microwave-driven reduction was identified by an instantaneous electrical conductivity
tise and O release Thi process was cylable whareas H, ieldand energy oficiency were materia- and power-dopendert.

the-

a, Gd,
mnm-sulwng,maulmluh bolarization resistances below 10 c at €00 °C and Faradale efficlencies close to 100% at

and offer scale-up modularity.

by coupling ic reforming reactions with heat from electrochemical gas separation and
compression. Preserving this efficiency in scale-up from cell to stack level poses challenges to
the distribution of heat and gas flows and electric current throughout a robust functional

design. Here, we demonstrate a 36-cell well-balanced reactor stack enabled by a new interconnect
that achieves complete conversion of methane with more than 99% recovery to pressurized
hydrogen, leaving a concentrated stream of carbon dioxide. Comparable cell performance was also
achieved with ammonia, and the operation was confirmed at pressures exceeding 140 bars. The
stacking of proton ceramic reactors into practical ical devices

their potential in efficient hydrogen production.
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Electrified Membrane Reformer (eMR)
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Proton Membrane Reformer (PMR) - Energy Balance

6.9 MJ h™
Heat recovery

Electricity

15.6 MJ h? 59.3 MJ h'
Natural - Hydrogen
Gas 47.1 MJ h? Microthermal
integration (200 bar)

l Utility losses
5.0 MJ h'

Thermal losses
3.4 MJh

H. Malergd-Fjeld et al., Nature Energy, 2, p. 923-931(2017)




Proton Membrane Reformer (PMR) - Efficiency

Hydrogen from natural
gas with carbon capture

>90%

energy efficiency

natural gas + electricity — compressed H, and CO,



P\

* High current densities (1-4 A/cm?) D. Clark et. al, Science 376 (2022) p. 390-393
* High-pressure operation — 50 bar (150 tested)

Single-step hydrogen production from NH;, CH,, and biogas in stacked proton ceramic reactors
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@ Direct electrocatalytic conversion of CO, into chemical
b 2 energy carriers in a co-ionic membrane reactor

AIM: Set-up a technology for direct synthesis of carbon-neutral jet fuels from CO, using renewable energy
and electrochemical catalytic membrane reactors. Bench-testing targets a 500 W multi-tubular system.
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* Single-step electrolysis and one-pot /h
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* Operating conditions:
T =350-450 °C and > 25 bar.
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This project has received European Union’s Horizon 2020 research and innovation funding under grant agreement N2 838077.

Sustainable Process Industry through
Resource and Energy Efficiency





Direct electrocatalytic conversion of CO2 into chemical energy carriers in a co-ionic membrane reactor



AIM: Set-up a technology for direct synthesis of carbon-neutral jet fuels from CO2 using renewable energy and electrochemical catalytic membrane reactors. Bench-testing targets a 500 W multi-tubular system.



ecoco2@ecocoo.eu



Project Coordinator (CSIC): 

José M. Serra

 jmserra@itq.upv.es

+34 963 879 448

H2020-LC-SC3-2018-NZE-CC | Duration: May 2019 – May 2023 | EC funding: 3.9 M€

This project has received European Union’s Horizon 2020 research and innovation funding under grant agreement Nº 838077. 





Single-step electrolysis and one-pot catalytic conversion.



Operating conditions: 

      T = 350-450 °C and > 25 bar.







Product:

Jet fuel

Efficiency:

> 85%





Final TRL:

5

Full integration:

compact sized reactor 

https://ecocoo.eu
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Plastic waste

—® Pyrolysis liquid Fractionation

gas Rankine
cycle

PYROLYZER

U 100 kg/h of plastic waste is treated.

i~ Carbon char
O The O, demand is around 20.5-26.5 m;/h.

This project has received European Union’s Horizon 2020 research and

iCAR F PL/\ST innovation funding under grant agreement N° 820770.
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Motivacion

Nuestra vocacidn es ayudar con nuestro know-how
y capacidades experimentales a la industria a
DESARROLLAR SOLUCIONES

* Proyectos piloto de desarrollo e innovacion
avanzados (TRL-5 a TRL-9)

* Start-ups/spin-off

GR:ENRUPTIVE”

MAKING NET ZERO EMISSIONS REAL




« CREAR UN ABIERTO, INNOVADOR Y COLABORATIVO

« PROMOVER EL DESARROLLO DE SOLUCIONES Y PRODUCTOS
ALINEADOS CON LOS / QUE PLANTEA LA
ECONOMIA DE IMPACTO ZERO ENERGETICO

« IMPULSAR LA COMO SENA DE IDENTIDAD Y
PRINCIPAL VENTAJA COMPETITIVA DE UNA INDUSTRIA SOSTENIBLE Y
COMPETITIVA

« ATRAER, RETENER Y DESARROLLAR AL MEJOR

GR:ENRUPTIVE”



Capacidades clave y Tecnologias

H, - e-fuels - Biofuels - Green Steel - Green Ceramics/Cement
Electrificacion de procesos - Reactores electroquimicos

Capturas (CCUS, DACC, BECCS) - emisiones negativas

Reciclado de corrientes industriales y residuos bio/agro/RSU/EDARs

Sala de reuniones

Salas de control

Comedor/Office P ] #
N o

PSS

P Sisvemas demo Pilotg S
Sala blanca ﬁm Ensambdaje de stacks
1507 Dm Harmos
. Planta Reformado Alcoholes
Laboratorio de C.C. 5ala de control
Preparacidn

materiales/catalizadores

Almacén

Taller
Colaboraciones mdustria

Plantas Lignina/FT5

Pilotos programados

Linea piloto de fabricacién de celdas SOC/membranas®
Linea piloto de ensamblado de stacks SOC

Unidades testeo (BoP) (co-Jelectrolizadores x 3
Reformador electrificado NG/biogas/FG con captura x2
Reformador electrificado etanol con captura x 2

Unidad testeo Generador de O2 oxicombustion

Linea de fabricacion de catalizadores

Piloto generador de H2 por tecnologia microondas
Reactor de reduccion con H2 en metalurgia

Reactor de conversion de CO?2 (Fischer-Tropsch)
Gasificador/pirol. waste/biomas HC o H2 y captura CO2

Unidad de co-electrdlisis vy sintesis de hidrocarburos

LINEAS PILOTO

GRi#NRUPTIVE:"

MAKING NET ZERO EMISSIONS REAL




Capacidades clave: Ejemplos
LINEAS DE MONTAJE DE STACK, BANCOS DE VALIDACION DE

LINEAS DE FABRICACION DE CELDAS MODULOS Y REACTORES TECNOLOGIAS CLAVE Y
SOC/ MEMBRANAS | BATERIAS PILOTOS (TRL5 - TRL9)

LINEAS DE PRODUCCION Y ESCALADO DE
MATERIALES, CATALIZADORES y REACTORES

Selective Laser Sintering
Direct Ink Writing (DIW)

GRi#:NRUPTIVE: "

MAKING NET ZERO EMISSIONS REAL



Actividadesy Servicios

* Proyectos demostrativos (TRL-5 a TRL-9)

* Incubacidn Start-ups/spin-off

* Formacidény especializacidon

* (Campafas de Innovacidn abierta

» Jornadas especificas

* Value-chain matching (Corporates, EBTs, R&D)
* Consecucion de subvenciones especificas

* Inversores
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L ‘ NUEVOS COMPONENTES de valor afiadido

NECESIDADES DE LA INDUSTRIA

LAS EMPRESAS

HOJADE RUTA CON LAS NECESIDADES DE

ATRACCION de INVERSORES ESTRATEGICOS

| DESARROLLO E INSTALACION DE EQUIPOS E INFRAESTRUCTURA
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