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1.  Main goal

The AMBHER project aims at providing a quantum leap in the development of hydrogen storage
technologies, both for long-term in the form of ammonia, as for short-term in the form of ultra-porous
materials, setting the basis for future commercialization of greener technological pathways all along the
value chain.
 Designing and setting up a broad and complete network of value chains.
 Developing a set of flexible cost-effective and environmentally friendly technologies that can be

easily tailored for the storage of H2 in different forms and for different applications (Energy &
Transport among others).

 Laying the foundations for new business opportunities, including:
o the development of novel ultra-porous Metal Organic Frameworks (MOFs) for their

integration in newly designed and cheaper storage vessels for transport applications.
o the development of new catalysts and membranes integrated into membrane reactors

to provide huge process intensification making possible the distributed generation of NH3 as
long-term storage media.
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1.  Main goal and S&T targets

 To develop a new pathway for short term hydrogen storage through advanced Nanoporous materials
in the form of MOFs:
o To develop scalable synthesis process for the manufacture of high surface are MOF (> 2.500 m2/g)

at competitive cost with a gravimetric storage capacity of 6 wt%.
o To design and develop a MOF container for a storage hydrogen capacity of 40g/L at 100bar.

 To develop an innovative Catalytic Membrane Reactor (CMR) to produce green ammonia, with
production rate 4 times higher than conventional reactors operated at the same conditions.
o To develop innovative environmentally friendly catalyst materials that can be used at much lower

pressures (<20 bar) and temperatures (<250 ºC) compared to the Haber-Bosch (H-B) process.
With NH3 production rates superior to 8 mmol NH3 g-1h-1 offered by state-of-the-art catalysts.

o To design and manufacture highly conductive 3D printed Periodic Open Cellular Structures
(POCS) with optimised heat and mass transfer.

o To develop innovative membranes for selective separation of NH3 during production process
CMSMs with selectivities of NH3/N2 > 50 and NH3/H2 > 10 with an
ammonia permeance > 5 x 10-7 mol∙Pa-1m-2s-1.
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2.  Overall approach and methodology
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3.  Participants & Consortium synergies

 16 partners from 6 countries .
 7 SME/IND + 9 RTD partners (44% SME/IND;

28% SME)
 AMBHER has an interdisciplinary approach

including chemistry, material design,
engineering, modelling, manufacturing, safety,
business and economics.
o companies specialised in materials

development (JM), vessel design (MAH)
process design and plant construction and
operation (TK) or energy multinational
companies (ENGIE and IBER).

o top-level European Research Public /private
Institutes and Universities will collaborate
(TUE, CNR, UU, UoB, CNRS, CSIC, UoB,
TEC, MPI, UKRI) to turn AMBHER
objectives into results that can later be
scaled-up and exploited

o LCA, LCC and HSA will be performed by RINA-C and tailored dissemination and communication strategies led by
1CUBE
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Membrane functions
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Membrane reactor classification
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Brunetti A.; Caravella C.; Barbieri G.; Drioli E.; “Simulation study of 
water gas shift in a membrane reactor”, J. Membr. Sci., 2007, 306(1-2), 
329-340

Membrane Reactors
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Membrane reactors – when?
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Simon Richard, PhD Thesis, TU/e 2025

Simon Richard, Pierre Olivier, Martin Jegoux, Camel Makhloufi, F. Gallucci, Int. J. Hydrogen En., 112, 2025, 446-467
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Reactor in AMBHER project

Carbon molecular sieving membrane which 
separates NH3, shifting the equilibrium, allowing to 

reduce the operational Pressure

POCS catalyst with a lower activation 
energy barrier, allowing to reduce the 

operational Temperature
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Membrane preparation
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Membrane preparation

NH3 selective Carbon Molecular Sieves Membranes

 Preparation and characterization of CMSM from phenolic resin from previous studies

 Develop new CMSM with high NH3 permeance and selectivity to selectivity remove NH3 from the reaction mixture.

 Preparation and characterization of CMSM from phenolic resin containing metals.

Supported Al-CMSM

Gas permeation equipment
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Membrane modelling

Mathematical model developed in TUE* for gas transport mechanism in carbon membrane, by 
considering only one molar flux is present

*Gas permeation through carbon membranes: Model development and experimental validation. Sahin ZE, et al. s.l. : International Journal of 
Hydrogen Energy, 2023
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Membrane modelling 
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Membrane reactor modelling

I. Gargiulo, G. Anello, S. Richard, F. Gallucci, International Journal of Hydrogen Energy, 166, 2025, 150995,
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Membrane reactor modelling

I. Gargiulo, G. Anello, S. Richard, F. Gallucci, International Journal of Hydrogen Energy, 166, 2025, 150995,

Membrane optimal 
conditions

Units Value

𝓟𝓟𝑵𝑵𝑵𝑵𝟑𝟑 𝑚𝑚𝑚𝑚𝑚𝑚 𝑃𝑃𝑃𝑃−1𝑚𝑚−2𝑠𝑠−1 10−7

𝑺𝑺𝑵𝑵𝑵𝑵𝟑𝟑/𝑯𝑯𝟐𝟐 - 50

𝑺𝑺𝑵𝑵𝑵𝑵𝟑𝟑/𝑵𝑵𝟐𝟐 - 100
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Catalyst development

3D printed Periodical Open Cellular Structures (POCS)
 Activities on Computational Fluid Dynamic (CFD) simulations have been also carried out on POCS with different

geometry (kelvin, BCC and gyroid).
 Large POCS (Ni-Alloy, Kelvin cell), including hollowed (for membrane) have been produced to assess the upscaling of the

wash-coating process developed at CNR.

Several large and small POCS printed in Ni alloys CFD heat transfer studyCFD pressure drop study

S. Richard, at al, F. Gallucci, Chem. Eng. J., 492 (2024) 152005
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Thermal conductive POCS activated with commercial reference catalyst
 CNR has developed coating methods based on a dip-spinning technique to deposit thin catalytic layers with different

formulations onto Periodic Open Cellular Structures (POCs) with cylindrical shape (10 mm diameter and 15 mm length)
and different geometry (BCC, kelvin, Gyroid)

 The bare and activated supports were characterized by SEM/EDX. Mechanical stability, porosity and pressure drop were
also measured. A rheological study of different slurry has been carried out to optimize the coating procedure

 The influence of different coating parameters (thermal pre-treatment and/or anodization of support, primer utilization),
slurry components (catalytic powders, binders, dispersant) and procedures to deposit thin active layers onto 3D printed
POCS was experimentally assessed.

Schematic sequence of POCS activation
BCC and KELVIN POCS activated by dip/spin coating method.

BCC KELVIN

Catalyst development
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Thermal conductive POCS activated with commercial reference catalyst
 Overall, a washcoat homogeneity was observed for all the samples prepared associated to the absence of uncoated areas
 The weight loss of the coated layer, evaluated by accelerated stress test in an ultrasound bath, ranging from 0.86 wt% for

BCC structures to 7.3 wt% for Kelvin structures, highlight the critical role of support geometry, anchoring points,
thermal or anodization pre-treatment and the use of a primer in achieving high mechanical stability.

 The preliminary scale-up of the coating method, carried out with a commercial 0.5-5wt%Ru/Al2O3 catalyst with the large
POCS manufactured by ENGIE has not required any relevant adjustment of the procedure.
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Membrane reactor

I. Gargiulo, A. Vita, C. Italiano, M.A. Llosa Tanco, D.A. Pacheco Tanaka, F. Gallucci, International Journal of Hydrogen Energy, 235, 2026, 155170
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Membrane reactor

I. Gargiulo, A. Vita, C. Italiano, M.A. Llosa Tanco, D.A. Pacheco Tanaka, F. Gallucci, International Journal of Hydrogen Energy, 235, 2026, 155170
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Membrane reactor

I. Gargiulo, A. Vita, C. Italiano, M.A. Llosa Tanco, D.A. Pacheco Tanaka, F. Gallucci, International Journal of Hydrogen Energy, 235, 2026, 155170
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Membrane reactor
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AMBHER at a glance
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Duration: 48 months
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www.1CUBE.eu

Winter school Electrified reactors – Feb. 2027 Eindhoven

HYPOTHESIS XXII – June 2027 Eindhoven

SEPTECH 2027 – October 2027 Eindhoven

ICCMR18 – October 2027 Eindhoven

http://www.1cube.eu/
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