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Clean hydrogen 
from local waste

CARMA-H2 is a four-year EU-funded project 
demonstrating a circular, decentralised route to 
hydrogen production. At its core lies the bioPMR
(Protonic Membrane Reformer), which will 
convert biogas from organic waste into 
pressurised hydrogen while producing a food-
grade CO₂ stream.

The technology will be validated at a 
wastewater treatment plant in Navarra, Spain, 
supporting local energy systems and advancing 
Europe’s green transition.



Key figures & 
consortium

Project name: Carbon-negative pressurised
hydrogen production from waste using an 
energy-efficient protonic membrane 
reformer (CARMA-H2)

Project coordinator: AIN: Asociación de la 
Industria Navarra

Number of partners: 12 partners, from 5 
European countries

Total EU budget: €9,954,419

Duration: 48 months. From 01/10/24 to 
30/09/28

                 



The bioPMR technology, developed by CoorsTek Membrane Science, is able 
to combine the traditional 6 steps of SMR with CCS in one single reactor

PROTONIC MEMBRANE REFORMER (bioPMR)
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Proton ceramic membranes are the core of bioPMR

bioPMR - FUNDAMENTALS
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PROTON CERAMIC MEMBRANES 

operate at elevated temperatures 

between 400°C and 800°C by 

breaking hydrogen into its sub-

atomic particles (PROTONS and 

ELECTRONS) and then 

transporting protons across a solid 

dense ceramic electrolyte

PROTON CERAMIC MEMBRANES 

offer unique opportunities for more 

efficient hydrogen production
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Extraction of H2 through the proton conductive layer

bioPMR - FUNDAMENTALS
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Shift of thermodynamic equilibrium towards full conversion of CH4

bioPMR - FUNDAMENTALS
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CH4 + H2O = 3 H2 + CO

CO + H2O = H2 + CO2
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PMR: a near-zero energy loss system

bioPMR - FUNDAMENTALS
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For more info about the near-zero energy loss 
concept, please check our paper at this link:
https://www.nature.com/articles/s41560-017-
0029-4

https://www.nature.com/articles/s41560-017-0029-4
https://www.nature.com/articles/s41560-017-0029-4


STACK FEATURES

● Series of six barrels (six SEU per 
barrel connected in parellel)

● U-bend type of gas flow 

● Interconnects: Ni-based glass-
ceramic composite

● Microthermal heat integration

bioPMR STACK – UPSCALING
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For more info about stack development and microthermal
integration, please check our paper at this link:
https://www.science.org/doi/10.1126/science.abj3951

PMR stack

SINGLE ENGINEERING UNIT
(SEU)

https://www.science.org/doi/10.1126/science.abj3951


By increasing H2 recovery, full CH4 conversion is achieved
CO is also consumed, leading to high CO2 yield

bioPMR STACK – OPERATION
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For more info about CH4 conversion and CO2 yield
from the bioPMR, please check our paper at this link:
https://www.science.org/doi/10.1126/science.abj3951

https://www.science.org/doi/10.1126/science.abj3951


High CO2 purity (> 95%) can be achieved
By means of electricity, H2 can be compressed on the permeate side

bioPMR STACK – OPERATION
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For more info about CO2 purity and electrochemical H2 
compression, please check our paper at this link:
https://www.science.org/doi/10.1126/science.abj3951

https://www.science.org/doi/10.1126/science.abj3951


CARMA-H2 demonstrates bioPMR
technology at the Arazuri wastewater 
treatment plant in Navarra, Spain, 
through a full-scale pilot that includes:

• Operation of two bioPMR units for 
at least 4,000 hours.

• Production of 500 kg of hydrogen 
per day, for energy and mobility 
applications.

• Generation of 4,000 kg of food-
grade CO₂ daily, ready for use.

Testing site



Pilot structure

1. Biogas production

Organic waste from 
wastewater is 
transformed into 
biogas through 
anaerobic digestion.

2. Biogas pre-
treatment

The raw biogas is 
compressed and 
cleaned of unwanted 
impurities.

3. bioPMR modules

The purified biogas is 
transformed into 
hydrogen and food-
grade quality CO₂.

4. CO₂ liquefaction

CO₂ is liquefied for 
storage or reuse, 
completing the net-
zero cycle.



Stay in the loop!

carma-h2.eu @carma-h2.bsky.socialcarma-h2

https://carma-h2.eu/
https://carma-h2.eu/
https://bsky.app/profile/carma-h2.bsky.social
https://www.linkedin.com/company/carma-h2/


Extended project name

Co-funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European 
Union or the Clean Hydrogen Joint Undertaking. Neither the European Union nor the granting authority can be held responsible for them.

Thank you!

luca.ansaloni@sintef.no
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