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Thermal digestion:

BaCkg round +  Biomass + x H,O +y POM gy, » Oxidized
products + CO,+y H-POM

Mediated Electrolysis of Biomass Cell reactions:
Thermal Digestion + Oxidation of Reduced * H-POMpgey » POM gy + H* + & (Anode)
Polyoxometalate (POM) (in this case Phosphomolydic
Acid [PMA]) « H*+e » Y% H,(g) (Cathode)
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. Engineering and Biotechnology and » Utilisation and valorisation of distillery whisky waste streams via biomass electrolysis: electrosynthesis of hydrogen
Physical Sciences % Biological Sciences Faraday Discuss., 2023,247, 268-288
Research Council Research Council ’ ’ ’

* Operando X-ray absorption spectroscopy of phosphomolybdic acid redox mediators for electrochemical conversion of
biomass to green hydrogen R. Price=, L. MacDonald=, L L. Keenan, W. Johnson, S. M. Lyth, J. Li and E. Brightman —
(submitted to RSC Catal.Sci.Tech., 2025)
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“*Continuous flow Concept”

« Digestion of biomass reaction is
carried out currently in glassware
with condensers. Solutions move to
reservoirs when fully reduced

* From the reservoir, the POM is
oxidized by the cell, producing
Hydrogen.

« New biomass is then fed into the
digestor for the oxidized POM to
start digesting after it is pumped
back into the digestor
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Balance of Digestor and Electrolyser

As an example, after 1 hr, roughly 70% reduced PMA available. The further

reduced the PMA, the higher the current we see in the electrolyser.

As the PMA is oxidised, the current observed (hence rate of H, produced)

decreases (if you hold a voltage).

As the system is scaled up, a balance of digestor to electrolyser needs to be

factored in (limit the electrolyser to the rate of reduced PMA production).

We can control the current (and hence hydrogen output) to a constant level

to match the digestion process (to be simulated)
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Calculations for energy saving

Example with the small cell
 Average 1.55W
« Faradaic Efficiency = 96% (19mls /19.8mls (theory))

28.17kwh per 1 kg Hydrogen

(Typical Low Temperature Water Electrolysis = 52 kwh per 1 kg hydrogen)'

For low-temperature electrolysis, electricity including grid fees constitute 66% of the total LCOH of 7.1 EUR/kg .

Our system uses about half the energy of a conventional water electrolyser to
produce hydrogen. If the overall system were to use waste heat from another
process, the cost of heating the PMA can be nullified.
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1: Hydrogen Europe “Clean Hydrogen Production Pathways — Report 2024"
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Get in touch

Jun.li@strath.ac.uk,
Lewis.MacDonald@strath.ac.uk

Chemical and Process Engineering
University of Strathclyde

Glasgow

supergen-bioenergy@aston.ac.uk

www.supergen-bioenergy.net
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