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Integrating biomass in water electrolysis
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Three key advantages for biomass co-electrolysis vs water electrolysis

» BiOR thermodynamics (typically Eg,oz = 0.1-0.2 V) vs energy-intensive OER thermodynamics (Eqgg = 1.23 V)
» Carbon-based platform chemicals vs O, as anodic product (less valuable)

» Membrane-free electrolyzer (simpler operation) vs membrane-based electrolyzer (to prevent H,/0O,)



Opportunities in biomass co-electrolysis
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Challenges in biomass co-electrolysis: BiOR electrocatalysis
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Factors controlling activity in BiORs

Electrocatalytic material: Ni vs Pd vs PdNi

Glycerol electro-oxidation on Ni, Pd, and PdNi

60 - /v — Nigpe - 1 M NaOH
q F Nigpe - 1 M NaOH 0.1 M Glyc
50 - GEORonPd! § — pd/Nigoe - 1 M NaOH
~ | w | === Pd/Nigpe - 1 M NaOH 0.1 M Glyc
I 'l I 'i PdNIfNIRDE -1 M NaOH
c 40 ,'ll,’ I ---= PdNi/Nigpe - 1 M NaOH 0.1 M Glyc
4 I 1
&) ] 4 :
< 307 1 i | GEOR deactivated
E | ¥ : ' | Pd — Pd(OH),
o f.‘ { Il !
~ 20 Treactivation’ oo :
d 1 ] I
g of GEOR ’;, ’f,: “ :
] 10+ £ v, :
) | 3% \
p Ni2+/Ni3+
Pd < PdO,
—~10

—04 -02 00 02 04 06
E /V vs. Hg/HgO

Significant difference in overpotentials (Pd-based vs Ni)

Decreasing noble metal content: Pd vs PdNi
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Electrochim. Acta 2022, 403, 139714, ACS Appl. Energ. Mater. 2024, 7, 1802-1813




Factors controlling activity in BiORs

Mass transport
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Rotating disk electrode (RDE) to control mass transport rates

Glycerol oxidation; PdNi, 25 °C
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0 imax decreases at high rates

Caused by reaction pathways to different oxidation products

Optimal mass transport depends on BiOR reactant, catalyst morphology, pH, etc.

ChemSusChem 2021, 14 (8), 1902-1912; Electrochim. Acta 2022, 403, 139714, Int. J. Hydrogen Energy 2021, 46, 1615-1626




Factors controlling activity in BiORs
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Relevance of activity in co-electrolysis for H, production

Maximum j supporting BiOR at low potentials Energy savings BiOR vs OER
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Co-electrolysis with industrial side streams

Focus on co-electrolysis for H, production
. In situ low-energy H, production
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Biomass co-electrolysis: take home messages

Potential contributions:

Biomass co-electrolysis - _
* Green H, production with low energy consumption

A Y Renewable
I\ electricity

e Circular economy: electro-valorization of biomass waste

* Net-zero sustainable production of carbon chemicals

Biomass . , . .
chemicals Finland’s R&D ecosystem: Hydrogen and Bio Economies
and waste

-e- . o gre o
Scientific challenges (focus on electrocatalysis):
High-value . . . .
products Highly active but affordable electrocatalytic materials

e Reaction selectivity to maximize economic impact
* Raw feedstocks: understanding role of impurities

 Tailored materials and conditions for each feedstock
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