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WORKING TOGETHER TO CREATE A
COMMUNITY TO ADDRESS THIS CHALLENGE

SOLAR FUEL CHALLENGE

Positioning DECADE role
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The on-going transtormation

REACTIVE CATALYSTS
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Initial transition from FF to a mixed FF & bio-based economy
= adapting thermal catalysts
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Next step = solar-based economy (in symbiosis with bio-based economy) .
conceptually new catalysts, indicated as reactive catalysts. e et
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from small and biobased molecules to a framework of chemical production

e- Ref| Nne ry (e-chemistry) alternative to that based on fossil fuels (petrochemistry)
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DECADE CONCEPT

and novel (breakthrough)
approach
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Challenges addressed

* A novel PEC concept engineered to form the SAME product on both sides
of the cell, and avoid the formation of O, (common in H,O splitting & most
CO,RR approaches)

* because in most of artificial leaf applications oxygen is a waste product (which
reduces the effective overall efficiency)

* Integrate solar use in biorefineries (= e-refinery)

* Develop flexible solutions with multiple market (chemicals and fuels)

* Novel solution to improve circular economy and lower carbon footprint in
chemical & energy processes

* Develop compact design PEC cells, with easier scalability to be used as
artificial leaf

* Realize process intensification X\ T <
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PEC approach Mofivations
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DECADE project concept

* Input
* (bio)ethanol and CO, (biorefinery)

* PV/EC system

* ANODE
* Ethanol oxidative dimerization = ethylacetate N
« CATHODE r__"__'_/_"_;;_'_‘___l
« CO, reduction (to acetate) with its catalytic reaction | p ' ' E“';F++EGA
with ethanol to form ethylacetate (EA) i . o i ( )
* Formate also formation and reaction of | 9 = T :S%EFE":WSSA'C’SENTS
ethylformate (EF) 2 _E |
i Ke- % | FUEL ADDITIVES
* Products and Uses bio-ethanol "ﬁ_c_o"
(methanol) ?

* EA+EF mixture in ethanol used as
green solvents and fuel additives

Low-CARBON PRODUCTION
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PV-EC DECADE device

Hydrogen Oxygen outlet outlet
outlet outlet

(@) -

——Sheet
—— Sheet metal anode ate——
Glass superstrate——___
—OER ca
——OER catalyst
OER catalys so— I
TC0»~—-7______% — Anolyte
——Anolyte
jon—__ -
Triple junction—__ ell I 1 —Membra
solar cell = ——Membrane
act ——Catholyt
Front contact ——Catholyte md——7 — I
metal grid ———
ion—__ I —HER ca
Insulation—___ —— HER catalyst R =
| | ion—— — —Sheet m
Electrical connection—__ __Sheet metal cathode
me. —PMMA ¢

Metal frame ———PMMA cell body

: e l
1

| ! | PV EC
PV EC
-y

DE A DE  This project has received funding from the EU’s Horizon 2020 research and innovation programme under grant agreement No 862030 -

bl

Red
L

11




11

DECADE project concept & consortium
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D E CA D E a p p rO a C h Integrated dévelopmen’r of materials and PEC reactor/prototype

with technologic, economic, LCA, market & social assessments 1o
guide the increase of Technology Readiness Level (TRL) from 3 to 5.
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Concept design for the GDL-type cathode for CO, reduction

GDL membrane integrating element that biomimetic multi-functional core-shell

improved the three-phase boundary af PA@TiO,/ox- SWCNHs (Single-walled carbon
the electrocatalyst between CO2, catalyst 2r<onohoms) he(’rergs’rruc’rures

and protons

ethanol 8

1" Transfer
gy

GDL with CO,
entrator elements

confined-space distribution of nanoparticles
within a metal-oxide phase that envelops a
CNS (carbon nanostructures) scaffold
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DECADE project: develop next generation PEC devices to use
CO, and bioethanol to produce green chemicals and fuels
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Conclusions

* DECADE will develop a novel PV/EC device engineered to use waste CO, and
bio-alcohols as feeding inputs to synthetize value-added products.

* enhanced energy efficiency and better addressing market requirements and needs
for moving to a solar economy

* Focus on ethanol, but also methanol case to lower the carbon footprint in methanol plants
producing added-value chemicals.

* Explore potential use of this novel PEC device for a multi-purpose solution
to improve circular economy and lower carbon footprint in chemical &
energy processes.

\ Conclusions
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