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Energy and industry account for 80% of global GHG emissions  ETHziirich
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Current fossil-based chemical industry is unsustainable ETHzirich
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[1] Galan-Martin, A. et al. One Earth, 2021 (DOI: 10.1016/j.oneear.2021.04.001)
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... but usually lead to environmental burden shifting

[1] Medrano-Garcia, J. D., et al., ACS Sustain. Chem. Eng., 2022 (DOI: 10.1021/acssuschemeng.2c01983)



Vinyl chloride monomer (VCM) synthesis is energy intensive...

Ethylene e

O2 %@xychlorination)ﬁégg Cc4

R3

EDC A . . N F
i +
—»(I Cracking )—'EEEEE Cz | VCM water] | L.
5 4 v =
f’ ‘“\ R2 \J Py S1 | Decanter -2IC5
Ethylene — Organic e

—>{ Chlorination 2| C 1 Aqueous
cl } &= F—}cs
< R1 EDC | == Wastewater

.| EE

VCM \r

TCE EDC S EDC
EDC
:

[1] Medrano-Garcia, J. D., et al., ACS Sustain. Chem. Eng., 2023 (DOI: 10.1021/acssuschemeng.3c03006)



... but alternative synthesis routes could be the solution
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[1] Medrano-Garcia, J. D., et al., ACS Sustain. Chem. Eng., 2023 (DOI: 10.1021/acssuschemeng.3c03006)



The potential of the 1-step VCM ethane route shows no burden shifting

Ecosystems quality

108 108
16 16
2020 \ l | 2050

M)
N
|
~

Carbon footy
30 Production cost

EQ / Species-yr kg(VCM)"
co

N
S
]
o
1
o N

M) 2 2 2 2
P @ 08 G 3@

=
S
0.8 — ?
o ()]
@ ¥4
' L5
Q12- ~ 06~
8 i i 3 In health
2 1 g 106
o 06 - L 0.4+
= = { 2050
I 3 .
S 5 -
0'0 i n- 0 2 _ ‘ I—
- S 4-
N\ \Y b O
© y & 5Q 5\29 O N 5\_29 0.0 - :.) 3
o Q‘Ga\ N Q<°°\ o 3
yg;\.‘ 5\_09 A 5\_@ ,\‘%\QI g 2
L |
I
B Hot utilites [l Cold utilites ] Electricity -
I Hydrocarbon [ Cl, 0 _

0P o P [
5y Xe g’\-
();5 1‘6 AS ,\fq—,

[1] Medrano-Garcia, J. D., et al., ACS Sustain. Chem. Eng., 2023 (DOI: 10.1021/acssuschemeng.3c03006)



What is Photo2Fuel?
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Photo2Fuel is a European research project that
aims to produce biofuels and chemicals from
sunlight and captured CO,




Semi-artificial photosynthesis for efficient 1-step chemical production
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[1] Gai, P., et al., Angew. Chemie. - Int. Ed., 2020 (DOI: 10.1002/anie.202001047)



Decarbonizing the BAU is resource intensive

B

Business-as-usual (BAU)

¥ Natural gas ——— Syngas —— Methanol s
@®p | Acetic acid

Y Naturalgas ———» Carbon monoxide

Water ——> Hydrogen (green)
4® | Methanol (green)

° (] .
Carbon dioxide (DAC) 4¢ Acetic acid (green)

)
Water ——> Hydrogen (green) o
.y. Carbon monoxide (green)

Carbon dioxide (DAC)

[1] Medrano-Garcia, J. D., et al., ACS Sustain. Chem. Eng., 2025 (DOI: 10.1021/acssuschemeng.4c07324)



Alternative and more efficient acetic acid synthesis pathways
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Semi-artificial photosynthesis (SAP)
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[1] Medrano-Garcia, J. D., et al., ACS Sustain. Chem. Eng., 2025 (DOI: 10.1021/acssuschemeng.4c07324)



Decarbonizing the SAP only requires swapping the CO, source
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[1] Medrano-Garcia, J. D., et al., ACS Sustain. Chem. Eng., 2025 (DOI: 10.1021/acssuschemeng.4c07324)



Take-home messages

Decarbonizing chemicals and fuels usually results
in economic and environmental trade-offs

Nonconventional synthesis routes could bridge a
sustainable chemical industry transition




ccccccccccccccccccc

tecnal:a

MEMBER OF BASQUE RESEARCH
& TECHNOLOGY ALLIANCE

UPPSALA
UNIVERSITET

—
IZ ENERGIE

% UNIVERSITEIT
=% VAN AMSTERDAM

@ Kneia

ETHzurich

17



THANK YOU FOR YOUR
ATTENTION

juan Diego Medrano Garcia
ETH Zurich
juan.diego.medrano@chem.ethz.ch



