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Background information

- Conventional Brazilian ethanol: carbon intensity of 20—25 gCO,e/MJ
« GHG savings of 70%—80% compared to regular gasoline.

.- Can we improve this number with CO, utilization and/or CO, storge?
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Methodology
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* Process simulation in Aspen Plus™ Formate
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1G-BAU: business as usual, and sells 1G ethanol and electricity, no carbon capture technology. This scenariofs
described by the green blocks.

1G+CCS: added carbon capture and storage of CO, produced during sugar fermentation. This scenario
corresponds to a combination of green blocks and the orange block.

1G+CCU: added carbon capture and utilization of CO, — utilization is limited by electricity yield. This scenario
corresponds to a combination of green blocks and the blue blocks.

1G+CCUS: combined addition of carbon capture storage and utilization. This scenario corresponds to a
combination of green, blue, and orange blocks.
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Results of scenarios

Sugarcane capacity (Mt/y)
Ethanol 1G production (kt/y)

1G+CCS
5.0
339.0

1G+CCU
5.0
339.0

1G+CCUS
5.0
339.0

lAdvanced ethanol production (kt/y)
:Electricity sold (mi kwh/y)
ICO, captured (kt/y)

CAPEX (S mi)
Yearly net revenues (S mi)

Yearly costs (S mi)

:Internal rate of return
GWP (3COe/MJ)

+16%




Hydrogen via water splitting
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- Electricity surplus of the biorefinery is not enough to convert all CO, from sugar-
to-ethanol fermentation in the gas-to-etanol pathway

H, production via water electrolysis H, demand to convert all biogenic CO,

using electricity from biomass, in-house (molar ratio of 3 H, for each CO,)

- Using water electrolysis to source H, for the gas-to-bioethanol fermentation is
not a smart choice because replacing the electricity revenue by the additional
revenue from advanced ethanol does not offset the additional process costs.

- This result indicates the low potential of the routes of alternative fuels that rely on water
electrolysis as hydrogen source.

- Maybe it would be better to use these electrons from renewable electricity sources elsewhere
(e.q. replace fossil power generation).
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Carbon capture in sugar-to-ethanol fermentation

BECCS in ethanol plants: potential to deliver biofuels with negative emissions
The results can be further improved if we include biogenic CO, produced in the biomass CHP

We need to claim our fundamental role in net zero goals...
The net-zero future needs to combine:

Processes with lower carbon intensity = renewables and CCS

Processes with negative carbon intensity = BECCUS
BECCS/BECCUS: bring truly negative emissions to the table in large-scale application
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Outlook for BECCUS in sugar-to-etanol fermentation

Policies incentivizing BECCS in ethanol production should be created because CO,
from sugar-to-ethanol fermentation is readily available for compression and
storage:

No need of expensive separation process for carbon capture

CO, readily available at high concentration and high purity (no harmful chemicals)

Compression using renewable electricity (from biomass CHP unit)

Gasification of biomass to produce H, can be considered as an alternative to
water electrolysis to provide green hydrogen of lower cost to the gas-to-
bioethanol process

The process is cumbersome to simulate and was not included in this study

This integration will be investigated in future studies by the Brazilian team of Task 39



Thank you!
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