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Our Mission

CNPEM

To increase the competitiveness of the BioEconomy through Scientific
Deepening, Technological Development and Support to Innovation.
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Virtual Biorefinery

Modeling and Simulation

- Pre planting operations
- Soil preparation

- Planting

- Cultivation

- Sugarcane transport

Biorefinery Simulation (Aspen Plus®)

- Sugars extraction
- Juice treatment
- Fermentation

- Distillation and
dehydration
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- Cogeneration

- Others (depending on the
process)

Integrated Sugarcane Chain

Log&UsoSoft

- Distribution and
commercialization

- Fuel efficiency
- Emissions

Sustainability

Economic analysis

eInternal rate of return
*Production costs

Environmental
analysis

¢Global warming
eEnergy balance

Social analysis

eCreated Jobs
eAccidents

Virtual

Biorefinery

An Optimization Strategy for Renewable
Carbon Valorization
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Polylactic acid (PLA) production integrated to a First-

Generation Ethanol distillery

Techno-economic and environmental assessment using the Virtual
Sugarcane Biorefinery

Antonio Bonomi
Brazilian Bioethanol Science and Technology Laboratory — CTBE/CNPEM
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PLA potential market

Add value to the Brazilian
sugarcane processing chain;

s
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Explore the production
of bioplastics in Brazil;

v
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PLA
potential
market

Substitute part of the PS

@I l currently used in the food

sector. ’
y,

and PET
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Evaluated Scenarios

Processing i E“I ":
capacity of 2 mi \.
t f
suga r:an:eo(MTC) Sugarcane
Surplus ‘ harvesting in a full
electricity mechanized
390 thousand system

MWh \ % ‘.‘? .

1G autonomous
distillery

50% of the straw is

. . recovered from th

field using bailing
,. . system
Anhydrous ethanol /.\ Eﬂ "‘ \ |i "i

170 thousand m3
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Evaluated Scenarios

=) PLA plant integrated to 1G autonomous distillery

1G autonomous
distillery

Juice {

Energy

*10 %
*20%

—>

PLA plant

MINISTERIO DA
CIENCIA, TECNOLOGIA, \
INOVACOES E COMUNICAGOES 00 s, e,



O

CNPEM

Evaluated Scenarios

Evaluated scenarios Description

Base scenario: 1G distillery processing 100%
1G autonomous distillery
of sugarcane juice into anhydrous ethanol.

Main products (per year)

170 thousand m?3 of anhydrous ethanol

390 thousand MWh of surplus electricity

Construction of a greenfield plant which
1G + PLAplantintegrated 10%  processes 90% of sugarcane juice into

anhydrous ethanol and 10% into PLA.

152 thousand m3 of anhydrous ethanol
285 thousand MWh of surplus electricity
22 thousand tons of PLA

31 thousand tons of gypsum

Construction of a greenfield plant which
1G + PLA plant integrated

20%

processes 80% of sugarcane juice into

anhydrous ethanol and 20% into PLA.

135 thousand m3 of anhydrous ethanol
238 thousand MWh of surplus electricity
44 thousand tons of PLA

62 thousand tons of gypsum
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Economic Analysis

m IRR e Ethanol cost

Evaluated scenarios

Internal rate of return

1G autonomous distillery

(%per year)

1G + PLA plant integrated 10%

1G + PLA plant integrated 20%

1G+PLA 10% 1G + PLA 20%
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Ethanol production cost (RS/L)
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Environmental Assessment
J
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60% - stage transport

A40% -
Gross greenhouse gases uptake J
20%
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Relative environmental impact

-20%
Global Warming (GWP)

Comparative cradle to gate assessment of
PLA and PS )
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