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Virtual Sugarcane Biorefinery
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Straw recovery systems

baling system




it ' ' CNPEM
Laboratério Nacional de Ciéncia
e Tecnologia do Bioetanol

Straw recovery systems
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Straw recovery systems
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Introduction of mechanization

(in Center-South region)
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Controlled Traffic Structure - ETC

(harvesting and planting)

controlled traffic structure (ETC)
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Biorefinery simulation
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1G — technical parameters

parameter base optimized
boiler pressure 22 bar 90 bar
surplus bagasse sold fuel
surplus electricity no yes
drivers direct electric
use of straw (50%) no yes
steam consumption value from simulation 20 % reduction

per tonne of sugarcane:

189 kWh 192 kWh
52 L* 50kg 86 L 52L 50kg 86 L
- 3 a-7 @
annexed autonomous annexed autonomous
base optimized

* Hydrated ethanol



E . CNPEM
Laboratério Nacional de Ciéncia

e Tecnologia do Bioetanol

Economic assessment

18.4%

13.5%

13.4% 0.35S/L

034$/L
1B B

annexed autonomous annexed autonomous

0.29 S/L 0.29 S/L

base optimized

Source: Cavalett et al., 2011. Environmental and economic assessment of bioethanol, sugar and bioelectricity
production from sugarcane. Chemical Engineering Transactions
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Environmental assessment

(per L of ethanol)

p— ~25% ¥
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annexed autonomous annexed autonomous

base optimized

Source: Cavalett et al., 2012. Environmental and economic assessment of sugarcane first generation biorefineries in
Brazil. Clean Techn Environ Policy
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Environmental impacts

(global warming potential in CO,__ per L of 1G ethanol)
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Source: Cavalett et al., 2012. Environmental and economic assessment of sugarcane first generation biorefineries in
Brazil. Clean Techn Environ Policy



o® o
°®®o

C T BE Laboratério Nacional de Ciéncia
e Tecnologia do Bioetanol

9

A I CNPEM

Validation of VSB

Data from
process

Process Flow -
Diagram description
Validation’s - - New calculations - Adjustment of
report Final analysis using Aspen Plus simulations

Mass and Energy # Simulation using

Results
# comparison

Balances (Excel) Aspen Plus

and power cogeneratlon




°® o
r | CNPEM

°®®o

Laboratério Nacional de Ciéncia
e Tecnologia do Bioetanol

Validation Results

Main streams

Bulletin Aspen Deviation Yield (TRS based) Bulletin Aspen Deviation

Product Unit

Sugar t/h 64.44 | 66.15 | 2.6% Total 89.9% | 91.3% & 1.5%
Hydrated ethanol | m3/h | 15.46 | 15.59 | 0.88% Sugar House 91.5% | 93.8% | 2.5%
Anhydrous ethanol | m3/h | 25.03 | 24.88 @ -0.63% Distillery 86.6% | 87.1% | 0.62%

Validation of process parameters and simulation
results with differences lower than 5%

%

Validating 1G increases confidence in methodology and process
considerations to evaluate other routes/technologies
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Integrated 1G and 2G ethanol production
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Technical results of 2G ethanol

173
116
82 Ii

1G (optimized) 1G2G or
1G+2G

I Ethanol (L/TC) | Electricity (kWh/TC)

Dias et al., 2012. Integrated versus stand-alone second generation ethanol production from
sugarcane bagasse and trash. Bioresource Technology
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Economic assessment of 2G ethanol

16.8%

14.9%
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1G (optimized) Integrated 1G2G 1G+2G

HBIRR HMEthanol cost

Dias et al., 2012. Integrated versus stand-alone second generation ethanol production from
sugarcane bagasse and trash. Bioresource Technology



@ . CNPEM
Laboratério Nacional de Ciéncia

e Tecnologia do Bioetanol

Flexibility ethanol 2G vs electricity

IRR (per year)

18.5%

18.0%

~
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17.0%

16.5%

16.0%

(depending on
market trends)

(no condensing turbine)

(50% of LM used in 1G2G
+ethanol is sent to CHP)

1G2G (+electricity)  1G2G (+ethanaol) 1G2G (flex)

Source: Dias et al., 2013. Biorefineries for the production of first and second generation ethanol
and electricity from sugarcane. Applied Energy
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Environmental impacts 2G ethanol

B 1G ethanol W 1G2G ethanol
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