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sugarcane production chain 



sugarcane biorefinery 

Source: Lago et al., 2012. Sugarcane as a carbon source. Biomaas and Bioenrgy.  
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sugarcane production chain 



virtual sugarcane biorefinery 
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Herbicide application 
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sensitivity analysis - Morris method  

top 15 variables at the sugarcane agricultural sector 
1. intensification factor of sugarcane area  
2. yield 
3. processing capacity of the plant 
4. cost of trucks 
5. global agricultural operation efficiency (man, maintenance, operational) 
6. cost of land 
7. effective days of the harvesting season 
8. number of harvestings per cycle 
9. life spam of trucks 
10.number of harvesting lines for the harvester 
11.salvage value of trucks 
12.fraction of cane transported by truck with trailer 
13.fraction of mechanical harvesting 
14.fraction of sugarcane harvest with 12 months 
15.cost of diesel 
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process flow diagram 



Main Technical Parameters 
Parameter Value 

Plant operation – sugarcane processed (TC/year) 2,000,000 

Sugarcane quality - fibers content (%) 13 

                                 - TRS content (%)  15.3 

                                 - trash produced in the fields (kg/TC, dry basis) 140 

Efficiency –  sugar extraction in the mills (%) 96 

                   – fermentation (%) 90 

                   – boiler 90 bar (LHV basis) (%) 87 

Sugarcane bagasse/trash – cellulose content (dry basis) (%) 40.7 

                                              – hemicellulose content (dry basis) (%) 26.5 

                                              – lignin content (dry basis) (%) 21.9 

Sugarcane bagasse/trash moisture (%) 50/15 

Steam explosion – hemicellulose conversion (%) 70 

                               – cellulose conversion (%) 2 

Enzymatic hydrolysis (current/future technology) – celullose conversion (%) 60/70 

                                                                                          – solids loading 10/15 

                                                                                          – reaction time 72h/48h 

Pentoses fermentation to ethanol conversion (%) 80 



1G 

optimized 

 
use of trash (50%) 

surplus electricity 

90 bar boilers 

dehydration using 
molecular sieves 

reduction on steam 
consumption 

1G2G  

current 
technology 

 

60% hydrolysis yield 

10% solids  

 pentose biodigestion 

high investment and 
enzyme costs 

1G2G  

future 
technology 

 

70% hydrolysis yield 

15% solids  

 pentose 
fermentation to 
ethanol 

lower investment 
and enzyme costs 

evaluated scenarios 

2G 

stand alone 
 

  

Future 
technology 

Receiving 
feedstock from a 
1G (optimized) 
with surplus 
bagasse 
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Source: Dias et al., 2012. Integrated versus stand-alone second generation ethanol production from 
sugarcane bagasse and trash. Bioresource technology 
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M$ 
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1G 
1G2G - CT 
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% per yr 

$/L 

investment 

internal rate of 
return 

ethanol cost 

economic impacts 
(anhydrous ethanol) 

263 
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Source: Dias et al., 2012. Integrated versus stand-alone second generation ethanol production from 
sugarcane bagasse and trash. Bioresource technology 
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• 1G ethanol       $ 0.37/L 

• 2G ethanol (current technology)  $ 0.39/L 

• 2G ethanol(future technology)  $ 0.35/L 

 

 

estimated costs of second generation ethanol 
Integrated to 1st generation plant 

Future technology allows a competitive 
production cost. 
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Source: Based on Dias et al., 2012. Integrated versus stand-alone second generation ethanol production 
from sugarcane bagasse and trash. Bioresource technology 
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environmental impacts 

1G: Autonomous Distillery  1G2G-C: Integrated 1st and 2nd Gen Ethanol Production (Current Technology)   1G2G-F: 
Integrated 1st and 2nd Gen Ethanol Production (Future Technology) 1G-LM: Autonomous Distillery with Surplus 
Lignocellulosic Material  2G-F: 2nd Gen Ethanol Production (Future Technology) 



environmental impacts sensitivity 
global warming potential 
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US$ 150 million – Dedini (2010) 

 2,000,000 TC/year 

 22 bar boiler 

 Azeotropic distillation 

  Technological improvements (optimized 1G): 

 + 40 % on distillation sector (molecular sieves) 

 + 40 % on cogeneration sector (90 bar boilers) 

 + 10% on distillation sector (heat exchanger 
network) 

  Transmission lines – electricity credit 

 Costs (R$/km): R$ 480,000/km 

 Length: 40 km 

 R$ 19.2 million for transmission lines 

 

 

 

 

 Current technology: US$ 70 million – 268,350(1) t 
bagasse/year  (US$525/t dry bagasse) 

 Future technology: US$ 76 million – 462,451(1) t 
bagasse/year    (US$ 327/t dry bagasse) 

  Pentoses biodigestion(2): US$ 13 million for 
processing 76,000 Nm³ biogas/day 

 
 

 Current technology: US$ 0.11/L cellulosic 
ethanol  (producer’s estimate) 

 Future technology : US$ 0.05/L cellulosic ethanol 
(CTBE estimate) 

 
  

1G - Autonomous distillery 2G / Biodigestion 

Investment data 

(1) Bioetanol combustível: uma oportunidade para o Brasil, CGEE, 2009 
(2) Dedini – turn key stillage biodigestion unit 

Enzyme Costs 


