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Figure 
S
4
: 
Material balances during pretreatment, washing, hydrolysis and fermentation for Processes I – IV. 
A
 – AFEX-bagasse (Process I), 
B
 – StEx-bagasse (washed) (Process II), 
C
 – StEx-bagasse (unwashed) (Process III), 
D
 – StEx-bagasse (whole slurry) (Process IV), 
E
 – AFEX-CLM (Process I), 
F
 – StEx-CLM (washed) (Process II), 
G
 – StEx (unwashed) (Process III), 
H
 – StEx (whole slurry) (Process IV). Abbreviations: 
WIS
 – water insoluble solids, 
WSS
 – water soluble solids.
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Acid 

Hydrolysis

Bagasse

C

5

Liquor

32.0 kg dry weight

0.47kg glucose

1.33 kg gluc-olig

5.21 kg xylose

5.75kg xyl-olig

19.91 kg others

Acid Hydrolysis

120�Cand 1 h

XOS conc. -11.97 g/L

GOS conc. -2.02 g/L

Acid Loading: 1.0 %w/w

Fermentation

32.0 kg dry weight

1.68kg glucose

0.13 kg gluc-olig

11.2 kg xylose

0.29kg xyl-olig

20.21 kg others

Gluc-oligomer-to-Glucose  -82.3%

Xyl-oligomer-to-xylose -91.4%

1.69 kg Ethanol

0.00 kg glucose

0.13 kg gluc-olig

7.97 kg xylose

0.29 kg xyl-olig

21.1 kg others

Y

p/s

= 0.131 g EtOH/g sugars

Y

x/s

= 0.0192 g CDW/g sugars

EtOH conc. -3.18 g/L

Glucose cons. -100%

Xylose cons. -28.86%

Productivity =0.026 g EtOH/L/h

Fermentation

30�Cand 120 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)
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Bagasse

Enzymatic 

Hydrolysis

Liquid

38.1 kg 

Hydrolysate

31.39 kg glucose

1.2 kg gluc-olig

5.54 kg xylose

0.16 kg xyl-olig

3.55 kg others

30.1 kg dry 

weight

7.88kg glucan

1.12 kg xylan

18.6kg lignin

2.53 kg others

Solids

Fermentation

Fermentation

30�Cand 96 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

16.54 kg Ethanol

0.0 kg glucose

1.2 kg gluc-olig

0.16 kg xylose

0.07 kg xyl-olig

Glucan-to-Glucose   -75.6%

Xylan-to-Xylose  73.33%

Steam 

Explosion

32.0 kg dry weight

0.47kg glucose

1.33 kg gluc-olig

5.21 kg xylose

5.75kg xyl-olig

19.91 kg others

100 kg dry weight

39.5kg glucan

25.2 kg xylan

19.4kg lignin

15.9 kg others

63.1 kg WIS dry 

weight

36.8kg glucan

3.07 kg xylan

18.6kg lignin

4.63 kg others

4.90 kg WSS dry 

weight

0.17 kg glucose

0.41 kg gluc-olig

1.53 kg xylose

1.74 kg xyl-olig

1.25 kg others

C

5

-

Liquor

Pressed Solids

Pretreatment

Temp -205�C

Time -0.225 h

Y

p/s

= 0.448 g EtOH/g sugars

Y

x/s

= 0.0418 g CDW/g sugars

EtOH conc. -43.48 g/L

Glucose cons. -100%

Xylose cons. -90%

Productivity =0.591 g EtOH/L/h

Hydrolysis

50�Cand 96 h

Biomass: 36.8 kg glucan

CTec3: 828 g

HTec3: 92 g

Pectinex Ultra: 0.0 g 

BAGASSE-

PRESSEDSOLIDS & 

C

5

-LIQUOR
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SolidsWashing 

& Separation

Cane Leaf Matter

Washed Solids

59.9 kg WIS dry 

weight

32.5kg glucan

3.97 kg xylan

15.7kg lignin

7.73 kg others

0.53 kg WSS dry 

weight

0.10 kg xylose

0.21 kg xyl-olig

0.22 kg others

Enzymatic 

Hydrolysis

Hydrolysis

50�Cand 96 h

Biomass: 32.5 kg glucan

CTec3: 609 g

HTec3: 162.5 g

Pectinex Ultra: 41 g 

Liquid

36.0 kg 

Hydrolysate

32.0 kg glucose

0.98 kg gluc-olig

4.04 kg xylose

0.14 kg xyl-olig

2.52 kg others

24.4 kg dry 

weight

2.69kg glucan

0.57 kg xylan

15.7kg lignin

5.43 kg others

Solids

Fermentation

Fermentation

30�Cand 96 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

16.58 kg Ethanol

0.0 kg glucose

1.83 kg gluc-olig

0.16 kg xylose

0.07 kg xyl-olig

2.52 kg others

Glucan-to-Glucose  -88.66%

Xylan-to-xylose -82.96%

34.5 kg dry weight

0.19kg glucose

1.76 kg gluc-olig

4.0 kg xylose

10.5kg xyl-olig

18.1 kg others

100 kg dry weight

37.5kg glucan

24.8 kg xylan

16.2kg lignin

21.5 kg others

59.9 kg WIS dry 

weight

32.5kg glucan

3.97 kg xylan

15.7kg lignin

7.73 kg others

5.6 kg WSS dry 

weight

0.2 kg glucose

0.34 kg gluc-olig

1.03 kg xylose

2.05 kg xyl-olig

1.98 kg others

PT

Liquor

Pressed Solids

5.07 kg dry 

weight

0.20 kg glucose

0.34 kg gluc-olig

0.93 kg xylose

1.85 kg xyl-olig

1.76 kg others

Wash 

water

Pretreatment

Temp -200�C

Time -0.2 h

Y

p/s

= 0.460 g EtOH/g sugars

Y

x/s

= 0.0443 g CDW/g sugars

EtOH conc. -50.21 g/L

Glucose cons. -100%

Xylose cons. -96%

Productivity =0.689 g EtOH/L/h

Steam 

Explosion

Three-Stage Washing

50�Cand 1 h per stage

Total Water use: 10kg 

per kg pressed solids

CLM-

WIS& C

5

-LIQUOR
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AFEX

TM

Pretreatment

Cane Leaf Matter

100 kg dry weight

37.5kg glucan

24.8 kg xylan

17.2kg lignin

20.5 kg others

Solids

102 kg dry weight

37.5kg glucan

24.8 kg xylan

12.4 kg lignin

27.3 kg others

Enzymatic 

Hydrolysis

Ammonia

for 

recovery

Hydrolysis

50�Cand 96 h

Biomass: 37.5 kg glucan

CTec3: 581 g

HTec3: 263 g

Pectinex Ultra: 93.5 g 

Liquid

60 kg

Hydrolysate

33.9 kg glucose

1.67 kg gluc-olig

20.8 kg xylose

2.25 kg xyl-olig

6.8  kg others

42 kg dry weight

5.29kg glucan

4.24 kg xylan

12.4kg lignin

20.5 kg others

Solids

Fermentation

Fermentation

30�Cand 96 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

24.90 kg Ethanol

0.0 kg glucose

1.67 kg gluc-olig

0.87 kg xylose

2.25 kg xyl-olig

6.8 kg others

Y

p/s

= 0.455 g EtOH/g sugars

Y

x/s

= 0.0538 g CDW/g sugars

EtOH conc. -41.20 g/L

Glucose cons. -100%

Xylose cons. -95%

Productivity =0.343 g EtOH/L/h

Pretreatment

137�C and 0.5 h

100   kg Ammonia

70.0  kg Water

AFEX

TM

-CLM
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Acid 

Hydrolysis

Cane Leaf 

Matter

C

5

-Liquor

Acid Hydrolysis

120�Cand 1 h

XOS conc. -20.1 g/L

GOS conc. -3.45 g/L

Acid Loading: 0.75 %w/w

Fermentation

34.5 kg dry weight

1.01kg glucose

0.93 kg gluc-olig

15.37 kg xylose

0.42kg xyl-olig

18.4 kg others

Gluc-oligomer-to-Glucose  -47.4%

Xyl-oligomer-to-xylose -95.3%

3.75 kg Ethanol

0.00 kg glucose

0.93 kg gluc-olig

6.08 kg xylose

0.42 kg xyl-olig

21.1 kg others

Y

p/s

= 0.229 g EtOH/g sugars

Y

x/s

= 0.0144g CDW/g sugars

EtOH conc. -6.48 g/L

Glucose cons. -100%

Xylose cons. -60.41%

Productivity =0.054 g EtOH/L/h

Fermentation

30�Cand 120 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

34.5 kg dry weight

0.19kg glucose

1.76 kg gluc-olig

4.0 kg xylose

10.5kg xyl-olig

18.1 kg others
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Cane Leaf Matter

34.5 kg dry weight

0.19kg glucose

1.76 kg gluc-olig

4.0 kg xylose

10.5kg xyl-olig

18.1 kg others

100 kg dry weight

37.5kg glucan

24.8 kg xylan

16.2kg lignin

21.5 kg others

59.9 kg WIS dry 

weight

32.5kg glucan

3.97 kg xylan

15.7kg lignin

7.73 kg others

5.6 kg WSS dry 

weight

0.2 kg glucose

0.34 kg gluc-olig

1.03 kg xylose

2.05 kg xyl-olig

1.98 kg others

PT

Liquor

Pressed Solids

Pretreatment

Temp -200�C

Time -0.2 h

Steam 

Explosion

Enzymatic 

Hydrolysis

Hydrolysis

50�Cand 96 h

Biomass: 32.5 kg glucan

CTec3: 609 g

HTec3: 162.5 g

Pectinex Ultra: 41 g 

Hydrolysate

29.12 kg glucose

0.99 kg gluc-olig

6.16 kg xylose

0.27 kg xyl-olig

1.98 kg others

kg dry weight

5.80kg glucan

1.23 kg xylan

15.7kg lignin

7.73 kg others

Fermentation

15.98 kg Ethanol

0.0 kg glucose

1.83 kg gluc-olig

0.16 kg xylose

0.07 kg xyl-olig

1.98 kg others

Glucan-to-Glucose  -79.33%

Xylan-to-xylose -75.02%

Y

p/s

= 0.453 g EtOH/g sugars

Y

x/s

= 0.0382 g CDW/g sugars

EtOH conc. -49.24 g/L

Glucose cons. -100%

Xylose cons. -97%

Productivity =0.672 g EtOH/L/h

Fermentation

30�Cand 96 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

CLM-

PRESSEDSOLIDS & 

LIQUOR
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Cane Leaf Matter

100 kg dry weight

37.5kg glucan

24.8 kg xylan

16.2kg lignin

21.5 kg others

59.9 kg WIS dry 

weight

32.5kg glucan

3.97 kg xylan

15.7kg lignin

7.73 kg others

40.1 kg WSS dry 

weight

0.39 kg glucose

2.10 kg gluc-olig

5.01 kg xylose

12.6 kg xyl-olig

20.6 kg others

Whole Slurry

Pretreatment

Temp -200�C

Time -0.2 h

Steam 

Explosion

Enzymatic 

Hydrolysis

Hydrolysis

50�Cand 96 h

Biomass: 32.5 kg glucan

CTec3: 609 g

HTec3: 162.5 g

Pectinex Ultra: 41 g 

Liquid

65.5 kg 

Hydrolysate

29.51 kg glucose

0.22 kg gluc-olig

16.3 kg xylose

3.22 kg xyl-olig

21.1 kg others

34.5 kg dry 

weight

8.14kg glucan

3.37 kg xylan

15.7kg lignin

7.31 kg others

Solids

Fermentation

16.67 kg Ethanol

0.37 kg glucose

0.22 kg gluc-olig

9.66 kg xylose

3.22 kg xyl-olig

21.1 kg others

Glucan-to-Glucose  -75.81%

Xylan-to-xylose -60.24%

Y

p/s

= 0.362 g EtOH/g sugars

Y

x/s

= 0.0282 g CDW/g sugars

EtOH conc. -35.07 g/L

Glucose cons. -98.73%

Xylose cons. -40.58%

Productivity =0.292 g EtOH/L/h

Fermentation

30�Cand 120 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

CLM-WHOLE 

SLURRY
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Acid 

Hydrolysis

Bagasse

C

5

Liquor

32.0 kg dry weight

0.47kg glucose

1.33 kg gluc-olig

5.21 kg xylose

5.75kg xyl-olig

19.91 kg others

Acid Hydrolysis

120�Cand 1 h

XOS conc. -11.97 g/L

GOS conc. -2.02 g/L

Acid Loading: 1.0 %w/w

Fermentation

32.0 kg dry weight

1.68kg glucose

0.13 kg gluc-olig

11.2 kg xylose

0.29kg xyl-olig

20.21 kg others

Gluc-oligomer-to-Glucose  -82.3%

Xyl-oligomer-to-xylose -91.4%

1.69 kg Ethanol

0.00 kg glucose

0.13 kg gluc-olig

7.97 kg xylose

0.29 kg xyl-olig

21.1 kg others

Y

p/s

= 0.131 g EtOH/g sugars

Y

x/s

= 0.0192 g CDW/g sugars

EtOH conc. -3.18 g/L

Glucose cons. -100%

Xylose cons. -28.86%

Productivity =0.026 g EtOH/L/h

Fermentation

30�Cand 120 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)
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AFEX

TM

Pretreatment

Bagasse

100 kg dry weight

39.5kg glucan

25.2 kg xylan

19.4kg lignin

15.9 kg others

Solids

102 kg dry weight

39.5kg glucan

25.2 kg xylan

14.9 kg lignin

22.4 kg others

Enzymatic 

Hydrolysis

Ammonia

for 

recovery

Hydrolysis

50�Cand 96 h

Biomass: 39.5 kg glucan

CTec3: 741 g

HTec3: 198 g

Pectinex Ultra: 49 g 

Liquid

60.9 kg 

Hydrolysate

33.8 kg glucose

1.98 kg gluc-olig

21.8 kg xylose

2.77 kg xyl-olig

6.5  kg others

41.1 kg dry 

weight

7.07 kg glucan

3.24 kg xylan

14.9kg lignin

15.9 kg others

Solids

Fermentation

Fermentation

30�Cand 96 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

25.63 kg Ethanol

0.0 kg glucose

3.2 kg gluc-olig

0.87 kg xylose

2.77 kg xyl-olig

6.5 kg others

Glucan-to-Glucose  -77%

Xylan-to-xylose -76%

Y

p/s

= 0.461 g EtOH/g sugars

Y

x/s

= 0.0493 g CDW/g sugars

EtOH conc. -43.77 g/L

Glucose cons. -100%

Xylose cons. -96%

Productivity = 0.365 g EtOH/L/h

Pretreatment

140�C and 1 h

100   kg Ammonia

60.0  kg Water

AFEX

TM

-BAGASSE
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SolidsWashing 

& Separation

Bagasse

Washed Solids

63.1 kg WIS dry 

weight

36.8kg glucan

3.07 kg xylan

18.4kg lignin

0.36 kg WSS dry 

weight

0.13 kg xylose

0.16 kg xyl-olig

0.19 kgothers

Enzymatic 

Hydrolysis

Hydrolysis

50�Cand 96 h

Biomass: 36.8 kg glucan

CTec3: 828 g

HTec3: 92 g

Pectinex Ultra: 0.0 g 

Liquid

Hydrolysate

33.9 kg glucose

1.83 kg gluc-olig

3.27 kg xylose

0.07 kg xyl-olig

kg dry weight

4.43kg glucan

0.40 kg xylan

18.4kg lignin

Solids

Fermentation

Fermentation

30�Cand 96 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

16.84 kg Ethanol

0.0 kg glucose

1.83 kg gluc-olig

0.16 kg xylose

0.07 kg xyl-olig

Glucan-to-Glucose  -83.1%

Xylan-to-xylose -86.1%

Steam 

Explosion

32.0 kg dry weight

0.47kg glucose

1.33 kg gluc-olig

5.21 kg xylose

5.75kg xyl-olig

19.91 kg others

100 kg dry weight

39.5kg glucan

25.2 kg xylan

19.4kg lignin

15.9 kg others

63.1 kg WIS dry 

weight

36.8kg glucan

3.07 kg xylan

18.6kg lignin

4.63 kg others

4.90 kg WSS dry 

weight

0.17 kg glucose

0.41 kg gluc-olig

1.53 kg xylose

1.74 kg xyl-olig

1.25 kg others

PT

Liquor

Pressed Solids

4.43 kg dry 

weight

0.17 kg glucose

0.41 kg gluc-olig

1.40 kg xylose

1.58 kg xyl-olig

1.06 kg others

Wash 

water

Pretreatment

Temp -205�C

Time -0.225 h

Y

p/s

= 0.453 g EtOH/g sugars

Y

x/s

= 0.0398 g CDW/g sugars

EtOH conc. -46.75 g/L

Glucose cons. -100%

Xylose cons. -95%

Productivity =0.638 g EtOH/L/h

Three-Stage Washing

50�Cand 1 h per stage

Total Water use: 10kg 

per kg pressed solids

BAGASSE-

WIS& LIQUOR
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Bagasse

Enzymatic 

Hydrolysis

Liquid

67.2 kg 

Hydrolysate

31.01 kg glucose

1.74 kg gluc-olig

13.85 kg xylose

1.05 kg xyl-olig

24.3 kg others

32.8 kg dry 

weight

9.44kg glucan

3.07 kg xylan

18.6kg lignin

3.05 kg others

Solids

Fermentation

Fermentation

30�Cand 120 h

S. cerevisiae 424A: 0.96 g

CDW

/L

CSL: 0.25% (w/w)

16.23 kg Ethanol

0.56 kg glucose

1.73 kg gluc-olig

8.71 kg xylose

1.05 kg xyl-olig

Glucan-to-Glucose   -70.99%

Xylan-to-Xylose  59.25%

Steam 

Explosion

100 kg dry weight

39.5kg glucan

25.2 kg xylan

19.4kg lignin

15.9 kg others

63.1 kg WIS dry 

weight

36.8kg glucan

3.07 kg xylan

18.6kg lignin

4.63 kg others

36.9 kg PT Liquor 

dry weight

0.64 kg glucose

1.74 kg gluc-olig

6.74 kg xylose

7.49 kg xyl-olig

21.06 kg others

Whole Slurry

Pretreatment

Temp -205�C

Time -0.225 h

Y

p/s

= 0.362 g EtOH/g sugars

Y

x/s

= 0.0218 g CDW/g sugars

EtOH titre -34.62 g/L

Glucose consumption -98.20%

Xylose consumption. -37.14%

Productivity =0.283 g EtOH/L/h

Hydrolysis

50�Cand 96 h

Biomass: 36.8 kg glucan

CTec3: 690 g

HTec3: 184 g

Pectinex Ultra: 46 g 

BAGASSE-

WHOLE SLURRY


