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Schematic representation of pretreatment of lignocelluloses
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lonic liquids (ILs) : a new pretreatment

What are ILs?

0 Organic salts.

0 Usually melt below 100¢9C.
o High thermal stability.

o Non-flammability
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o Very low vapor pressure

There exist an almost limitless
number of combinations

containing anions and cations =
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lonic liquids as pretreatment of cellulose

Several studies have shown that :

<

0 Cellulose can be dissolved
in a number of hydrophilic
ionic liquids,

a ([Bmim]Cl)?
and toxic)

O ([Amim]Cl)3

0 After dissolution, cellulose
can be regenerated e.g. via
addition of anti-solvents
(like acetone or water).

(corrosive

(2): (Bmim]Cl): 1-butyl-3-methylimidazolium chloride
(3): ([Amim]Cl): 1-allyl-3-methylimidazolium chloride

Patents

. Varanasi S., Schall C., Dadi A., Anderson J., Rao J. y Paripatti P. (2008).

Biomass pretreatment. World Intellectual Property Organization WO
2008/112291 A2, The University of Toledo, Toledo, OH, Estados Unidos.

. Varanasi S., Schall C., Dadi A. (2010). Saccharifying cellulose World

Intellectual Property Organization US 7.674.608 B2, The University of
Toledo, Toledo, OH, Estados Unidos.

. Balensiefer T, Brodersen j, D'Andola G, Massonne K, Freyer S, Stegmann

W (2010) " Enzymatic hydrolysis of a cellulose material treated with an
ionic liquid" Publication No. US 2010/0112646 Al.
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Separate Fermentation step after the hydrolysis (SHF) v/s
Simultaneous Saccharification and Fermentation (SSF)

TABLE 11. Evolution of biomass-processing schemes featuring
enzymatic hydrolysis

Biologically .
mediated t Processing strategy”

Cellulase SHF SSF
productign

02

Cellulose
hydrolysig

Hexose
fermentation

Pentose
fermentation

NN

“ Each box represents a bioreactor (not to scale). See the text for definitions
of abbreviations.

Benefits of SSF
-Reduced end-product
inhibition of the
enzymatic hydrolysis,
-Reduced investment
costs.

Disadvantages of SSF

- The need to find
favorable conditions
(e.g. temperature and
pH) for both, the
enzymatic hydrolysis
and the fermentation.




AlM

Study the effect of the use of different process configurations
for the saccharification and fermentation steps (SSF and SHF)
of lignocellulosic residues pretreated with ionic liquid to
obtain bioethanol.
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- Methodology
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Methodology with lls
-1

Pretreatment with
ILs

Forest residues; lenga,

eucalyptus, wheat and corn.

lonic liquid and lignocellulosic materials in the
ratio of 1/20 at different conditions:

1. Blank: without pretreatment, only
enzymatic hydrolysis,

2. [EMIM*][CI] at 80°C for 60 min of
incubation time,
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> 3. [EMIM*][CH at 121°C for 60 min of

& % incubation time,

) 4. [EMIM*][CI] at 150°C for 30 min of
= incubation time,

5. [EMIM*][CI] at 150°C for 60 min of
incubation time,

6. [EMIM*][CI] at 170°C for 60 min of
incubation time,
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Methodology with lls
-1

Forest residues; lenga, Pretreatment with
eucalyptus, wheat and corn. ILs

Solid Fraction
Regeneration with water

Liquid Fraction
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Analysis of

Analysis of

reducing sugars Enzymatic reducing sugars
and Saccharification and

monosaccharides

monosaccharides

< $2U0ISN|IUO) <



Methodology for Separate Fermentation step

after the hydrolysis (SHF )
-4

lls Recicled

Pretreatment with
ILs

Forest residues; lenga,

eucalyptus, wheat and corn.

Solid Fraction
Regeneration
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Enzymatic Saccharification
502C

60 [FPU/g of cellulose] of cellulase (Celluclast 1.5 L)
90 [CBU/g of cellulose] of B-glucosidase (Novozyme 188)
72 hours
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(@)

§ sugars, < Fermentation (SHF)

§' glucose S. cerevisiae Red® Star

7 and 40°C for 72 h with stirring
\/ Ethanol




Methodology for Simultaneous Saccharification and
Fermentation (SSF)

lls Recicled

Pretreatment with
ILs

Forest residues; lenga,

eucalyptus, wheat and corn.

Solid Fraction

Regeneration with water
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Simultaneous Saccharification and Fermentation (SSF)

60 [FPU/g of cellulose] of cellulase (Celluclast 1.5 L)
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Analysis of

reducing )

sugars 90 [CBU/g of cellulose] of B-glucosidase (Novozyme 188)
glucose énd S. cerevisiae Red® Star

Ethanol 40°C for 72 h with stirring
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Pretreatment with lonic Liquids



Effect of different pretreatments
with lonic Liquids —Lenga residues
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Metodologia de Hidrdlisis acida o
liguidos ionicos

Release sugars from Lenga under different pretreatment wit
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t=60 min t=60 min t=60 min
blank without T=80"C T=121°C T=150°C T=150°C
pretreatment
Condition of operations to pretreatment with IL
M Fructose ™ Mannose ™ Galactose MSucrose MXylose ™ Glucose M totalsugars

Effect of temperature, time and type of IL pretreatment on sugars released from
regenerated Lenga. All samples were hydrolyzed with cellulase complex.



Metodologia de Hidrdlisis acida o
liguidos iGnicos

Amount of dissolved sugars present in
[EMIM*][CI] after pretreatment of Lenga
residues a 1509C.
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Eucalyptus at 170°C for 60 min

Samples after pretreatment at 1702C



The best operational conditions for pretreatment with ILs
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ILs [emim*][CI] ILs [emim*][CI]
N4
5 Time 60 [min] Time 30 [min]
% Temperature 150 [°C]
Temperature 150 [°C]
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Conversion Glucose: 44% Conversion Glucosa: 54%

Conversion Xilose: 13% Conversion Xilosa: 22%
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Saccharification and Fermentation



Comparison ethanol production in SSF and SHF processes
for Lenga residues
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The best operational conditions

Parameter

Value

Simultaneous Saccharification and Fermentation (SSF)

<

M.O. Type S. cerevisiae Red Star
Pretreatment lonic liquid [EMIM]CI at 1502C for 30 min
Enzymatic charge 37 FPU/g sustrate
Sustrate charge 9% p/v
Temperature 40°C
Reaction Time 72 hours
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Recycled ILs
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Effect of recicled 1Ils - Saccharification

Lenga Residues

1000 -

/%
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[rmg AR, S gr. material]
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00

Tiempo h]

wi=lP ofePretiipuo ~-Pretllirecl3

wenPrgt LLMCLS wwePretLirec 1S bt llrec X

Sample %.o.f .

48 hrs saccharification
Pure Il 1:3 100
Recycled IL 1:3 89
Recycled IL 1:5 92
Recycled IL 1:9 89
Recycled IL 1:10 89
Without
pretreatment 15

Pure IL Recycled IL




- CONCLUSIONES



Conclusion

e The use of [EMIM*][CI] as a ’structure-disruptive’ solvent in the
pretreatment of Lenga residues was demonstrated.

® The best operational conditions for the IL-pretreatment were
determinated for each lignocellulosic residue.
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e Additionally, the combination of pretreatment with ionic liquid and a SSF
process has high potential for bioethanol production.
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* Finally, reutilization of the ionic liquid after a distillation step, is possible
with very high saccharification and fermentation levels.

suoisn|pUo)

<



EXPLORATORY STUDY BIOREFINERY

Maria Elena Lienqueo, Diego Schneuer F, Roberto Sotomayor
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Petréleo

Residuos
Agricolas y
Forestales

Is the bioethanol production
profitable? How?



Ligno-cellulosic Biorefinery Feedstock (LCF)

E.g.: Forest Biomass (underwoocd, woed); Paper and Ligno-cellulosic

Municipal solid waste; Cereals (Straw).

Y

Lignocellulose (LC)
|

o~

\

¥

¥

4

¥

:

Lignin Hemicullose Cellulose
Phenol-polymer Pentoses; hexoses Glucose polymer
+ |
Hydrolyses '
Natural bindel
g Plant gum Hydrolyses
nd adhesiv '))(ylose Thickeners, adhesives, protective E/C
(Pentose) colloids, emulsifiers, stabilizers l
Sulphur-free '
solid fuel 7 HMF
Xylite s Glucose
s {S-Hydroxymethil-furfural)
Sugar substitute Levulinic Acid (Hexose)
Furfural |Softner = sofventsl Fermentation-products:
-Crggnic acids (e.q. lactic acid)
3 Furan resins Chemical and -Fue\ {e.g. ethanol)
polymers
Chemical \ /
- products
~ -~
Nylon 6

%o Nylon 6.6

BIOREFINERY

riple-effect distillation systeml

Azeotrope distillation system

Solid Waste [ga Syngas
Biomass Kleingas
Cogeneration
| Steam, electricity |
lPLA polymer |

Ssystem

Membrane/pervaporation

| Ethanol -95% |

_'|Raw Waste Water & Sludge
Jo-

High Temperatur

Fuel Cells

i

team, electricity

Cogeneration

Eam

Steam, electricity

Biofertilizers

Legend:

k\_lcohol -99.9%]

|:| Full-scale demonstration

|:| Industrial-scale prototypes

[[] Bench-scale prototypes



Which conditions?
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Materia Prima
(Rastrojo de Maiz)

Nutrientes Levadura
$F31 o F30
Polvo, Piedras y Pre Inoculo
Arena
Producto
- l H2S04 Vapor de agua Enzimas (D15) (Levaduras)
vado £2
(Aspiracién y F5 F7 " F15
Filtrados) v
F14
(D0) Impregnar con EE Explosion a Vapor is. Filtro Slide SSF F16 |
3 Acido (Steam Explotion) Solido/Liquido il
Fa
x (02) (D3) (D4) o5 (D6)
Liquido
Molienda N Liquido F18
(Bolas Vibratorias) l '
F20
(D1) F10 R F19 Columna de Deshi
Neutralizaciéon y CO2 «— Destilacién == Gas —
Ca(OH)2 ™ Detoxificacion (x2) Azotrépico Moled
(D12) (o7) (D8)
Fpi1 F21
A
y H20
Yeso s Big Filtro T F25
Centrifugacion
o F24
! (D9) Deshidratacion
(D13)
Tratamiento Riles %
Rises 4 B (D10)
Liquidos
o1g ¢
F29
Lodo Liquidos Centrifugacion F28
Lignina

(D11)

F23 Producto
(Etanol)

dulzante Natural)

Producto

{Lignina Comercial)
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National Demand: 330,000 m?

Plant Requirment

e |nput
390,000 m3
e 50% Stubble

e 40,000 Ha

Operation
Conditions

e 330 days
e 24 hours

Annual Bioethanol
Production

e 75,000 m3

e 45 % of National
Demand




Parameters.

e Financing: 40%.
¢ Interest Rate : 8%.

e Pay Period: 10 years.
e Discount Rate: 15%.

Plant Inversion.
e 160 millions USS.

Fixed Cost.

e 4 millions USS annual

Variable Cost.

e 52 millions USS annual



Ethanol price = USD 600/m3
= VAN = USD 21,000,000 in 20 years
TIR= 18%

IRR: 5 year.



IRR
Inner Rate Return

23% N A
21% \
19% \
y - —

—
17% \
15% \\
13% / \
11% T T T T T

-30% 20% -10% 0% 10% 20%

Porcentual Change of Variable

=7 Bioethanol Price
=& Raw Material Cost
=B Enzyme Cost

= Equipment Cost



Co-Product (Lignin, Yeast, Xylitol or others)

High sensibility to the price bioethanol, enzyme cost and
equipments cost. Low sensibility to raw material cost.







