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� The vast majority first generation bioethanol

Bioethanol



Why bioethanol from lignocellulosic biomass (LB)?

• LB  is one of the most abundant renewable sources

• Feedstocks not linked to the food market, many of them residues (agricultural 
and forest residues, residues from agroindustries (pulp and paper, food…), 
organic fraction of municipal solid wastes (MSW), or energy crops

• Lower lifecycle CO2 emissions sustainability criteria

• Possibility to obtain high-added value products
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� Highly structured material,  resistant to degradation
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Breakdown of cellulose-hemicellulose-lignin complex

Removing of hemicellulose and lignin coating and microfibril structure

modification

Increasing surface area available for hydrolytic enzymes

BIOMASS PRETREATMENT

Contributing to reduce enzyme dose and conversion time, 

increasing carbohydrate hydrolysis rate



Challenges in biomass pretreatment research

� To improve the understanding of biomass recalcitrance to pre-treatment

� To achieve a SELECTIVE fractionation of biomass components

� To reduce the cost of pre-treatment while maintaining efficiency (high sugar recovery 

and high digestibility)

� To limit chemicals, energy and water consumption and waste production, improving 

environmental performance

� To minimize sugar degradation and inhibitors formation

� TO MAXIMIZE PRETREATMENT EFFECTIVENESS



Limitations

� Selectivity

� High use of energy and/or chemicals

� Are (still) expensive process

Physical Mechanical  milling           Extrusion Microwave Ultrasound

Chemical Acid Alkali Organosolv Ozonolysis Ionic liquids

Physicochemical Liquid Hot 

water

Steam

explosion

Wet oxidation Ammonia

fiber explosion

Supercritical

fluids

Biological White and soft rot fungi

� Biomass pretreatment: many options



HYDROTHERMAL PRETREATMENTS: STEAM 

EXPLOSION TECHNOLOGY 

Biomass is quickly heated by introducing

high-pressure saturated steam in a reactor 

at temperatures typically between 160 and

260oC (0.69-4.83 MPa) and kept for a short 

period of time that can range from seconds

to several minutes. 

At the end of the treatment, biomass is  discharged from 

the bottom of the cylinder to atmospheric pressure

Wheat straw slurry

220oC, 2.5 min, 



STEAM EXPLOSION-PRETREATED FEEDSTOCKS 

Duque, A.; Manzanares, P.; Ballesteros, I.; Ballesteros, M. Steam explosion as lignocellulosic biomass pretreatment. In: Biomass Fractionation Technologies 

for a Lignocellulosic Feedstock Based Biorefinery. 2016. Ed: Mussato, S.I. Published by: Elsevier, ISBN: 9780128023235.



Thermo-mechanical treatment that combines the effect of high shearing

forces produced by the tight rotation of a  twin-screw inside a stationary 

barrel, with the effect of temperature

PHYSICAL  PRETREATMENTS: EXTRUSION TECHNOLOGY 

• � energy consumption (moderate process temperatures: 70-120ºC)

• � toxic compounds generation

• Continuous process

�Effective mixing of material: high solid content pretreated materials

�Continuous breakdown of fiber surface improvement of enzymes accessibility

�Possibility to combine with other chemical treatments



Feedstock PRETRETAMENT 
CONFIGURATION

PROCESS 
CONDITIONS

PROVEN POSITIVE 
EFFECT ON (1)

Corn fiber

Barley straw

Eucalyptus

Praire cord grass

Only extrusion (twin-

screw extruder)

Reactive extrusion

Autohydrolysis + 

extrusion

Extrusion + organic 

solvent

5 Hz, 140 oC, 30% moisture

2.5 Hz, 68oC

0.06 g NaOH/g dry biomass

140-180 oC, 30’

0.83-2 Hz, room T

1.1 Hz, 90oC, 20% moisture

39 min, 129oC,0.7% H2SO4

28% methyl isobutyl ketone

CH, NTCR

CH, NTCR

CH, FB

CH, XS, LR

EXTRUSION-PRETREATED FEEDSTOCKS

(1) CH: carbohydrate hydrolysis; PSR:  particle size reduction; FB : fibrillation; SSA: specific 

surface area; NTCR: no toxic compounds release; XS : xylose solubilisation; LR: lignin removal

From: A. Duque, P. Manzanares, M. Ballesteros (2017). Extrusion as a pretreatment for lignocellulosic biomass: Fundamentals 

and applications. Renewable Energy 114 1427-1441



Sequencial

pretreatments

� Improved enzymatic digestibility of pretreated solids

From: Oliva, J.M. et al. (2017)  “A Sequential Steam Explosion and Reactive Extrusion Pretreatment for Lignocellulosic Biomass 

Conversion within a Fermentation-Based Biorefinery Perspective” . Fermentation 3, 15; doi:10.3390/fermentation3020015



Key messages

� There is no a single “ideal” pretreatment method for

biomass fractionation

�Use of combined/sequential processes targeting 

different biomass components may be beneficial

� Tecno-economic analysis is a key tool in the selection

of the most suitable method, considering the scaling

up process

� Still some progress is needed to reach the objectives

of selectivity, low cost, energy demand, catalyst, etc., 

but we are headed for..
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