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Biomass platforms for lignocellulosic 

feedstocks for second generation biofuels



Feedstocks composition

In general lignocellulosic feedstocks contain about 40% of 

the carbon bound as cellulose, 30% as lignin and

26% as hemicelluloses and other polysaccharides. 

While cellulose is a uniform component of most types of 

cellulosic biomass, the proportions and composition of 

hemicelluloses and lignin differ between species.
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S1-S3: Secondary cell wall layers

P: primary wall

M.L.: middle lamella

Pre-treatment of ligno-cellulosic 

biomass: Cell wall

Tracheids are elongated cells of vascular plants that 

serve in the transport of water and mineral salts. 

Secondary 

cell wall
Tracheid

25 mm



Lignocellulosic biomass: cell wall 

must be “cracked” open to allow 

complete enzymatic hydrolysis



The cell walls contains layers of cellulose fibers interspersed within a hemicellulose 

packing. Adjacent cell walls are cemented together by pectins in a layer called the 

middle lamella.

The cell wall forms outside the plasma membrane initially as a thin primary cell wall. 

Thereafter, the primary cell wall may thicken or a more durable secondary cell wall

can form between the primary cell wall and plasma membrane. 

In plants, a secondary cell wall is a thicker additional layer of cellulose which 

increases wall rigidity. Additional layers may be formed by lignin in xylem cell 

walls, or suberin in cork cell walls. These compounds are rigid  and waterproof, 

making the secondary wall stiff. Wood and bark cells of trees have secondary 

walls. Other parts of plants such as the leaf stalk may acquire similar 

reinforcement to resist the strain of physical forces.

Plant cell wall
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cellulose, hemicellulose, 

lignin, SiO2





Il materiale dopo la macinatura conserva in parte la morfologia della

superfice superiore ed inferiore. Dalle figure si osserva

l’organizzazione della regione interna della lolla di riso. Nel tessuto

interno sono presenti in parte strutture fibrose tubolari, che

costituiscono il tessuto meccanico del materiale, ma anche i singoli

elementi di conduzione dell’acqua e di nutrienti (denominati trachee o

tracheidi). In ogni caso la struttura vascolare che si osserva è

composta da cellule vegetali morte a maturità di cui sono rimaste

solo le pareti lignocellulosiche, contenenti un’alta percentuale di

matrice polisaccaridica. Gli ingrandimenti delle sezioni della lolla di

riso mostrano come le fibre lignocellulosiche risultino essere più

esposte a seguito della macinatura.





Fuel ethanol from lignocellulosic feedstocks: second 
generation bioethanol. 

Beyond completion for food and land use 
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Two processes for ethanol 
production have been 
studied: separate hydrolysis 
and fermentation (SHF) 
and simultaneous 
saccharification and 
fermentation (SSF).

http://www.pharmaceutical-technology.com/projects/lonza/index.html#lonza1


Pretreatment before 

enzymatic hydrolysis 

of cellulose



Acid hydrolysis is one of the most promising pretreatment 

methods with respect to industrial implementation. It is 

usually performed with mineral acids, but organic acids and 

sulfur dioxide

are other options. 

Dilute sulfuric acid pretreatment has been studied for a wide 

range of lignocellulosic biomass .

It results in high recovery of the hemicellulosic sugars in the 

pretreatment liquid, and in a solid cellulose fraction with 

enhanced enzymatic convertibility. Acid pretreatment has 

also some drawbacks, such as high cost of the materials 

used for construction of the reactors, gypsum formation 

during neutralization after treatment with sulfuric acid, and

formation of inhibitory by-products.





Steam explosion is a successful pretreatment option that involves heating 

lignocellulose with superheated steam followed by a sudden 

decompression. 

The high-pressure steam modifies the cell wall structure, yielding a slurry, 

which upon filtration renders a filtrate with hemicellulosic sugars and a 

cellulose-rich filter cake containing also lignin and residual hemicellulose. 

Steam explosion can be assisted by impregnation with an acid catalyst, for 

instance sulfuric acid or sulfur dioxide. If no impregnating agent is used, the 

process is catalyzed through autohydrolysis.

Acetic acid and uronic acids released from hemicellulose, and formic and 

levulinic acids resulting from sugar degradation contribute to acidification, 

and can inhibit downstream biochemical processes.



Pre-

treatment:

H2O2 + 

acetic

acid

simultaneous saccharification and 
fermentation (SSF)

Pre-treatment:

H2O2 + acetic acid



The polysaccharide consists of D-glucose residues linked by 

ß-1,4-glycosidic bonds to form linear polymeric chains of over 

10 000 glucose  residues. 

The  individual chains adhere to each other along their lengths 

by hydrogen bonding and van der Waals  forces, and crystallise  

shortly  after  biosynthesis.  

Multiple  enzyme  systems  are  required  to  efficiently  degrade

cellulose.

Cellulases: Cellulose enzymatic degradation

cellulose



Mechanism of cellulose hydrolysis

Ref: Himmel, M. et al, NREL 
(2000)

All cellulolytic enzymes share the same chemical 
specificity for ß-1,4-glycosidic bonds, which  they  cleave 
by a general  acid-catalysed hydrolysis. A  common  
feature  of most cellulases in different fungal genera is a 
domain structure with a catalytic domain linked with  an  
extended  linker  region  to  a  cellulose-binding  domain



Mechanism of Glycosidases (hydrolases)

Mechanism: the glycosidic oxygen is protonated by the acid catalyst (i.e. the

carboxylic function of a glutamic residue occurring on the glycosidase) and

nucleophilic assistance to the departing aglycone is provided by a base (i.e. the

charged carboxylate function of an aspartic residue); the resulting glycoside-

enzyme is finally hydrolysed by water generating a stereocenter with the same

configuration.
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The complementary activities of endo- and exotype   enzymes  lead  to  synergy.  
Endoglucanases (EGs,  E.C.  3.2.1.4) attack cellulose microfibrils preferentially in the 
amorphic parts of the fibril .  The  catalytic  region  of  the  enzyme  is  groove-shaped  
that  enables  the attachment  of  the enzyme and  the hydrolysis  in  the middle  part  
of  the  cellulose  fibre. 
Cellobiohydrolases (CBHs,  E.C.  3.2.1.91)  are  exo-type  enzymes that attack 
cellulose fibres from both reducing and non-reducing ends. The  product  of  CBH  
action,  cellobiose is  hydrolysed  by  ß-glucosidases   (E.C.  3.2.1.21)  to  two  glucose  
units. 

Teeri 1997



Hemicellulose consists of several different sugar units and 
substituted side chains in the form of  a  low molecular
weight linear  or  branched polymer.  

This polymer is more soluble than cellulose with a DP 
(degree of polimerzation) of less than 200.  

Hemicellulose can be hydrolyzed by weak acid: it is not
crystallin but rather a gel.

Hemicellulose
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Branched polymers contain  neutral  and/or  acidic  side  groups.  These  
groups  render  hemicelluloses noncrystalline or poorly crystalline, so that 
they exist more  like a gel than as oriented fibres. 

Hemicelluloses form 
a matrix together 
with pectins and 
proteins in primary 
plant cell walls and 
with  lignin in 
secondary cell walls. 

Covalent 
hemicellulose-lignin 
bonds involving  
ester  or  ether  
linkages form  
lignin-carbohydrate-
complexes  (LCCs)







Hemicellulose

Hemicelluloses include xylan, glucuronoxylan, 

arabinoxylan, glucomannan, xyloglucan
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Pectin

• Group of amorphous polymers. 

• rich  in galacturonic acid

• They exist  in  nature  both  in  
a  methylesterified and  in  a  
free  acidic form.  

• Polymers  also contain  neutral  
sugars,  notably  D-galactose,  
L-arabinose,  L-rhamnose,  D-
xylose,  

The hairy regions (shown as 

branches), are more difficult 

to break down
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Lignin from biorefineries

http://www.pharmaceutical-technology.com/projects/lonza/index.html#lonza1


G. Brunow, “Oxidative coupling of phenols and the biosynthesis of lignin”, In: Lewis N.G. 

and Sarkanen S. Ed,  “Lignin and lignan biosynthesis”, 1998 American Chemical Society, 

Washington, DC, p.131.

Structural model of 

softwood lignin

Amorphous 

and 

heterogeneous 

hydrophobic 

polymer



The processing of 140 million tons cellulose and 

pulp in paper production lead to

50 million tons lignin

Use of lignin

About 95% is burned 

Only 5% reutilized

Opportunities that arise from utilizing lignin fit into three 

categories: 

•power, fuel and syngas (near-term) 

•macromolecules (medium-term; <10y) 

•aromatics and miscellaneous monomers (long-term; >10y) 

Use of lignin



Potential applications of lignin

•Production of vanillin

•Dimethyl sulfide

•Methyl mercaptan

•Dye dispersants

•Pesticide dispersant

•Carbon black dispersants

•Water treatment / industrial cleaning

•Complexing agents for micronutrients (Fe, Cu, Zn, 

Mn, B) for soils

•Oil-weel cement retarders

•Leather tanning 



Since white-rot  fungi are  the  only  organisms  capable  of  efficient  lignin  

degradation, their ligninolytic enzyme system has been studied extensively. 

Lignin polymer structure is  irregular,  which means  that  the  degradative  

enzymes  must  show  lower  substrate specificity  compared  to  the  hydrolytic  

enzymes  in  cellulose  or  hemicellulose degradation.  

Enzymes for lignin degradation: 

laccases (oxidative enzymes)



Different Options for Second 

generation fuel ethanol
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Fuel ethanol from food & feed wastes

Apple wastes
(cellulose, 

pectin, starch
hemicellulose)  

Cellulases, 
pectinases, 

hemicellulases 
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Scenario in 2030 ?  

Deglobalization and regional-based economic system

Chemical production will progressively move 

from an oil-centric common vision to different 

regional-based systems. 

US: use of shale-gas, 

China: coal 

Middle East: oil 

Europe:  to remain competitive must foster 

the use of its own resources, biomass, 

waste and CO2

Considering 30% as the target for biomass 

substitution of fossil fuels in year 2030, and 

50% as the average yield in converting 

biomass, the available biowaste is in excess.





75% of biotechnology firms are micro or small 

enterprises  

88% of pure biotec firms are micro or small

Strong focus on R&I activities

The Italian Scenario

micro

small

medium

large

micro

small

medium

large

Number of Italian Biotec firms by size (%) Turnover generated by firms by size (%)

45%

30%

78%

10%



Guido Ghisolfi





Beta Renewables has invested over $200 million in the 
development of the PROESA™ process. The company has built the 
world's first commercial-scale cellulosic ethanol facility in 
Crescentino

PROESA is a ‘second-generation' technology for using non-

food energy crops or agricultural waste and turning them into 

different types of sugary liquids, and is designed to produce 

them at a lower cost than competing approaches. 

http://www.betarenewables.com/PROESA-technology.html






 it has been evaluated that production of chemicals and 

polymer resins from sugars and biomass result in two to four 

times more added value, create six to eight times more 

employment and require less percentage of feedstock 

compared to biofuel production.

Therefore, renewable carbon should be utilized for 

integrated production of fuels and chemicals. 

Efficient exploitation of biomass



Estimated bio-based products market 

demand in the EU up to 2030*

* BIO-TIC project http://www.industrialbiotech-europe.eu/new/wp-content/uploads/2015/06/BIO-TIC-roadmap.pdf 



Not only Ethanol:

Bio-Based Chemical, building blocks and 

polymers from biorefineries

What chemistry needs

The chemical industry relies on six basic 

chemicals or chemical groups including ethylene, 

propylene, the C4 olefins (butadiene and butenes), 

the aromatics (benzene and toluene), the xylenes 

(ortho, meta and para) and methane. 







The Territory at the Core of European and 
Italian  Bioeconomy
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Integrated Biorefineries
The term ‘‘biorefinery’’ describes the process that entails refining of 

biomass in a commercial context for the production of fuels, chemicals, 

polymers, materials, food, feed and value-added ingredients. 

Biorefinery: chemistry meets biotechnology







Italian Biorefineries R&I Activities


