
Second generation biofuels:

beyond the competition 

for soil and food



Ethanol for use as biofuel is mainly produced by fermentation from yeasts or 

bacteria

which metabolize sugars in oxygen-poor conditions converting them to ethanol and

carbon dioxide.

Bioethanol can be used in many ways: 

1. it can be added to petrol in different percentages -until a maximum of 30%-

without having to modify the engine; 

2. It can be used as a pure fuel for dedicated engines;

3. it can be used in gasoline as an octane enhancer 

4. and in bioethanol-biodiesel blends as an additive capable of reducing pollutant 

emissions and improving air quality, thanks to a lower release of un-burnt or 

partly oxidized compounds.



Bioethanol can be produced using different feedstocks. 

First generation bioethanol is produced using sugar-based plants -the major world 

producers Brasil and the USA mainly exploit corn and sugarcane.  

Since these are food plants, the recent aim is to replace them with non-food plants or 

wastes in order to make the use of biofuel not competitive for the exploitation of the 

environment.
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Biomass platforms for lignocellulosic 

feedstocks for second generation biofuels



Lignocellulosic 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.



➢ 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



The chemistry of 

plant cell wall

cellulose

hemicellulose

lignin
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Pre-treatment of plant cell-wall: to 

allow complete enzymatic hydrolysis 

of polysaccharides



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. 

Plant cell wall

Tracheids are elongated cells of vascular plants that 

serve in the transport of water and mineral salts. 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiD3tuAos_TAhUFDxoKHb9CCpoQjRwIBw&url=http%3A%2F%2Fbioenergy.ccrc.uga.edu%2FBackground%2Fbackground.htm&psig=AFQjCNGfUlHBw1ZUoFxwl0PE6_2H7bXBgA&ust=1493747702798194


Pretreatment before 

enzymatic hydrolysis 

of cellulose





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.
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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



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 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.



Hemicelluloses include xylan, glucuronoxylan, arabinoxylan, 

glucomannan, xyloglucan



Synthesis of new bio-based building blocks from 

hemicellulose





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, D-
galactose,  L-arabinose,  L-
rhamnose,  D-xylose,  

The hairy regions (shown as 

branches), are more difficult 

to break down



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


Guido Ghisolfi

2013
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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 (near-term) 

•macromolecules (medium-term; <10y) 

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

Use of lignin



Lignin  is  a  branched  polymer of  substituted  
phenylpropane  units joined  by  carbon-carbon   and  
ether  linkages.  Biosynthesis  of  lignin  formation  proceeds  
via polymerisation  of  the  free  radical  forms  of  
precursors.

Lignin

http://en.wikipedia.org/wiki/Image:MonolignolStructure.jpg


p-coumaryl

alcohol 

Coniferyl 

alcohol

Synapil 

alcohol

In  the  final 

polymer  they  form:

Lignin precursors



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



Lignin is polymerized from the three main building 
blocks by peroxidase (POD) and laccase (LAC) in 
secondary cell wall



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 synthesis and degradation: 

laccases (oxidative enzymes)



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.  

Because  lignin  consists  of  interunit  

carbon-carbon  and  ether  bonds,  the

enzymes  must  be  oxidative  rather  than  

hydrolytic. 

The major  consequence  of enzymatic one-

electron oxidation  of  lignins and lignin-

related  phenols  is  oxidative  

coupling/polymerisation

Enzymes for lignin degradation

Beta-O-4 lignin substructure: possible mechanism 

for side chain cleavage

Plant  laccases  and peroxidases catalyse the generation 

of radical formations.



“Laccases: blue enzymes for green chemistry” S. Riva Trends Biotechnol., 24, 219-226 (2006)

Benzenediol oxygen oxidoreductases, EC 1.10.3,2: 

glycoproteins  members of the 

“blue” multi-Cu oxidase family.

LACCASES

2 H2O

 O2

Enz (ox)

Enz (red)

4 SH

4 S
.

Laccases oxidize aromatic compounds, 

in particular PHENOLS and AMINES, 

giving reactive radicals.



Laccasi

➢ Le laccasi sono enzimi appartenenti alla classe delle

ossidasi blu multi rame (EC 1.10.3.2).

➢ Catalizzano la riduzione dell’ossigeno ad acqua e

contemporanea ossidazione di substrati fenolici.



Ludmila Golovleva, G. K. Skryabin Institute of Biochemistry and 

Physiology of Microorganisms, Russia

2. Has a rather low-redox 

potential (∼0.5–0.8 V): it is 

unable to oxidize nonphenolic 

(C4-etherified) lignin units, 

which have a high-redox 

potential (>1.5 V) 

Laccases: limitations

1. Laccase is a large and 

glycosilated molecule (MW 

70,000) which cannot 

penetrate deep into wood

3. Because of these limitations, laccase 

alone can only oxidize phenolic lignin units 

(<20% of all lignin units in native wood) at 

the substrate surface. 



➢ Le laccasi non sono in grado di ossidare substrati non fenolici o substrati troppo

grandi per entrare nel sito attivo.

➢ È possibile ossidare questi tipi di substrati in presenza del sistema laccasi

mediatore (LMS)

Ossidazione di substrati non fenolici

Mediatori sintetici Mediatori naturali



Corici, Ferrario, Pellis, Ebert, Lotteria, Cantone, Voinovich, e Gardossi. RSC Advances 6 (68): 63256–70,2016 

Cespugli, Lotteria, Navarini, Lonzarich, Del Terra, Vita, Zweyer. Catalysts 8 (10): 

471,2018 



CHAPTER 4



Chemical

Enzymatic

Corici L. et al., RSC Adv., 6, 63256-63270, 2016; Cespugli et al., Catalysts 8 (10): 

471,2018 

CHAPTER 4



1. Effect of laccase concentration 2. Effect of temperature

Reaction conditions:

T = 20°C

10mM TEMPO

Laccase C

Reaction conditions:

T = 70°C

Laccase 8 U/mL; 10mM TEMPO

✓ The same laccase solution is

usable for the oxidation of a 

second batch of rice husk

✓ 24 h are sufficient for each

oxidation cycle

✓ TEMPO must be added in the 

second cycle but in lower

concentration

Spennato et al., EFB Bioeconomy journal, 1, 100008, 

2021  
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HVO: Hydrogenated Vegetable Oil



















Dall’Africa all’Asia, passando per l’Italia

L’azienda ha firmato accordi in sette Paesi – Angola, Congo, Costa d’Avorio, Kenya, 

Mozambico e Ruanda – e ha avviato sperimentazioni e studi di fattibilità in altre nazioni – tra 

cui l’Italia e il Kazakistan – per sviluppare i cosiddetti agri-feedstock, ovvero piante da cui 

estrarre oli vegetali, materia prima necessaria per la produzione dei biocarburanti, che 

alimenterà il sistema di bio-raffinazione.

Obiettivo: 700.000 tonnellate di olio vegetale per le bioraffinerie ENI entro il 2026, grazie 

all’integrazione verticale della filiera degli agri-feestock e del waste&residue

Coltivazioni non in competizione con la filiera alimentare

I progetti agri-feedstock sono in linea con i più alti standard europei e internazionali. Lo sviluppo delle 

coltivazioni non incide né sulla produzione tradizionale di colture alimentari, come cereali o canna da 

zucchero, né sulle risorse forestali. Ricino, croton, brassica, camelina e co-prodotti del cotone sono tra le 

colture già utilizzate.

“Tutti gli agri-feedstock sviluppati da Eni sono certificati secondo lo schema di sostenibilità ISCC -

International Sustainability & Carbon Certification a cui farà seguito la certificazione low-ILUC, che garantirà 

che le produzioni agricole siano a basso rischio di cambiamento diretto ed indiretto della destinazione d’uso 

dei terreni”, 

Già a partire dal 2023, le direttive europee prevedono che gli oli vegetali provenienti dall’agricoltura e 

destinati ai biocarburanti non impattino sulla produzione di cibo e non causino deforestazione. 



Una pianta ricca di olio, resistente alla siccità 

e che cresce velocemente su terreni 

degradati, non in competizione con la 

produzione alimentare.

I frutti di ricino raccolti sono destinati al 

primo agri-hub del Paese e dell’intero 

continente africano realizzato da Eni, un vero 

e proprio impianto di raccolta e spremitura 

dei semi. Sorge a Wote, capoluogo della 

Contea. L’olio estratto da questo agri-hub, 

dopo essere stato lavorato, è destinato alle 

bioraffinerie Eni che lo trasformeranno in 

biocarburanti, fondamentali per contribuire 

alla decarbonizzazione dei trasporti. Già 

all’inizio di ottobre 2022 il primo cargo di olio 

vegetale per la bioraffinazione prodotto da 

Eni in Kenya ha lasciato il porto di Mombasa 

alla volta della bioraffineria di Gela.

Sempre in Kenya, Eni sta portando avanti 

la raccolta dell’olio di cucina esausto 

(UCO), sostanzialmente olio fritto, 

coinvolgendo catene di fast food, ristoranti 

e alberghi. 



FORSU

Ogni anno in Italia vengono raccolte circa 30 milioni di tonnellate di rifiuti. Di 

queste, 18 milioni di tonnellate sono correttamente differenziate e, all’interno 

di queste, circa 7 milioni di tonnellate sono di FORSU. Promuovendo una 

maggiore e più corretta differenziazione degli scarti di cucina si potrebbero 

raggiungere 10 milioni di tonnellate di FORSU ogni anno. Questa, 

attualmente, viene utilizzata soprattutto per produrre compost per 

l’agricoltura e biogas. Abbinando una buona raccolta differenziata a una 

diffusione degli impianti Waste to Fuel, su tutto il territorio nazionale, 

potremmo idealmente ricavare ogni anno circa un miliardo di litri di bio olio, 

equivalente a circa 6 milioni di barili di greggio all’anno. Sarebbe come 

scoprire un piccolo giacimento senza, però, dover perforare pozzi e senza, 

soprattutto, emettere ulteriore CO2 nell'ambiente. Con una sola azione 

potremmo dare un grande contributo alla sicurezza energetica del Paese e 

ridurre, al tempo stesso, la quantità di rifiuti e le emissioni di gas serra.


