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HOW CAN WE ACHIEVE A SUSTAINABLE
GROWTH OF OUR SOCIETY? ‘x
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SUSTAINABLE GROWTH BASED ON BIOECONOMY Bioeconomy encompasses the production of renewable biological
resources and their conversion into food, feed, bio-based products

and bioenergy via innovative and efficient technologies, while growing
new jobs and industries.

natural resources

climate change

Non-food v" Energy security

Bioeconomy
v Rural development

Biomass

food security v Environmental concerns
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sustainable production

economic and social development
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ALTERNATIVE RENEWABLE RAW

MATERIALS

Raw Materials
 Crude Qils
 Natural Gas

PETRO-
REFINERY

Raw Materials
= Biomass BIO-
" REFINERY

e 15t Generation: wheat, sugarcane, rice, oil

Products

* Fuels
 Chemicals
* Materials

Products

* Fuels

* Chemicals
* Materials
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Cellulose
waste

Hardwood

Municipal
waste
Softwood
Herbaceous
biomass

FEEDSTOCK <+ 2nd Generation: lighocellulosic biomass (Wood, non-food crops, forestry residues)

« 3rd Generation: micro- and macro-algae
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Cellulose Hemicel. Lignin

Lignocellulosic materials are constituted mainly by polysaccharides

Hardwood

(cellulose and hemicelluloses) and lignin

Agricultural Residues
Other Compounds

HEMICELLULOSE

CELLULOSE
v Renewable

v’ Largely available

v’ Cheap

v Widespread

v' Production : 2:10! Tons per year
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«LIGNOCELLULOSIC REFINERY» concept: feedstock can be subjected to sequential
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LIGNOCELLULOSIC BIOREFINERY 4§

treatments to obtain the desired fraction(s), almost untouched or

as soluble reaction products, in separate streams

Lignocellulose Biomass

] !

Hemicellulose

Xylc:se Hemicelulosic -Solid Fuel Glucose CeI::t:)Irc:‘seoiir(i’\;ed-
(pentose) Derived-Compounds | | “FolYmers formulation (hexoses) P
/ \ -Chemical products ¢ l
Furfural XyIitoDEthanol _Thickeners -Hydroxymethylfurfural '::‘pj;:i';f cardboard
v -Additives -Fuel: bio-ethanol _Sta:mzer
-Furan Resins -Stabilizers -Organic Acids: Lactic Acid .
-Chemical products -Emulsifiers -Solvents: Acetone -:elllng .
-Nylon -Prebiotics spersan




PRETREATMENT: FIRST STEP IN A
University of Minho BIOREFINERY
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IDEAL PRETREATMENT:

v' Simple and economical operation

v Limited requirements of energy, process water and chemicals Hemicellulose-derived

Compounds Hemicellulose
o ) NCAH ; (oligosaccharides. furan .

v lelted corrosion \ ‘:‘ HemlceIIUIose compounds) Lignin-derived EA /Kf

o compounds b \ :"

v" Ability to alter the structure of Lignocellulosic biomass Yors |« Lignin qtég_L ¥ L E
PRETREATMENT iy ey + £f | F e

v' Selectivity towards polysaccharides losses A 2L Cellulose ‘Q\_;!ﬁ\'- @]%/ q&l 2\2§|\(

\ SR AR )

v" High recovery of valuable hemicellulose-derived products 'k'ig‘ Cellulose

v" Limited production of undesired degradation products
v" Production of substrates with high cellulose content and susceptibility towards enzymatic hydrolysis
v' Generation of high quality lignin or lignin-derived products

v' Limited generation of wastes



@ CENTRE OF
BIOLOGICAL

PRETREATMENT: AUTOHYDROLYSIS ,‘
ENGINEERING

University of Minho

Lignocellulosic

Liquors containing oligosaccharides from

Biomass > Liquid phase — hemicellulose hydrolysis
And degradation compounds: F. HMF. Phenolic
t T -T compounds
ROZJ‘EXp{ () ref].dt p
0 0]
: Solid enriched in . . .
> Solid phase cellulose and lignin | Autohydrolysis Limitation = Difficult to
Water Enzymatic accessibility is . find an optimal condition for high
improved ! !
_ , ' hemicellulose recovery and high enzymatic
Enzymatic Hydrolysis
Benefits: g;} t susceptibility

v"No corrosion

v"No sludge

e > \ ceIIquse
i @v

b

" :;-" II PRETREATMENT II PRETREATMENT |I /" \oH . lignin

%" hemicellulose

v"No cellulose degradation

v’ Low capital and operational costs .= alternative process:

CoFermentation (C;)
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OUR APPROACH FOR 2ND
GENERATION BIOETHANOL ‘I

Bioethanol from Lignocellulosic Materials

High production costs > bioethanol as transportation biofuel still prohibitively expensive

Advanced processing technologies
v Pretreatment
v High fractionation, high cellulose recovery, low inhibitor compounds, high solubilisation of
Hemicellulose fraction
v' Hydrolysis of cellulose and hemicellulose
v High solid loadings (15-25%) > high glucose concentration > ethanol 4 %
v New yeasts development for high productivity fermentations
v' Selection of robust yeast strains - tolerance to high temperatures and inhibitor compounds
v Nutritional supplementation (low-cost nutrients/residues) - to increase the productivity

v'  Genetic engineering for improvement the yeast robustness/fermentation performance
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Integration and intensification of processes for biofuels and
bioproducts from Lignocellulosic biomass

University of Minho ‘
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_ Selection of natural robust e
Pretreatment and enzymatic 4 [Hieh strain

hydrolysis technology High soli
loading

temperature

Inhibitors

Nutritional/temperature Natural robust strain genetic

modification

optimization

Pentoses + Hexoses

Fermentation
N -
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Products

Xylooligosaccharides

Phenolic Compounds
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Integration and intensification of processes for biofuels and
bioproducts from Lignocellulosic biomass

Eucalyptus

Raw Materials

Pretreatment and enzymatic
hydrolysis technology

Nutritional/temperature

optimization

Butaml

Orali conite st~ ™ Z]ipe
Levulinic Acetoin Fyari 1 0 i

it el ]eneB%"”pﬂS}lﬁ,

.ﬁi.g yCO Ew J:'» P“’I"‘"?d’da go%

(voonic! -
== Haconiclyoxylie .S Butye ananuic \mhmm
"~ horans Acetone OV Z" S \\ll\Phh\dnde Fructose
= Comerie Adipic :

(itric Leocine

Corn cob
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High soli

loading temperature
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Pentoses + Hexoses

Bioethanol

Fermentation
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Wheat straw
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Vine pruning residues

Selection of natural robust
strain I

Natural robust strain genetic

modification

OH

Furan derivatives Resveratrol
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100 kg

(VPR)

Hemicellulose

Vine Pruning Residue

INTEGRAL VALORIZATION OF VINE PRUNING RESIDUES BY SEQUENTIAL

AUTOHYDROLYSIS STAGES

Autohydrolyzed VPR

Pretreatment: Sequential Steps of Autohydrolysis

¥

Hemicellulose-
o~_derived compunds

Autohydrolysis Liquor

Autohydrolysis Solid

Hemicellulose

.

JGEL s
Gl

Cellulose

-« Lignin-derived13-6 kg XO0S
.-<omeounds 3 1 kg Total Phenolics

|

= 17 g/L Xylooligosaccharides

= Phenolic compounds

]

Enzymatic Hydrolysis
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SHF

<4 Enzymes

[ —

Yeast

Biofuel

SSF

13.1 kg Bioethanol

Enzymes
+
Yeast

27 kg Lignin

[ = Lignin ] Jesus et al., 2017 Journal of Cleaner

Production, 168, 74-86
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Lignocellulosic
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Ethanol

Cunha et al.. 2018, Bioresource
Technology, 250, 256-264

BOOSTING BIOETHANOL PRODUCTION FROM EUCALYPTUS WOOD BY

WHEY INCORPORATION

93 g/L of ethanol
94 % etanol yield

105

B 8.5 % cheese whey
1 17 % cheese whey
I 25.5% cheese whey
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Eucalyptus globulus Wood 25%

100 -

Ethanol concentration (g/L)
&

Ethanol yield (%)
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