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Lignocellulosics feedstocks

Lignocellulosic biomass = hardwood, softwood, herbaceous crops, agricultural straws,
residues from forest thinning, etc.

AGENTIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

The total potential of cellulosic wastes and residues in the EU =225 Mtonnes/yr
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THE SUGARS PLATFORM ’ Y
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BIOCHEMICAL ROUTE

AGENZIA NAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

FERMENTATION PRODUCTS

ALCHOLS

DIOLS

MICROBIAL LIPIDS

ORGANIC ACIDS

TERPENOIDS
POLYHYDROXYALKANOATES

AMINO-ACIDS

DETAILS

Ethanol
Butanol
2,3-Butanediol, 1,4-
Butandiol

Tryacylglycerides

Succinic a.

[taconic a.

Lactic. A.
Farnesene
Polyhydroxybutyrate
Lysine
Phenylalanina
Aspartic acid

APPLICATIONS

ETBE, poly-ethylene
Fuels, chemicals

l
l
Solvent, fuel, |
i

polymers/polyesters, fine
chemicals
Fuel
Tetrahydrofuran, 1,4
BDO, adipic acid,
polyesters
Polymers, resins,
plastics,
Lactides/PLA
jet fuel component
Polyesters, plastics
g-caprolattame-> nylon 6
styrene
nylon 2,6



THE MAIN STEPS IN THE BIOCHEMICAL
ROUTE

SYRUPS

Process performances depehds on:
1 Selection of effective pretreatment

conditions - -
1 Development of high gravity bloprocess?é!); ————



BIOMASS PRETREATMENT AND

EA Steam Explosion Continuous Plant
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The biomass(1 is continuously steamed and exploded in the digester (2), the slurried with warm
water (3) and filtered with a belt machine 4) torecover hemjgellulose@ LT e residue is slurried
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1. Energy

_ green diesel, AN Vo
2. Aromatics fatty alcohols it
1. Ethanol 2. : HMF, Levuli
FERMENTATION PRODUCTS 2. polyols acid

PRODUCTS FROM CHEMICAL
CONVERSIONS

2. Furans



PRODUCTION OF CONCENTRATED SYRUPS

High gravity hydrolysis = process in which the solids content is above 20%

' Higher concentration of the final
product
. Reduced downstream costs

Reduced bioreactor capacity (= lower
installed costs)

Lower amounts of waste waters




THE CHALLENGES

The Challenges of high gravity fermentation:
O High concentration of microbial inhibitors
O Osmotic stress due to high solutes concentration
O Toxic effect of the product (synergistic inhibition)

High gravity conditions reduce the process yields
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ENEA RESEARCH ACTIVITIES

1.0ptimize the enzymatic mix and the process

conditions
2.0ptimize the bioreactors feeding strategies and

reactor geometry/mixing
3.Find the optimal process strategy (SSF, SHF, hybrid

process)
4.Develop robust fermentation processes
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PTIMIZATION OF THE FEEDING STRATEG
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BIOREACTOR GEOMETRY

Stirring in vertical bioreactor Stirring in horrizonatl bioreactor:3



EFFECT OF MIXING

UOVE ECNOLOC-E LEN ERGIA
SO

Gravimetric shaking (2) was more effective than stirring in vertical bioreactor (3).
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Hydrolyzates detoxyfication is sometime necessary to
Increase the microbial conversion efficiency

Pretreated biomass/hydrolyzates
()
Y/

Detoxification =rimoval of degradation

by-products (i.e. organic acids, furan > Overliming
compounds, phenols)

| ‘ " » Steam stripping ¥ wid|

> lon-exchange
resins

Fermentation
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ROBUST MICROORGANISMS
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FERMENTATION WITH ADAPTED

MICROORGANIMS PEALE wore recioL e Leiena
Ca-Alginate + yeast |

COF 4 16 100 68
LD COF 4005 4 16 100 66
COF PO 0,25 16 100 64
COF ’ 0,25 16 100 63
COF 20 97 68
COF 17 700 60
COF 17 93 56
'Z’pi‘ffof‘zf COF 4 33 700 67
COF 37 700 53
COE 34 700 57
COF 67 700 49
P adapled | COF y 34 700 72
up to40% | COF N
(repeated COE 025 41 100 64
cycles) || CEGEA beads 025 33 100 71
P and 3. SEQ | 1079[S][  1.36x10°9]P] 7 73 700 67
adapted + 69
EtOH 1019 /S 5X10°9IP] 4 39 100

COF= cofermentation
SEQ-= sequential fermentation 17
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PROCESS OPTIMIZATION

SHF: separate hydrolysis and
fermentation

' SSF: simultaneous saccharification
and fermentation

H-SSF : hybrid simultaneous
saccharification and fermentation
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PRODUCTION OF BIOETHANOL

AGENTIA NAZIONALE

PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE
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Reference:

Enzyme
dosage Overall
[ga/9 Process Yeast Ethanol | glucose
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S. cerevisiae

0,22 (M861) SHF B 32°C 3.5
S. cerevisiae

R T Lo thRRE 5 (21 ).\ o SRELRL Ry -y T ECLE CERLRCEEL CLLEEEREE (EE S ZY G ER REREL I RLCE CEREL  CRCLEE

0,22 K marxianus k6858 H SSF FB 1 52-50°C 1,4 74
S. cerevisiae

0,085 (SIGMA II) HSSF FB 1 37-50°C 3,8 75
S. cerevisiae

0,085 (SIGMA II) HSSF FB 3 37-502C 3,8 75
S. cerevisiae

0,085 (SIGMA II) HSSF B BT %I 75

0,22 K marxianus k6858 HSSE B e 1,6 77
S. cerevisiae

0,22 (SIGMA II) HSSF FB 3 3 7-50°C 4,2 84
K. marxianus

0,22 k6271 H SSF B 20 4.4 85
S. cerevisiae

0,22 (SIGMA II) HSSE B P 4,2 90
S. cerevisiae

0,22 (SIGMA II) H SSF B 32°C 4,6 91
K. marxianus

022 k6271 H SSF FB 2 32-50°C 4,7 91
S. cerevisiae

0,22 (M861) H 5SSk B 32°0C 4.8 92
S. cerevisiae

0,22 (M861) H SSE FB 2 32-50°C 4,7 93
>. cerevisiae guEEy

0,22 (SIGMA 1II) H SSF FB 2 32-50°C[*" 5,0 'o. 98

*
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BIOREFINERY SCHEMES

PER LE NUOVE TECNOLOGIE, LENERGIA
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ICROWAVES-ASSISTED DEHYDRATION OF

SUGARS TO FURAN COMPOUNDS

~ A

Organic phase

(1-butanol)
—_ o
\“—u_;

Cation-exchanging
resin,

or HCI, NaCl
\—-._;

The advantages of controlled microwave dehydration:
Decreased reaction time and energy;

Reduced formation of secondary by products;

*The advantages of the reactions in biphasic system:
Extraction of the reaction product as it is formed;

Use of biomass derived solvent (butanol)

*The advantages of using solid catalysts (resins, zeolites)
Higher selectivity




DEHYDRATION OF XYLAN TO FURFURALg, gmese=

process T °C [H+ ] Resin Yield Sugar selectivety
Wiy [9/9sussTraTel | CONVeErsion
% %

10 120 2,5 1,3 5 44
10 120 2 2,0 10 30
10 120 1,5 3,1 13 37
10 150 0,12 3,4 42 11
10 150 0,08 3,7 49 12
10 150 0,16 4,7 35 21
30 120 1,5 7,9 19 66
30 120 2 9,4 30 48
30 120 2,5 11,4 32 56
10 150 0,28 24,1 45 85
5 150 1,5 24,6 70 55
10 150 1,5 30,7 91 53
10 180 0,28 49,4 <~ 95 81

The process optimization requires the design of efficient catalysts



CONCLUSIONS

 The success of the various biorefineries concepts also depends on
the development of (energetically) efficient processes which use
limited amounts of chemicals/solvents, low catalysts dosages and
catalyst recovery.

d ENEA is actively working on the development of green
technologies and processes.

d A number of technologies and processes are available for the
production and conversion of sugars

1 Technologies and know- how developed for biofuels can be used
to support the development of novel biorefineries concepts
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