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1.Fermentation Technology (+/- 60 min):

- Bioprocesses

- Biofuels & bioproducts

- Biocatalysts

- Engineered Microorganisms

2.Case Study & Discussion (+/- 30 min): 

- Biofuels vs. E-mobility
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Biochemical Conversion Value Chains for Biomass



Lignocellulosic ethanol

BIOMASS Pretreatment
Cellulose and 
Hemicellulose

Hydrocarbons from sugars (biochemical)

Enzymatic 
Hydrolysis

Glucose, 
Xylose, 
others

Fermentation Ethanol

BIOMASS Pretreatment Sugars
Yeast/Bacterial 
Fermentation

Long Chain 
Fatty 

Alcohols or 
LC Fatty Acids

Hydrocarbons from sugars (chemical)

BIOMASS Pretreatment
Sugars, 

HMF

Lignocellulosic higher alcohols and novel biofuel molecules

BIOMASS Pretreatment
Enzymatic 
Hydrolysis Fermentation Ethanol



Sugars (and syngas) to higher alcohols

Company Site Products Year Cap. 
ML/yr 

Type Status 

Amyris 2*NZ
KO, AU

Various non-fuels 50 
70

Comm.
Comm.

Plan
Plan.

DSM (ex-Amyris) BR Farnesene 2012 40 1st ind. Op.

BUTAMAX UK
USA 

Isobutanol 2012 0.2 Demo
1st ind.

Com.
Plan.  

GEVO USA Isobutanol 2014 6 1st ind. Com.  
Global Bioenergies FR Iso-butene 2017 100 tpa Demo Op.

REGI (LS9) USA Fatty alcohols 2012 0.13 Demo Op.

VIRENT USA Various fuel/ non-
fuel

2009
2013

~ 0.04
~ 0.02

Demo
Demo

Op.
Op.

Syngas (CO+H2) to alcohol
Lanzatech USA Ethanol 2018 60 Demo 2018?
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Lignocellulosic ethanol

BIOMASS Pretreatment
Cellulose and 
Hemicellulose

Hydrocarbons from sugars (biochemical)

Enzymatic 
Hydrolysis

Glucose, 
Xylose, 
others

Fermentation Ethanol

BIOMASS Pretreatment Sugars
Yeast/Bacterial 
Fermentation

Long Chain 
Fatty 

Alcohols or 
LC Fatty Acids

Hydrogenation

Synthetic diesel 
and/or jet-type 

biofuels

Hydrocarbons from sugars (chemical)

BIOMASS Pretreatment
Sugars, 

HMF
Condensation/ 
Hydrogenation

Alkanes for jet 
and diesel 

engines

Lignocellulosic higher alcohols and novel biofuel molecules

BIOMASS Pretreatment
Enzymatic 
Hydrolysis Fermentation Ethanol

Chemical 
synthesis

Alkanes or its 
precursors for 
jet and diesel 

engines



Alcohols to hydrocarbons

Company Site Feed Year Cap. 
ML/yr 

Type Status 

Main product= diesel and jet substitutes

Gevo USA Isobutanol 2011 0.5 Demo Op.

Byogy USA Ethanol 2017 Demo Op.
Sw. Biofuels SE Alcohols 2012 0.01 Pilot Op.
Lanzatech NZ(USA) Ethanol 2015 Pilot Op.

Main product= gasoline substitutes
Enerkem CA Methanol 2018 Pilot Op.
KIT DE Methanol 2014 0.7 Pilot Op.
Lurgi MTS DE Methanol 2008 Pilot 2011
Topsöe TIGAS DK Methanol 2014 90 Com. 2018



Alternative Fuels for Transport



Aviation Fuels: Specifications

Enough energy:

Specific energy: > 42.3MJ/Kg

Liquid fuel at high altitudes:

Freezing point: < -40ºC

Safety:

Flash point: > 40°C

Engine Specifications:

Density:  0.775 – 0.845 Kg/l

Viscosity:  <8mm2/s (-20°C)

Boiling point:  200-300°C

Kerosene

• 10-15% of a crude barrel 

• Chain length: C8-C16

• 70-85% made of linear, iso- and cyclo-alkanes

• some naphthalene and alkenes

• 8-22% is made of aromatics

• Sulfur < 300 ppm



Amyris - Sugarcane to jet and diesel precursors

Sugars Precursor Jetfuel

FERMENTATION
(yeast)

B - Synthetic biology:

 S. cerevisiae

 Isoprenoid pathway

C – Hydrogenation reaction

B C

B C
FARNESANE
(Certified by ASTM 
for 10% addition to jet-fuel)



Energy (pathways) efficiencies for novel biofuels



Status of Fermentation Technologies for Advanced 

Biofuels

Source: Kyriakos Maniatis, DG ENERGY, EBTP 7th SPM, Brussels, june 21, 2016



Processing Operations for Advanced Bioethanol

Pretreatment

HE
Fermentation Destillation

Feedstock 

handling

www.inbicon.com



Biochemistry Conversion Processes to 

Advanced Biofuels – Key Challenges 



Biochemistry Conversion Processes to Advanced 

Biofuels – Key Challenge I 



Feedstocks for Advanced Bioduels

Feedstock

Challenge:

Lignocellulose

biomass

recalcitrance and 

heterogeneity is an

issue!



Pre-treatments Range for 2G EtOH

BALITM technology



Current Flagships Pre-treatment Technologies

No standard technology available for any type of biomass

Cellulose

Hemicellulose

Lignin

Cellulose

Hemicellulose

Lignin

In: Carvalheiro, F., Duarte, L.C., 
Gírio, F. M. (2008). J. Scientific 
& Ind. Res., 67, 849-864



Pretreatment | Flexible feedstock is importante!



Process Intensification: High-solids SSF (≥ 25% DM)

Lignocellulosic 
materials

Pretreatment BIOFUELLiquefaction

Cellulases and 
hemicellulases

SSF

Yeast 
inoculation

Pentoses Fermentation

50ºC 35ºC

Sugarcane bagasse

SSF runs at 25 and 30% (w/w) WIS, 10, 20 and 30 FPU/g glucan
Enzyme 

load

(FPU/ g 

glucan)

% solid content (w/w)

25 30

Glucose 

at 24h

Ethanol 

(g/l) 

LSSF yield 

(%)

Glucose 

at 24h

Ethanol 

(g/l)

LSSF yield 

(%)

10 92 57 52 116 76 53

20 108 72 61 142 87 59

30 127 80 67 157 92 61



Biochemistry Conversion Processes to Advanced 

Biofuels – Key Challenge II 



Enzyme Technology: Moving to tailor-made real cases



Maximal Yields

MATERIAL Time

(h)

[Glc]max

(g/L)

[Xyl]max

(g/L)

G

(%)

X

(%)

G+X

(%)

Unbleached pulp 24 83.5 1.8 18.0 0.5 96.3 2.2 72.1 2.4 91.2 2.2

Bleached  pulp 24 84.4 3.5 20.6 0.6 94.9 4.0 82.6 2.7 92.4 3.7

Fines – kraft 24 86.1 0.4 19.3 0.7 95.8 0.4 73.6 3.2 91.6 0.9

Branches – kraft 24 76.9 0.3 14.0 0.6 89.6 2.2 63.8 2.7 84.8 2.3

Bark – kraft 72 4.3 1.4 1.5 0.1 3.2 1.6 2.7 0.7 3.1 1.4

Acacia – kraft 48 75.1 0.3 14.5 1.0 87.8 1.9 62.3 5.1 83.2 0.7

Willow – kraft 48 73.0 0.5 12.5 0.2 77.2 1.5 58.3 0.9 77.4 3.6

Giant reed – kraft 24 71.8 3.1 12.6 0.4 86.2 3.6 45.4 1.7 76.7 3.2

Miscanthus - kraft 48 58.6 0.7 15.3 0.2 72.2 0.9 52.9 0.9 69.6 0.5

0            20            40            60           80          

In: Marques, S. et al (2015) EUBCE, Vienna



- Cost of unitary enzymes

- Amount of the enzymes needed

- Reciclabality?

- Total cost of enzymatic stage

Enzymatic Hydrolysis

Bgl2



Biochemistry Conversion Processes to Advanced 

Biofuels – Key Challenge III



Bacterium Engineering for Novel 

Biofuels

Steen et al. (2010) Nature 463:559

Sugars Precursor Jet fuelXylan

HYDROLYSIS FERMENTATION

Synthetic Biology:
 E. coli

 Xylan breakdown

 C-flow increase through biosynthetic 

pathway of fatty acids 

 Co-expression of ethanol fermentative 

pathway

B B B

CBP

(bought by REGI-

Renewable Energy Group Inc.)



S. cerevisiae Engineering for Pentoses 

Fermentation

Ethanol RED

PE2

CAT1

GXF1/XR/XDH

or

XR/XDH

ΔGRE3

or

ΔPHO13

or

XKS1↑

ΔPHO13

ΔGRE3

or

ΔPHO13

ΔPHO13

Background
strains

Cassette insertion,

selection in xylose
and evolutionary engineering

2nd stage
Single-mutants

2nd stage
Double-mutants

2nd stage
Triple-mutants

(XYL1)

(XYL2)

(XKS1)



Engineering Microrganisms vs their influence 

on Fermentation Technology

• Fermentation of C6 sugars only (for ethanol)

SCENARIO A  Ethanol (C6 sugars) + Xylooligosaccharides (XOS) + Lignin (CHP)



Engineering Microrganisms vs their influence 

on Fermentation Technology

• Fermentation of C5+C6 sugars

SCENARIO B  Ethanol (C5/C6 sugars) + Lignin (CHP)



Engineering Microrganisms vs their influence 

on Fermentation Technology

SCENARIO A  
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Biochemistry Conversion Processes to 

Advanced Biofuels – Key Challenge IV 



Example: Process configurations

for bioethanol biorefineries in EU & BR

SC Juice

Bagasse/Straw

SUGARCANE

Stand-alone
technology
2G (EU)

Clear mash
technology
1G2G  (BR)



Example: Process configurations

for bioethanol biorefineries in EU & BR

Stand-alone
technology
2G (EU)

Clear mash
technology
1G2G  (BR)

SC Juice

Bagasse/Straw

SUGARCANE

Clean sugars

LIGNIN SOLIDS

LIGNIN-RICH 
SOLIDS

Filtration

Slurry (solids + sugar hydrolysates



Process configurations

for bioethanol yield and enzyme recycling

SHF

SSF

Stand-alone
technology – 2G

Clear mash
Technology (w/ or 
w/o Membranes)
(Brazil) – 1G2G

SHF-CMT

SHF-CM&MT



Biomass Feedstock as a whole
- Main Components -

(In: Alberts et al., 2002, Molecular 

Biology of the Cell 4th ed.)

LIGNIN/PECTIN

HEMICELULOSE/LIGNIN
+

CELULOSE



Lignin Platform

Lignin Industry Today

 Exclusively based on pulp and paper industry

 By-product from Kraft and Sulphite pulping process

 Applications limited by inherent characteristics of extracted lignin

 Current chemical pulping processes (Kraft and Suphite) leads to: i) chemical

adulteration of the extracted lignin (Na, S, Mg, etc), ii) chemical modification

(condensation) and iii) require extensive and expensive post-treatment to return to 

desired properties

 Almost 1 Bilion € business



Lignin Platform
- Higher-Added Value Products -

•Methanol

•DME

•Ethanol

•Mixed alcohols

•Fischer-
Tropsch

•Liquids

•C1-C7 gasses

•Benzene

•Toluene

•Xylene

•Cyclohexane

•Styrenes

•Biphenyls

•Phenol

•Substituted 

phenols

•Cathecols

•Cresols

•Resorcinols

•Eugenol

•Syringols

•Coniferols

•Guaiacols

•Carbon fibre fillers

•Polymer extenders

•Substituted lignins

•Thermoset resins

• Composites

•Adhesives

•Binders

•Preservatives

•Pharmaceuticals 

•Polyols

Syngas 

products
Hydrocarbons Phenols

Oxidised 

products
Macromolecules

•Vanillin

•Vanilic acid

•DMSO

•Aromatic acids

•Aliphatic acids

•Syringaldyde

•Aldehydes

•Quinones

•Cyclohexanol

•ß-keto adipate

•Vanillin

•Vanilic acid

•DMSO

•Aromatic acids

•Aliphatic acids

•Syringaldyde

•Aldehydes

•Quinones

•Cyclohexanol

•ß-keto adipate

IEA Bioenergy- Task 42 Biorefinery (2012), Bio-based chemicals: value added products from 
biorefineries. 



Lignin Extraction & Upgrading
- Industrial Status -

Company Feed Process BL lignin Prod Status

Valmet FI Black liquor Precipitation Lignoboost Industrial
Suncarbon SE Black liquor Membrane filtr. Lignin concent. Pilot
Company Feed Process Upgrading Status
Beta Renew. IT Hydrolysis Hydrogenolysis Hydrogenation Pilot
RenFuel, SE BL lignin Thermal Esterification.

Refinery.
Pilot

SCA SE Black liquor n.a. n.a. Pilot
Suncarbon SE BL lignin HTL Refinery Bench
Licella AU/CA Black liquor HTL Refinery Pilot
Lignojet SE BL lignin Hydrogenolysis Refinery Bench
Chalmers SE Black liquor Near SC Refinery Pilot

Other entities process lignin for non-fuel purposes (resins, phenols, plastics)



Hemicellulose Platform
- Biomass Chemical Diversity -

Polysaccharide type Biological origin Abrev. Amountª 
Units 

DP Schematic representation 
Backbone Side chains Linkage 

Arabinogalactan Softwoods AG 1-3;35* -D-Galp -D-Galp 

-L-Araf 

-L-Arap 

-(16) 

-(13) 

-(13) 

100-600 

14

 
Xyloglucan Hardwoods, grasses XG 2-25 -D-Glcp 

-D-Xylp 

-D-Xylp 

-D-Galp 

-L-Araf 

-L-Fucp 
Acetyl 

-(14) 

-(13) 

- (12) 

-(12) 

-(12) 

 

14

 
Galactoglucomannan Softwoods GGM 10–25 -D-Manp 

-D-Glcp 

-D-Galp 
Acetyl 

-(16) 40-100 

14

 
Glucomannan Softwoods and 

Hardwoods 

GM 2–5 -D-Manp 

-D-Glcp 

  40-70 14

 

Glucuronoxylan Hardwoods GX 15–30 -D-Xylp 4-O-Me--D-GlcpA 
Acetyl 

-(12) 100-200 

14

 
Arabinoglucuronoxylan Grasses and cereals, 

softwoods 

AGX 5–10 -D-Xylp 4-O-Me--D-GlcpA 

-L-Araf 

-(12) 

-(13) 

50-185 

14

 
Arabinoxylans  Cereals AX 0.15-30 -D-Xylp -L-Araf 

 

Feruloy 

-(12) 

-(13) 

 

14
 

Glucuronoarabinoxylans Grasses and cereals GAX 15-30 -D-Xylp -L-Araf 

4-O-Me--D-GlcpA 
Acetyl 

-(12) 

-(13) 

 

14

 

Homoxylans Algae X  -D-Xylpb    14

 

ª% on dry biomass; b may also present -(13) linkages on the backbone; * (up to) in the heartwood of larches 

In: Gírio FM, Fonseca 

C, Carvalheiro F, 

Duarte LC, Marques S 

& Bogel-Łukasik R 

(2010), “Hemicelluloses

for fuel ethanol: a 

review”, Bioresource

Technology 101:4775-

4800.



Hemicellulose Platform 
- Top 10 Sugar-derived Products as Building Blocks -

 Ethanol
 Furans (Furfural, HMF, 

FDCA)
 Glycerol & derivatives
 Biohydrocarbons 

(isoprene, other)
 Lactic acid
 Succinic acid
 3- hydroxypropionic 

acid/aldehyde 
 Levulinic acid
 Sorbitol
 Xylitol    

In: Bozell & Petersen (2010) Green Chem, 12: 539-554. 



Kamm, et al. 2006

Great potential:

• Polymers

• Solvents

• Additives for fuels

(diesel),

• Composite materials

• ...

• “Top value chemical”
Bozell & Petersen 2010

• Market: 3x10
5-13

ton/yr

Furfural



Lactic acid

Applications:

• Food, plastics (polylactates), cosmetic, pharmaceutical, industries

• “Top value chemical”
Bozell & Petersen 2010

Production:

• Recombinant E. coli

Y = 0.63 g/g xyl. Catabolic

De-repressed mutants can

assimilate Xyl +Glc (Y = 0.73 g/g)

• Recombinant Pichia stipitis 

Higher tolerance to product inhibition

That leads to the use of calcium as neutralizing agent, or the use of 

membranes (Simultaneous Fermentation and Separation)

HO

O

OH



Succinic acid

Applications:

• “Top value chemical”
Werpy & Petersen, 2004, Bozell & Petersen 2010

Production:

• Microbiologically:

• Bacteroides ruminicola, B. amylophilus, Anaerobiospirillum 

succiniciproducens; Actinobacillus succinogenes; Mannheimia 

succiniciproducens;

• Recombinant E. coli (Y = 0.5 g/g xyl and Y = 0.6 g/g in the 

presence of Glc and Xyl); Recombinant Corynebacterium 

glutamicum.  Both assimilating glc and xyl without diauxy.

• A competitive process should surpass Q > 2.5 g/Lh, (not yet

attained).

O

OH

O

HO



Biochemistry Conversion Processes to 

Advanced Biofuels – Take-Home Messages
 Process technologies compatible with utilization of multi-flexible feedstocks 

 Development of flexible (and less energy-intensive)  integrated pre-treatment 
with simultaneous separation of contaminants/inhibitor

 Reduce fermentation complexity (one pot vs two pots) and improve biological 
performance through maximization of LC sugars utilization

 Use of synthetic biology for improving novel and robust industrial cell factories 
platforms

 Integrate adequately in a “biorefinery context” lignin and side streams

 Simultaneously, improve the value chain sustainability through craddle-to-
gate GHG reductions 

 Full Integration biochemical/chemical technologies
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Biofuels vs. E-mobility
The case of Lignocellulosic Bioethanol



1. How important shall be the role of E-mobility in the different transport modes by 2030 and 2050?
- Light road, heavy-duty road, maritime, aviation,…

2. Phasing-out of Advanced Biofuels is going to occur? …What about GHG savings under Paris
Agreement?

- Some EU countries announced that only zero emissions vehicles can be sold after 2030

3. What will be the role of BIOENERGY in the transportation sector after 2030/2050?
Hip. A – Bioenergy (advanced biofuels) becomes not significant in 2050
Hip. B – Advanced (Bio)Fuels still play the major role in 2050

4. Can we forecast that BIOENERGY has only future for Power and H&C?
- Since biomass-fueled power plant is a dispatchable energy can play a significative role in all

forms of energy systems (e.g., electrical grids stabilization), and also for e-mobility vehicles.
- e.g. BEV, PHV

E-mobility shall be the clean RE in 2030/2050?



Report Roland Berger (2016) – GHG Removal versus Cost Efficency



Report Roland Berger (2016) – Passengers cars



Report Roland Berger (2016) – Medium & heavy-duty vehicles


