: {“r ‘ wilw eurobloref org

ure

Concepcion, Chile, November 23-25 2015
Coordinator: Prof. Franck Dumeignil (UCCS)
Speaker: Prof. Franck Dumeignil (UCCS)

A European Project supported within the Seventh Framework Programme for Research and Technological Development -
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7 FP Call

Call of the 7" Framework Programme :
COLLABORATIVE PROGRAMME

Joint Programme FP7-2009-BIOREFINERY-CP

e Nanosciences, Nanotechnologies, Materials and new Production Technologies
e Energy

e Food, Agriculture and Fisheries, and Biotechnology

e Environment (including Climate Change)

Confidential 2
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Establishment of a Network of Projects

4 years 2 years
5 . a9 o X
o @urobioref cpblocore suprablo yaar-cousm_
J innovative bio solutions —
Franck Dumeignil Mickaél O’Donohue Ashok K Bhattacharya Johan Elvnert

L ONDON

¢
. @ ics | o Sl

http://eurobioref.org/ www.biocore-europe.org www.suprabio.eu www.star-colibri.eu
374 ME [ 203 M€ 19 M€ 2.4 M€
B 23 me B 14 Ve B 12,5 M€ B 2me
29 Partners 24 Partners 17 Partners 12 Partners
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EuroBioRef

A .
o aUrobioref

An Integrated European BioRefineries Network

1t March 2010 — 28" February 2014

Duration: 4 years
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A Large-Scale Project...

29 Partners

e 15 Nations = T— | Ry L o >N

e 38 ME€ of Global Budget, 23 M€ of EC grant

e 10 Sub-Projects, 35 Work Packages, 153 Tasks | sp

(we | [
Tasks Tasks Tasks

e 59 Milestones

e 214 EC Deliverables
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...Involving a Wide Consortium

s \
DANISH Y
> T:guuo_:.omcu [ ESA Borregaard SlNTEF]
INSTITUTE
o —
HALDOR ToRsoE M
GATALYRING ‘YoUR BUsiNES NYKOMB
%] a SYNERGETICS
( ) novozygt‘lﬁf;omorrow ( //N " )
***** \ k/%BIOSVSTEMS il TUHH
. @ Feunnt ENGINEERING
gxur!(!fltﬁz%s *** *** technische universitat
\ dortmund
7 A
r \ RWTHAACHEN /
Impgrial College " RZESZOW
London
~ / ' MERCK
' \ l
0e
“BKW
L biogasexcellence
% (
' :
uccs : R -
. Ny oPraxum
2, o008 % }
° IRCELYON

Alma® | =
emw | 5| (k=L [($o @)

R_C_C HCHEMICAL REACTIVITY and CATALYSIS CERTH
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Next Generation Biorefinery: Principle

EUROpean Multilevel Integrated BIOREFinery Design
for Sustainable Biomass Processing

SPECIFIC
BIOMASS

FEEDSTOCK

Bio-fuels
/\

Others 1

=

Low
Added
Value

Product

Chemicals

}

Bio Aviation fue

>

f

Polymers

High Added
Value Multi
Products

EuroBioRef will bridge the gap between agriculture and chemical industry by

integrating the whole biomass chain in a Multi-feedstock (non-edible), Multi-process

(chemical, biochemical, thermochemical), Multi-products (aviation fuels and chemicals)

commercially viable and adaptable approach for a sustainable bio-economy in Europe.
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Next Generation Biorefinery: Objectives

Biodiversity
Produce and use a high diversity of sustainable
biomasses adapted for European regions

High Energy Aviation Fuel
High specific energy bio-jetfuel (42 MJ/kg)

Produce Multiple Products (reaching TRL > 5)
(Chemicals, polymers, materials) in a flexible
and optimised way...

Improve cost efficiency by 30%
through improved reaction conditions and
separation effectiveness, improved plant and
feedstock flexibility, reduction in production
time and logistics

Reduce energy consumption by 30%

Product zero wastes
and rationalize the use of raw materials

Reduce time to Market (month)

Confidential 8



Next Generation Biorefinery: Concept

|

Flexibility, Adaptability and Multidimensional Integration
of the EuroBioRef Project

MULTI BIOMASS
v
Pretreatment

@ @Uro

¥

Variety of

Pretreated Biomass

Cellulosic and
Hemi-cellulosic
Residual
Materials

Sustainable
Non-edible Qils

J

\

Lignin, Solid
Residues

J

bioref

MULTI PROCESS
- . Advanced Integrated
Original Innovative
. . . Thermo- Modular
Biochemical Catalytic : .
. . Chemical and Flexible
Conversion Conversion .
1| Conversion 4 Process
Processes Processes .
Processes Design

y

y

y

y

.

Value Bioproducts

Integrated Demonstration of Building Blocks of High Added

Integrated
Modular
Bio-Refinery
Pilot Plants

Scenarios for
Biorefinery
Concepts
under
Specific
Regional
Conditions
—————
Contribution
to New
Process and
Biomass
Product
| Standards

J

v

Confidential 9

High Added Value Chemicals, Polymers and Aviation Fuels, with Optimised Costs and Zero Waste Required by the Market )
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Target Products

( BIOMASS SELECTION )
Li llulosi Non-Edible QOil
Igg(i)gr%ausgsm l l " Crolpse |
BIOMASS FRACTIONATION ) [ OIL EXTRACTION AND TREATMENT

l l Co-products l l
Cellulose/ Lignin Residues Oils
Hemicellulose

‘ GlyclerOI ) (Fatty;cidsJ
“HO

» Ethanol < Butylacrylate * Acetals * Fatty

« Butanol < Acetals Power « Higher alcohols « Glycerol nitriles
«Diols  «Alkanes « CH,SH carbonate : ﬁnﬁfl‘g
“H, - Higher « CH,SCH, * Monomers - Diacics
« Alkyl-THF ~ alcools

3HPA  * Maleic « Alkanes

anhydride
SUSTAINABLE MARKETS
[ CHEMICALS ] [ AVIATION BIOFUELS ] [ POLYMERS ]
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Project structure

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale
= >

SP2: Biomass feedstock
SP3: Biomass pre-treatment
SP4: Biochemistry, Separations

Demo scale

<=

SP7: Process BIN{5pg: Industrial

design &
Demos

up-scaling

SP5: Chemistry
SP6: Thermochemistry

2
v
©
)
o
QI
?
®
0
o
=
o
gl
0
4
r
O
>

SP1: General strategy framework

SP11: Management
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Configuration of the project
Work by technical/scientific field Integration (Value Chains)

SP10: Exploitation, dissemination, communication, standardisation, training See bOOkIet

¥

2 years e 2

SP2: Biomass feedstock

SP3: Biomass pre-treatment
SP7: Process . .
SP4: Biochemistry, Separations . design & SIZB._Isncc;lilisntrlal
Demos P 9
SP5: Chemistry
SP6: Thermochemistry

SP11: Management

V9 ‘S21W0U029-01908 :6dS

o & i
/ A f’— ""J)/"' - \
B )
/ I'; D A
;u_5u1¢k, A
= \ ’f \\

'SP1: General strategy framework
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Some results of SP1

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment
SP7: Process

SP4: Biochemistry, Separations » design &

SP5: Chemistry
SP6: Thermochemistry

SP11: Management

Demo scale

SP8: Industrial
up-scaling

Demos

VI ‘SOIWoU099-01908 :6dS
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A chemicals-driven biorefinery

EuroBioRef biorefineries are chemicals/materials-driven:

- Best part of the crops: High value chemicals and products
- Residues: Production of energy

This is a rethinking of commonly admitted biorefineries concepts that are
strongly biofuels-driven.

Biomass

Confidential
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6 Value Chains

6 value chains corresponding to 6 different scenarios of biorefineries integrating
results and concepts developed in EuroBioRef have been designed and
multidimensionaly assessed, to realize demonstrations of the developed technologies,
but also to assess scenarios of industrial exploitation.

Value Chain 1: Castor oil to polymers
Value Chain 2: Crambe/safflower oils to polymers

Value Chain 3: Alcohols to fuels (ATF)

Value Chain 4: Lignocellulosics to acrylates

Value Chain 5: Syngas-based products

Value Chain 6: Integrated productions in existing assets

Confidential 15
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Expected turnover

Turnover @ Year 2017 (M€)

1000

Exploitation of the Results @ Year 2017

(each color correspond to a partner) - M48

100

-
o

—
Il

o
-

0.01

o
® &

o
O

Size of Balls represents|

the tof

0.001

tal 4 years budget]
ARKEMA

Probability of Success (Medium <--> High)
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Some results of SP2

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment
SP7: Process

SP4: Biochemistry, Separations » design &

Demos
SP5: Chemistry
SP6: Thermochemistry

-~ sP11:Management Management

Confidential

Demo scale

SP8: Industrial

)
T
<
7
o
O,
<
D
0
: o
up-scaling =
3,
0
o
=
O
>

SP1: General strategy framework




Fields trials in Greece, Poland & Madagascar

Oleaginous plants Lignocellulosics
Crambe Cardoon

Glant reed

Sl

Sw1tcra

o
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| urobioref
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")

[ oo emsemney |

H

) Cram'bé. o

Willow

ana anan o

Castor seeds
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Logistics

Development comprehensive tool for optimizing biomass logistics

15 (or more) handling elements in each supply chain
250 data sheets

DANISH
TECHNOLOGICAL

: INSTITUTE

Real tests

Willow harvesting

Pile of willow in front of
the BALI™ demo plant

DAN "y

> TECHNOLOGICAL

[\
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Some results of SP3

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment
SP7: Process

SP4: Biochemistry, Separations » design &

Demos
SP5: Chemistry
SP6: Thermochemistry

-~ sP11:Management Management

Confidential

Demo scale

SP8: Industrial

)
T
<
7
o
O,
<
D
0
: o
up-scaling =
3,
0
o
=
O
>

SP1: General strategy framework




Lignocellulosics fractionation: BALI™ process (1)

SOLID
(Cellulose and
Hemicellulose)

ETHANOL or
other
CHEMICALS

HEXOSES &
PENTOSES

Enzymatic

hydrolysis Fermentation

LIGNO-

Pretreat-
ment

CELLULOSE )
LIGNIN
LIQUID —
(Lignin and Processing
Hemicellulose) m
other B
é: | orregaard
CHEMICALS g
Steam explosion BALI™acid Steam explosion BALI™ neutral
pretreatment Bagasse pretreatment

Solid fraction Cellulosd A Eellkse
olid iraction Solid fraction Solid fraction
Hemicellulose / Hemicellulose /
Liquid fraction - .
Liquid fraction Liquid fraction l- Liquid fraction
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Lignocellulosics fractionation: BALI™ process (2)

High glucose yield:

- Bagasse (benchmark)
- Miscanthus

- Giant Reed

- Switchgrass

- Willow

High quality lignin:

- Bagasse (benchmark)

- Willow

- Spruce
e S ' - B/ BN | Target to be the
1ftok¥5]ktipericay NI full scale by 2017

v
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Oil extraction/refining

Enzymatic hydrolysis

New process for castor oil:

Hydrolysis rate > 95%

No by-product

Distillation yield increased by 5%
70% reduction of water

Full recycling of hydrolysis water

Substantial reduction of energy
consumption

Eattyjacidsy
esters;

(JJOVANCE]

: Ole'aginolu‘s L
 plants

Extraction

Splitting

Crushing of jatropha and castor:

Fatty acids profiles very close to
the commercial ones

Refining of lunaria, castor and
crambe oils:

Distribution in fatty acids in the
expected range for the
corresponding commercial oils

Saponification of lunaria and
crambe oils:

Distillation to isolate EISEET]

Confidential
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Some results of SP4

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment

Demo scale

SP7: Process : _
» design & SP8: Industrial
Demos

SP4: Biochemistry, Separations

SP5: Chemistry

up-scaling

v
"
<
»
o
QI
Q
@
0
o)
=
o
=4
0
L
=
O
>

SP6: Thermochemistry
-~ sP11:Management Management

Confidential
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n-Butanol, 1,3-propanediol and biogas production

Lignoce.llulosics Oleaginolus plants

| Miniplant
- . _TUHH_
o JQ BK W
fii biogasexcellence
il ;’LA' r Te:hmxIﬂgﬁﬂ'ﬂamm&
Biogas

400 L/kg oTS
(castor cake)

Patent filed

| Consorm N . N B
Q. ;Immwmmvmmwms g 1 , 3.p ro pa ned io I | 4 & < ,,(h",,:!:ng,!,:lm,!:!m,g

60 g/L (under unsterile ; ‘ ! |
BHClostridiumpy conditions!) g Gas S T
pastqu)anum v 5 AIL) o+ B
| ‘&DSMZ 5251 A novoz mes)%} 3 I
\\. % ; yRe‘hi““°m°"°W L @f | technische universitat
t | L k d tmund

n-butanol

S -l

,fi .
/ Downstream processmg

% (separa tions)
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Some results of SP5

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment

Demo scale

SP4: Biochemistry, Separations

SP5: Chemistry
SP6: Thermochemistry
-~ sP11:Management Management

Confidential

SP1: General strategy framework
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Catalytic transformations

'-.. O °o® ; .
* e ) ﬂn EsﬁChlmlques | Consortum ARKEMA
UCCS IRCELYON ~~ + de Rennes= R ¢ ¢ | yeicu REACTIVITY and ATALYSIS (— \
e Metathesis _ High value
[ o oo \ Dehydration monomers
Iomass selection

High TON with

(nitriles, esters)

castor, crambe, safflower,

Qillow, giant reed, miscanthty

New nitrile substrates
achieved

\

HALDOR TOPSOE

CATALYSING YOUN BUBIMESS

Uni do Porto
Faculdade de Engenharia

FEUP

Guerbet parallel equipment (4 reactors)

functionalized substrates

Oxidative Cleavage

T'] Arkema’

New catalyst for 3HPA
with 100% yield

Guerbet

New parallel equipm
designed

with new technology
_‘5 DANISH
SYNERGETICS P S Locicar (VC3)
4 INSTITUTE N V)

\ 4

\ Acrylics, Polyamides /

: C\viation & I
= ,| Road Fuel B

Dedicated value chain

v
TS T

RZE. ‘ZON

< 30 patent applications filed

& 9 demos selected
and achieved in SP8

& Key technologies involved
in 4 value chains /

Confidential

28



|orzf

Some results of SP6

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment

SP4: Biochemistry, Separations

Demo scale

SP5: Chemistry
SP6: Thermochemistry

SP1: General strategy framework
VO ‘S21LOU0929-0190S :6dS

-~ sP11:Management Management
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Thermochemical treatment of biorefinery residues

Gasification Activated carbons production

o (F < & ; ¥ L Py
103 blomasses\:;‘\\a%s%sfd\ 0¥ blomassgs a§s“‘és§\ed
53 prsmaIIy actlvated
i. sam I‘és\..\ L t?f“‘ 8
j:}gQ *gfz Ly ‘\:fk?
%110 chemlcally,actlvated B

- At 4
samples o P
ARKEMA ' e

_ Upto1900 m2} g-W
N K

-
g@pjuccs
A NYKOMB f'

S YN E R GE Tl CS b CETNET ssﬂsém: &

Example offapplication: gas, ‘
cleaning ARKeMACECA

—
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Some results of SP7

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment

SP4: Biochemistry, Separations

Demo scale

SP5: Chemistry
SP6: Thermochemistry

SP1: General strategy framework
VO ‘S21LOU0929-0190S :6dS

-~ sP11:Management Management
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Conceptual process design and integration (+ demos)

Reaction parameter  Physical properties  Constraints P D C
Separation parameter «From partners Economic parameters
* From partners  Estimated (PDC) * From partners PFa. N

Feedstock

(biomass, - - Products
bio-based (chemicals, fuels)

intermediate)

—— Q _____________ D _____________ Q ____ .
I Process Investment & Scope for |
!Flowsheet Production Costs R&D | Feedback to partners

e Individual processes in SP4-SP6 are designed (total 13)
e 6 value chains (each consisting of a series of processes) were evaluated
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Some results of SP8

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment

SP4: Biochemistry, Separations

Demo scale

SP5: Chemistry
SP6: Thermochemistry

SP1: General strategy framework
VO ‘S21LOU0929-0190S :6dS

-~ sP11:Management Management
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Large test fields & primary refining

New large scale cultures established
um

,4|l|||§ KANE 7 2
:—|||'|||r CRESW I

Fractionation demo unit building Oil seeds processing
and operation ; _

1ftoli¥5lktiperdayil
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BIOTECHS & Chemistry

Borregaard

" n- butanol
1, 3 propanedlol

U
©'Arkema Batc-h rg

r-ﬁ—fi g
| \'\/ 0”0”6'”[/”
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- @AUroDioref L.

15 m3

Enginejexhaust Sample photographs of thejflame;stability,tests
emission]pi up; ‘ -y

-

%77
e e
fh. o

il |

3 N \) 4 Qa\‘- 3
e '. ! 7 7 - /r < >
Nedsuringjthe gngine @Setup for\t eitesting/of the &
exhaust’emission - combustion characteristics'
|

(\
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Some results of SP9

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment
SP7: Process

SP4: Biochemistry, Separations » design &

SP5: Chemistry
SP6: Thermochemistry

-~ sP11:Management Management

Confidential

Demo scale

SP8: Industrial
up-scaling

Demos

SP1: General strategy framework
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Assessment of legal framework for EU biorefineries

Biomass &

Legislation Standardisation, Complementary
Labelling & actions
Certification
wable Energy ——— «—RED Sustainability——— -

Renewable @tive, RED (2008)
Energy

Feedstocks

Conversion
processes

End-products
& markets

\

Common Agricultural
Policy

Waste Framework
Directive (2008)

EU Industrial Emissions
Directive (2010)

The REACH Directive
(2006)

Fuel Quality Directive
(2009)

requirements
CEN draft sustainability

—.standards for biomass

* Forest Stewardship

Council

 FLEGT

CEN product standards
ISO product standards
Eco-labelling

Biomass i

EIBI, SET-Plan, FP7,
Lead Mark itiative
Forest Action Plan

Emission Trading
System

Green Public
Procurement Policy
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(7]
e f
=
s | &
Q.
Climate
L Resources Ecosystem
change quality
* Non-renewable * Global warming * Human toxicity * Agquatic acidification + Water withdrawal
o  ESIHIES (carinogens and+ Aquatic ecotoxicity
*= + Mineral 9 :
= tracti lonizi diati * Aquatic
o extraction onizing radiation eutrophication
% * Respiratory effects | | | occupation
= « O depleti :
= Set of fz\gﬁ'robior@f zone depretion + Terrestrial
: = ) * Photochemical acidification/

harmonised s

midpoint o oxidation nutrification

indicators UbeOCOfe. » Terrestrial ecotoxicity

(ReCiPe) suprabio « Water turbined = )

Prabio Quantis

Sustainability counts
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LCA approach in EuroBioRef:

Approac

h

Step 1

Data provided
by partners

——

Biomass

* Qil crop field trials
» Crop rotation field trials

Logistics
» Supply chain modelling
Processing

* Chemistry

* Process design

* Process integration
+ Mass/energy balance

Step 2
|:> Model in LCA |:>
Web-tool
(Quantis SUITE 2.0)
v 01.04. Fertilizers 1x
v 01.04.01. Fertilizers as N 1x
W Urea 50 kg
urea, as N, at regional storehouse [kg] - RER (456)
B NPK (11-22-16), as N 13.75 kg
f h as N, at regional h [kg] - RER (48)
~ Quantis sue 2o %"L m.,.a-mﬂgu E...E u withdvr\ilae\‘ltv:
|ipmoouaon o b X, Oy

S10n7570887 kgim

7Quontis

Sustainability counts

Use of

resources
Peo-) Climate
B change
e Ecosystems
i quality

Human
health

Step 3

LCA results
Analysis
Interpretation

Assessment

Ref. PA6,6
1

T
-400% -350% -300% -250% -200% -150% -100% -50% 0% 50%  100%
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Cost modeling to assess future economic performance

l‘ l f il H ﬂ
| |

-—-—'F—?—{_—?--
| I | |

1. Describe the value i
chain !

2. |dentify costs and

revenues %
1

|||||||||
oS oo ococococoo

3. Quantify R BthEnd? pricd (D18 3
distributions

cenario comparisons

4. Calculate and

Vdm X0 8

analyse metrics

ccao Q
nowmo Q
MMNN

Build variations on
the base case: test
scenarios

Imperial College
London

Sensitivity analysis
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Some results of SP10

SP10: Exploitation, dissemination, communication, standardisation, training

Lab scale

SP2: Biomass feedstock
SP3: Biomass pre-treatment

SP4: Biochemistry, Separations

Demo scale

SP5: Chemistry
SP6: Thermochemistry

SP1: General strategy framework
VO ‘S21LOU0929-0190S :6dS

-~ sP11:Management Management
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Remarkable documents & videos

ichele Aresta, , Angela Dibenedetto,
Crar ck Dumelgml (Eds.)

R RCEINERIES English version
P35 downloadable here:

http://eurobioref.or

documents/
EuroBioRef English.vOB

On shelves from the On shelves from the

15% of August 2012! 15" of August 2015!
a—;‘*grobior@f sssssssssssssssssssssssssssssss AI macg
cg i ’ : .
Almq K Video of results
— I downloadable here:
http://
www.eurobioref.org/

Public Booklet
February 2014
-

index.php/eurobioref-
results
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Education & training

Setting of a European master
on biorefineries

Summer School
“The concept of Biorefinery
comes into operation”

C Interuniversity ™ % "
Consortium i

CHEMICAL REACTIVITY and CATALYSISS; centeg For Research & |
i y ‘ < "3 TECHNOLOGY HELLA

/European Master on\

Biorefineries

&
@ucc;s

+ 10* master courses...

+ Many other training actions...
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Key dissemination figures

e 300" communications in international congresses

e 33 patents

e 65* scientific papers
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Conclusion

EuroBioRef’s Achievements vs Objectives

Biodiversity
Produce and use a high diversity of sustainable
biomasses adapted for European regions

50% of the
High Energy Aviation Fuel s coops
High specific energy bio-jetfuel (42 MJ/kg) 2 &
Higher alcohols
Syngas )=

Produce Multiple Products (reaching TRL > 5)
(Chemicals, polymers, materials) in a flexible

and optimised way... Maleic Aminoacids, Diacids,
Anhydride = POMM, CR H,0, i
s 4 fivate
Improve cost efficiency by 30% PermSMBR iy eurnes, e ‘glecm .
through improved reaction conditions and o p
separation effectiveness, improved plant and : ‘
feedstock flexibility, reduction in production Butanol VC1bBest case
time and |Og| stics separation VS base case
Reduce energy consumption by 30% ‘ ‘
Batch to
continuous
Product zero wastes _ P
and rationalize the use of raw materials : .

Reduce time to Market (month)

9 12 18 24 36
‘e 000
00

Saﬁlower

..........

Almost all gasified
90%)

EuroBloRef jetfuel
Willow, Crambe

Fuel molecules

Castor seed :
Yield improvt . SRC Willow

S0, consumption
PermSMBR Oicrie
. ‘ Thermal
cleavage
g I|ogas
yngas ycerin
Useal ‘. ?rmentatlon
biomass .. cfVC1 &VC2

-
r. 72
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Common goal

EUROpean Multilevel Integrated BIOREFinery Design
for Sustainable Biomass Processing

DP-1: High Temp, O, blown Plant, Pitea, Sweden

ooooo

uuuuuu

nnnnnnnnn
aaaaaaaaaa

mmmmmmmmmmmmm

WWWWWWWW

wwwww

Common Goal: Producing Aviation Fuels
Blends as W@M as Chermcaﬂs
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