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Bioeconomy in France: a reality

‘ \\ . . .
France is actively engaged on the universal agreement
PARIS2015 about climate changes and find a sustainable use of
S8 L G kT bioressources in the production of food, added-value

COP21-CMP11

molecules, materials and energy.

UNE.STRATEGIE
BIOECONOMIE (et
POUR LA FRANCE

An opportunity for the economy by:

* Strengthening its food sector

* Independence in fossil resources
(equilibrating the balance of trade)
— - * Creating added-value

__ %L '\ MNTT J/ * Developing the rural territories
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34 Biorefineries in Europe

1 3 Biorefineries in France

France is an European Leader
together with Germany, Netherlands and UK

Biorefinery Pomacle-Bazancourt



Production de bioressources ' Valorisation
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Bioressources and Valorisation

4 main feedstocks for chemicals

3 Agro-Food Industries: Starch, Sugars and Qilseed

1 Forest and Wood Industries: Lienocellulosic Biomass



Feedstocks For Chemicals

Starch Sugars Oilseed Lignocellulosic




Starch

French Experience




Feedstock: Starch

Wheat Corn Potatoes
(60% starch) 0
(65% starch) (80% starch)
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Feedstock: Starch

Starch Industries in France:

o 1%t Producer in Europe
Cargil From Corn
Location: Haubourdin

2"d producer in Europe

From Wheat and Corn
Location: Beinheim and Lestrem

ROQUETTE

Pay 3d Producer in Europe
From Wheat and Corn

Tereos Location: Marckolsheim and Nesle

From Wheat
Location: Bazancourt

7)) Chamtor
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Starch molecule
= thousands of
linked glucose
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INative starch — Drying molecules

[ |
Modificati
odification Hydrolysis

+——+——Enzymes

Blotechnology

Hydro enation

h—

Native starch

Co-products
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Fermentation products =l
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Polyols

Liquid sugars

Dry sugars

Processing nature’s products...
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Sorbitol: a building block (Chemical Route)
G '—# < o The BioHub® Program

\ £+ Sidel DSM (S
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° Institut des Molécules et de la Matiére Condensée de Lille (IMMCL)
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To create new
value chains
through industrial
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CH, OH — (CHOH), - C
(glucose) =

. (o]
Hydrogenation

CH; OH = (CHOH), = CH,OH
(sorbitol)

Isosorbide Isosorbide
Derivatives for polymers

o Cofn stamﬁ (“ati\fe v’"."-i ige

« Wheat starch (natlve and modifi éd).

«-Sagars {liquid and- dry)u o Piocl)
. Polyols

COOH — (CH,), — COOH

OH Diacids or other chemicals

Fatty Acids

Q,
N
C—Q o.

C
d “ y Polyesters
PEIT
(0] //0 [} Polyurethanes
o—C

Isosorbide Di-Esters \R Di Methyl Isosorbide

Polycarbonates

« PVC plasticisers « sustainable co-solvent and fluxing Others polymers

Personal & Oral care» agent»

Substitute phtalates

Head, off' ice of the
grotip and main
production site




Bio-Succinic Acid: Glucose Fermentation Route

I_ BV E r d | a G -Bio-Sucinnic Acid As Monomer for Renewable Materials/Products
e ROQUETTE

—
D S M starch m SINEBSEhy drogenation SSBEBIEEN dehydration JSSSSEBINS

'-'ll- —-——
BRIGHT SCIENCE,BRIGHTER LVING. PolySuccinic-lsosorbide

2010, NL
starch glucose Su:‘t::llcl;lc
H
Glucose CH, OH — (CHOH), - C
~ PolyButylene-Succinate
o starchm - |Fermentation succi:"chvdmgenalion butanediol 7 ty
co, —*» Fermentation o

| Succinic Acid |

Succinic Derivatives T Succinic Acid for polymers GO, nauiral produst syols
Bio-renewable
> Joint development with DSM e o Renewable Feedstock (D19) proczssss perform_ance
orBDO, ... materials
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HO

BDO (1,4 Butanediol) \/\/\OH Green Polyesters like PIS
2 (Polyisosorbide succinate)

THF (Tetrahydrofuran) < >

& o PBS (Polybutylene succinate)

GBL w
(GammaButyrolactone)

Succinate esters

Polyisosorbide succinate

N

PIS from isosorbide and O\_(CHZE_{
succinic acid (both from o
starch) .




Bio-Succinic Acid: Glucose Fermentation Route

PORTFOLIO e DEMO PLANT
50 / 50 Worldwide JV

PROVIDES IP " PROVIDES €21M
€p.one. _{ Bic amber J<— ar dﬂ 2008 (2000 tons/year)

2015 (30 000 tons/year)

of succinic acid based on glucose from agricultural
sugars, principally derived from southern Ontario’s
agricultural community (Canada)




Bio-lsobutene: Glucose Fermentation

)\ GLOB AL BIOENERGIES Fev. 2017 First batch production

Genetically engineered Undescribed
microorganism enzymatic reactions
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Glucose Butyl rubber ‘
Saccharose I Gasoline
1.0Mt  $2.0bn Existing (additive)
/ 12.5Mt $15.0bn
Breakthrough technology by Combination of proven P mion and == Potential (fuel)
direct fermentation to a gas petrochemical modules Sk BTG 1000Mt _$1000bn
- No product-associated toxicity - High performance
Organic glass ? 3
- Pre-purification by product - Simple design Jet fuel
volatilization 0.4Mt  $0.8bn [ ' Existing
Isobutene , ),. . 0.0Mt $0.0bn
Paints : Potential
120Mt  $120bn
0.3Mt  $0.8bn




Wheat Bran for Cosmetics

Industrial

Biotechnology
Fine Chemistry

= Di-Hydroxy-Acetone

= Biopolymers incl.
Hyaluronic Acid
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Microbiology Lab Scale Pilot Scale Demonstration
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Molecular 21, 51, 201, 120I, 5m?3, 10m3, 2000 tons

biology 4501 Fermenters 40m? and 80m? capacity plant
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Bio-based 3-HP (precursor of acrylic acid)

|

) ,» Sugars s
2 0 0 8 ca/@” ’ n OVOZY m QSX t Biohydrocarbon

PEP — Ethanol
"D\A/f‘" s
+ 20 1 2 — Pyruvate — ' | actic acid
' = Glycerol
11 -BASF : T
- 20 1 5 We create chemistry | Acetyl-CoA —— Biohydrocarbon
1 -+ Ethanol
3-HP ot
Oxaloacetate =+ 3-HP

; o on HO. -~ __OH \/0\/\r°\/
{\/\ﬂr . 1,3-propanediol ¢ 20 1 3
S T hydmgenaﬁon/ EEP Production of 3-HP in pilot scale

poly(hydroxypropionate)

o~ Spdrosproponicasd | September 2014

o S Successful conversion of 3-HP to glacial
ehydration o] . .
Y acrylamide acrylic acid and superabsorbent polymers.

5 o cn, /W OH

o The Story of Sorona®
malonic acid
acrylic acid 'b
Source : Cargill - DC. Cameron % %\ (/ Q
)}
. . Harvest > Ferment sugar » Add TPAto > Fibers and » Apparel and
Commercial production from Glucose e T REE e W e

(Genencor Technology) DuPont —Tate & Lyle (in USA) AR IR PR
Applications: Fibers (Sorona) and packaging _ DuPont Biomax PTT1100
(Biomax, Polytrimethylene Terephthalate)

=




Sugarbeet

French Experience




Feedstock: Sugarbeet

World

HEU
m USA
W Russia
Sugarbeet . k=
(18% saccharose, 70% water) m Others

Evolution de la production mondiale de sucre brut Total: 228 million ton
180000 = 2 i — Source: FAO in 2008
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Source : CEDUS — Mémo statistique, mise en forme de données F.O. Licht.




Semences, ean, engrais,

FILIERE e
Feedstock: Sugarbeet BETTERAVE

Betterave a sucre Feuilles > ':g:ﬁ:e?
et collets | ausol
. . | Acide ! Acide
Sugar Industries in France: Racines e e
("cossettes”) 4
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Support de
l fermentation
Sucreries Pulpes /
9 Nz

humides
Tereos

Alimentation
surpressées animale
Fertilisation

déshydratées Fee -
agricole % ' . ~~a| Ciments
Bioethanol

. composites
v ~
~
Source
Egouts -

pauvres

- — ‘/
CRlST@'ON Distilleries

— | Mélasses

Fermentation \
Distillation \ Alimentation Edulcorants,
animale substituts de
- Vinasses graisse,
Déshyaratation + ¢
Diététi
Jeretique Suero-
eslers
SAINT LOUIS SUCRE *
h 4 F"ﬁ*’_g@ Sucro-
saccharides o
Fertilisation glycéndes
agricole ¢ 4‘
Fermentations - -
Betai . 5 Diététique Tens:::cﬁfs :
. ine evures de i 3
Transformation ou non A boulangerie m:;-ﬁ;r:eez Cosméﬂqu_.re,
en ETBE Pharmacie,
+ Détergents
Acide v
glutamique N - -
Esters Ciments et bétons, Fonderie, Tabac,
éthyliques Adhésifs, Cuir, Polyuréthanes...
y T " / Acide
e 20 H CH-0OH Spiritueux, “| Alimentation citriaue
Parfumerie, 1 animale, \
O 2% Chimie, A | v Pharmacie v 2
Produit plateforme Pharmacie, Filigres 1AA,
OH HO Vinaigre carburants » Divers
MPG X
OH 0] CH30OH  Futures plateformes |:| P
Lactates Acrylates
OH a
OH Polyméres - biomatériaux déthyle
[ ] :

Solvants,
ete.




Valorisation of sugarbeet coproducts: Beet Pulp

1 ton of beet = 500 kg of pulp

Gthers Applications: \
\ / GROUPpPe
Givaudan® Galacturonic acid from E})}}{({. SOUffIEt |
(4 pectines A NOus valorisSONns les potentiels pe |a terre

NSOHLIAI/NCE Substrate for

COOH enzymes production

0 O
OH
OH

\ OH Tensioactives alkylgalacturonate/




Valorisation of sugarbeet coproducts: Molasses

( Main Applications: ‘ \

Fermentation Substrate

(" R&D h
Amino acids : L-lysine
74 Organic Acids:
LESAFFRE \ Lactic acid, , citric, itaconic, propionic )

In France, 750 000 t of molasses are used to produce yeast



Opportunities ?

No significant projects for the production of molecules for chemistry

)

*Too small sector in France

*Mostly used for the bioethanol production

Opportunity ?

\ HDPE

15%  Ethylene oxide Ethylene glycol

PET

Substrate for chemical Intermediates production

10% Ethylene dichloride Vinyl chloride

PVC

6% Ethylbenzene Styrene

Ethanol as building block (ethylene)? Huge impact
in polymer chemistry!

Surfactants

4%

61% Polyethylene / LLDPE
Ethylene

a-Olefins




Oilseed

French Experience




& Dunkerque

- SOFIPROTEOL
Dieppe li“

Grand-
keHavre § i“ C;:nronne - '

Br . Verdun
al timay

® Pontivy Le Mériot
® Chéiteau Gontier

Montoir | “JI
o

St Nazaire

." Chalandray

ﬁ“ Trituration » ill-apalisse
=

Lezoux

@ Raffinageet/ou

conditionr e "—l’
huiles végetales Bosilan

Estérification

Prétraitement Séte l Vit;olles 2
raisses a”l”'li_ll'_'_ - 'I )
gre S ] Sources: EarthTrends Environmental
Bram

h U!]E S usagees Information Portal, World Resources Institute, 7
2007 (using Worldwatch 2006; US Department /
of Energy, 2006); REN21, Renewables 2006

global status report, Worldwatch Institute; F. O. © Ethanol
Licht world ethanol & biofuels report 2005. ) Biodiesel

France is the 2" producer in Europe

Glycerol as the main coproduct

Qil

2 millions tons biodiesel = 200 000 tons glycerol

Transesterification




Glycerol as building block

asking more from chemistry®

; o~ ,5 SOLVAY 2007 First industrial unit = "
L in Tavaux, Jura, France | - -
G IV%@I’DI ketals O O

R R, °><§ EPICER( L (10 000 ton/year)

2

< R SUSTAINABILITY BEGINS AT THE SOURCE . . . — Pl (= e _. l.-‘:"
R E 4 s CO+H, o Chemical intermediate for the . =~ .- )
Glygersl menly o;\o w syngas cl production of epoxy resines
Epichlorhydrin
. 2
- halogenation

RCOO

acetalization reforming
>_/ \ Rcoof o Malasia, 100 000 t/y
cstcrific ation
MPG

s B "~ China, 100 000 t/y

v Y — MAG
MET "f’ HOJ_/ i

» . A oxidation M
EX SK chemicals f"'f“"iy \ o) OH HO COOH
dehydration _>_/ —>_/
2014 sells the license to HO
{-BUO Ot-Bu < Dihydroxyacetone Glyeeric Acid >
J—/ HO COOH  HO CHO
2017 Expected a first Bu0 g
. . . GTBE HOOC HO
|nd UStrIal Unlt (?) Tartronic Acid Glyceraldehyde
" ARKEMA .
TEXEROL 1,3- propanediol, a key building block " 1 1
for the production of PTT 2015 First industrial unit at Carling (France) P
(polytrimethylene terephthalate), a . . o . . .
specialty polyester used in fibres Including acrolein oxidation for acrylic acid production

applications (textiles, carpets) but also in ==
engineering plastics.

20 1 2 Research & Scale-up

Enseignements et
Recherches Technologiques

g Picardie Innovations Végétales,




Lignocellulosic Biomass

French Experience




Feedstock: Lignocellulosic Biomass

Wood Cereals and Wheat Straw and bran

Pine Eucalyptus

[ France is 4t european country with a higher forest surface]

Plants

Miscanthus Switchgrass

Fibers used in Composites RILSAN

=7 ARKEMA



Feedstock: Lignocellulosic Biomass
Wood

STOR A ENSO
Corbehem
‘ Pate mécanique ou mi-chimigue, 10 000 & 50 coot/an
UPM-KYMMENE @ Pate mécanigue ou mi-chimigue, 50 ooo d 100 ooo tfan
L dll STRACEL S5.A.
ALIZAY 5.A. . Pate mécanigue ou mi-chimique, 100 000 3 250 000 t/an
NORSKESKOG
GOLBEY S5.A.
Pate au sulfate, 100 000 & 250 ooo t/an
‘ Pate au sulfate, » z50 oo t/an
o
INTERMATIONAL PAPER S.A. ‘ Pite au sulfite, 100 000 a 250 00O tfan
o, Usine de Saillat
5}
CASCADES
LA ROCHETTE
A!-'II‘.I.I!FIT CELLULOSE DU PN
TEMBEC
PAPETERIES DE GASCOGNE ij TARTAS 5.A. TARASCOM S.A.
TEMBEC
ST GAUDENS
SA.

FOCUS

Tembec a Tartas : la métamorphose
d’une usine de pate de cellulose
en bioraffinerie ligno-cellulosique



Ethanol from black liquor

Feedstock: Lignocellulosic Biomass : i

Lignosulfonates Cellulose esters

precursor of vanillin

polymers soluble in
water, adjust the viscosity

Terpenes
essential oils

Tall oil ’

Innovation ?

o-Cellulose to pharmaceutical, cosmetic and food applications (Tembec)
Tannins from black liquor for production of green adhesifs (R&D)

OPPORTUNITY: Chemistry based in lignin (R&D) [ satmiin

CHOMW —Ethérification

bisphenol A ™ Estérification

nitrophenols -
L0, o (
LI o4 N/@ w o Substitution ~ OCH, — Déméthylation
cyclohexar -NO,, - Cl,
T\ on \ # B i O B I X - Br, CH,0H s
enols
cyciohexanone OH Ethérification
- / S /@ CHAIRE ( N L) Estérification
= k ‘/ HN NH, &
Yoro

Biotechnologies

pgmet s, dies, resol resins, anitoxidatnts,urea resins, s 2 roParidTech
formaldehyde resins, alkyl phosphites and others Industrielles




Wheat Bran and straw for Green Surfactants

’ Green Surfactants (Alkyl-Poly-Pentosides)

ialitv Chemi
wheatoleo Speciality Chemistry

i RS TO MATURE

LINNOVATION VERTE

a natural chemistry

- Radia®-EasySurf: a new generation sugar based surfactants
Py . - " - A marriage of green resources
(- < J \J \
- ' \Il\/ Emulsifier
o/
v\.).f) e \)\/ ) \@ Wheat > Pentoses: > Hydrophilic fa
) "k_)’ \') - . Bran Xylose + head Ry Q
Y \—JJ and Straw Arabinose HO O—(CHa)—CHa
*-‘-ﬂ) ) u 5 \ OH/m'
Vegetable F Cetearyl Lipophilic
oil ’ alcohol ] > tail
\ / Alkyl Poly
v Pentosides

-4 Free fatty alcohols
<53%




Bioeconomy Strategy

UNE STRATEGIE
BIOECONOMIE
POUR LA FRANCE

French Experience




* State-of-art of the bioeconomy

* |dentification of the players, examples
of innovations and industrial ecosystems

* Define a action plan for:

1. Making the biosourced products a
reality in the market

2. Follow the transition through a
biosourced innovating and
sustainable industry

3. Produce in a sustainable way the
bioressources needed to all the
value chain

4. Assure a sustainable bioeconomy

5. Assure the dialogue between the
society and the shared bioeconomy

6. Innovate through an efficient
bioeconomy

BIO
FRANCE

* Support R&D in new applications of biomass (white
biotechnologies and physical-chemical processes) to
produce building blocks and materials.
* Support the innovations to allow the
commercialization of biosourced products: polyols,
polyester resins used in composites, lubricants,
surfactants, packaging...
* Assure the sustainability and the sanitary security
(Normalization, European working group CEN TC411)
to help the competition in the market
* Creation of a database
to know better the
——— biosourced products,
_— 2.;;;;{75 i advantages to all

= s 2 consumers
o O
el ' + Favorize the
mUN 38

:-ai-ffm & = . acquisition of

mhﬁy' biosoqrc?d products

establishing fiscal
w‘\’)l tDﬂWﬁ:‘ benefits, legislation and

; norms
http://www.agrobiobase.com/




Conclusions

0 EEEESSSSS——————e—se——— - = = —am== - - s aamsssene S e
France is an active player in the bioeconomy

In the national panorama, biomass producers are associated to big chemical groups to
produce biosourced building blocks

The white biotechnologies seems to be the conversion technology most used probably
due to the new developments in the metabolic engineering and more efficient DSP. Even
producing building blocks in one step, the high development costs and implementation
schedule are still important (8-10 years).

The chemical processes will still be used to produce chemical from biomass or associated
to biotech.

The French chemical industry is one of the most important in the world and the
biotechnology is very developed. The consumers are one of the most exigent in terms of
sustainability and there are a huge demand in biosourced products. But it is asymptomatic:
technological development in France and big industrial units abroad! Biomass too
expensive? Weak Economy ? Missing political engagement?

N TS






Biorefinery Pomacle-Bazancourt
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pre-design phase experimental phase ! pre-industrialisation phase

-d
&
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)

Actual system completed
and qualified through test
and demonstration
Actual system proven
through successful mission
operations

industrialisation phase

Full Co-products and Waste Integration

- - Fertilization

Conda vmer/’/’_’ Process water recovery tank

Process water recovery tank | (leftover in tanks)
4.5% Process water

treatment tank

h Cristal Union




Downstream Laboratory
Chaire Agro-Biotechnologies Industrielles Technology Hall: 400 m
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