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Transforming non-edible biomass into high performance products to create new L,
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BIOOm

Challenge

Where do we stand?

4=
variability between models—

- I Catalytic upgarding
4 high growth (A2}

] emission moderate growth (AlB)

: scenarios |
2 -

] low growth (B1)

You are here

e e

Global Surface Warming ( C)

constant CO.

. . . . ' . . . . )
1900 2000 2100
Year

Fossil resources Modern life!

IPCC


http://www.ipcc.ch/

BIOOm

Challenge

B Cellulose

" | Hemicellulose B | O O m

PO 2N

BES
\\\v'v/rr Lignin . o © ® ® 0 0 0 0 0 o ) . . . .

I . . Deconstruction .‘ B 8 B Catalytic upgarding

AQA e ‘

ARRE : >
.AVAr \Avar \AvA. . . —— B 0.

¢ ° (75 ) &\ ' -4 )

: ATENTE @ ° OSSO S N D ED

o . ‘\"‘/’ “\V/’"‘V"/” W W

S patents

Shuai et al., Science, vol. 354, num. 6310, p. 329-333, 2016
Questell-Santiago et al., Nature Chemistry, 10, 12, 1222-1228, 2018
Amiri et al., Nature Protocols, 14, 921-954, 2019

Modern life!
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Biomass as a starting material BI°Om

Using Aldehyde Assisted Fractionation (AAF), Bloom can - for the first time - stabilise and/or functionalise natural polymers.

Biomass composition Today

250/ . .“v’v‘rh“;’;.x‘;’v‘r.

0 Cellulose .\',-\' \'/.
Lignin . N
20% Hemic.ellulose .S
- N

15% |

$$$

Chemical details in supplementary slides
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Biomass as a starting material BIOOm

Using Aldehyde Assisted Fractionation (AAF), Bloom can - for the first time - stabilise and/or functionalise natural polymers.

Biomass composition Today Tomorrow
0 Cellulose .\h\ \'/. .\/.\/.\'/.
0% | -
Lignin B .88 .
o o -e PV
20% Hemicellulose - . V'V v'{ :
15% A A A
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Chemical details in supplementary slides
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Allegory of the egg

Aldehyde Assisted Fractionation (AAF) can be compared to the fractionation of part of an egg, if done right.

Egg composition Today Tomorrow

Other
2% . Yolk
30%
Egg white Shell
60% — 8% =
Products ,
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Allegory of the egg

Aldehyde Assisted Fractionation (AAF) can be compared to the fractionation of part of an egg, if done right.

Egg composition Today Tomorrow

Other
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60% — 30/ -
id/
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Products enabled - selected list

Cellulose Hemicellulose Lignin

Textile fibbers Bioplastic (PET-like) Bunker fuels Cosmetics Fragrances
(13 B€) (22 B€) (>100 B€) (69 B€)

Global
Market @.\
PET

Customers

Partners

10



Roadmap Slrom

Licensing
Manufacturing

AL On ¢

R T 283

Technology

Proof of Concept Lab-scale Pilot Demo Commercial
ig kg 50t/y 10°000t/y 100°000t/y
2016 ‘ 2018 2020 ‘ 2022 2024 ‘ 2026
Pre-seed Technology licensing
2 €0.5M Seed Series B
s L R
F @ -
2 - Grant&Prize . Series A + grants
: 44% €3'9M — EqU|ty ’ +0° Breakthrough .: €30'55M

56% YOKOGAWA bg”’* Energy .
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Let’s join forces

BIOOm

Dr. Remy Buser
Co-founder & CEO

Route de ’Ancienne Papeterie 106
1723 Marly
Switzerland

o0
Bli ]

e

Klimastiftung
\\ Schweiz

SWISS

INNOVATION CHALLENGE

W vestbee

far beyond funding

-
VENTURE 33,
KICKeoo dp
- WA.DE VIGIER -
STIFTUNG Interreg - S
B DRIVING SUPPORT FOR START-UPS North-West Europe O
S€C1 f INNGVATION e ‘ o
1 -
=
D
. Companies for tomorrow .
ElaITr?ctﬁpad @U@ (0]

DQQ

© 1IVD

Climate-KIC REAL WORLD. REAL LEARNING

MC

MASSCHALLENGE
SWITZERLAND

FINALIST Climate-KIC
R Lo iy Biorizon /A\
=PFL == o /A hello
Innosuisse — Swiss Innovation Agenc = = to m o rrow
2016 2017 2018 2019 2020

1

1

1

CLEAN WATER
AND SANITATION

0 REDUCED
INEQUALITIES

A

(=)

zmmm

QO

3

LIFE
BELOW WATER
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Supplementary slides

Om
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BI©O
Team RAA ””

*Hired by either EPFL or HEIA 15 FTEs Serial entrepreneurs Scientific excellence Industry expertise

Management
Operations Strategy

Board Members

o . C
. C *¢”* Breakthrough 3 leaudcn
A
Givaudan DANONe

Prof. Jeremy Matthias Gaetan Sophie
Luterbacher Wahren Bonhomme Rouzeau

Dr. Florent
Héroguel

Process

Production
and scale-up

i
O

Chloé Vincent Lucien Romain Antoine Dr. Etienne Marie Ruoxing

Wegmann* Pilloud* Blanchard Aquoise Bourgeois Gatt Jones* Liao
Lignin products Biomaterials Cellulose products
Y/ » /= Y;
Products £ \l‘ /f/
development

!

Dr. Monique Dr. Ydna Christele Dr. Arpa Justine Dr. Philip  Maxime Thibault Mariella Gwendal
Figueirédo Questell Rayroud* Gosh* Charmillot Scholten Hedou* Rambert* Vieli Prigent



U nfa i r adva ntag e Shuai, Luterbacher et al., Science, 2016.

OMe
O\
B-O-4 linkage O/\'/©/ ;‘:‘
6
HOy 1 0
HO B 4 5 MeO
al O 3
A, Mmeo OMe o~©\
3 i :
MeO”™ 3
HO OH
O
f O OH
~ OH
O MeO
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; Q OMe
OH
OH

BI©Ons



Unfair advantage

B-O-4 linkage 0

OMe

O\éf HO

] ® _Lignin
THO T
MeO
O
% ; Lignin

OH e

OMe

OMe

OH
OH

Q OMe

Aromatic group

o/ ~OH
OH

Lignin
©
®
» MeO
oL .
Lignin

Shuai, Luterbacher et al., Science, 2016.

ngnln\O
MeO OH
_ Lignin 2'5%
Lignin —» | monomer | \{/
MeO Hydrogenolysis yield
O. >200°C,
Lignin

organic solvent
Condensed Lignin

BI©Ons



Unfair advantage

OMe

Aromatic group
o ©

OMe

o/ ~OH

OH
OMe

OH
OH

MeO

N, . .
Lignin e
® [ )
® ¢ 0060 0606 0 0 0 °

BIOOm

Shuai, Luterbacher et al., Science, 2016.
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|gn|n\O
MeO OH
_ Lignin 2'5%
Lignin —» | monomer | ¢/
MeO Hydrogenolysis
(@) >200°C,

N, - .
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Condensed Lignin

organic solvent
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Unfair advantage for applications

pubs.acs.org/Biomac

Aldehyde-Assisted Lignocellulose Fractionation Provides Unique
Lignin Oligomers for the Design of Tunable Polyurethane Bioresins

Richard Vendamme,™ Jean Behaghel de Bueren, Jaime Gracia-Vitoria, Florence Isnard,
Mikael Monga Mulunda, Pablo Ortiz, Mohan Wadekar, Karolien Vanbroekhoven, Chloé Wegmann,
Raymond Buser, Florent Heroguel, Jeremy S. Luterbacher, and Walter Eevers

I: I Read Online

# | Cite This: Biomacromolecules 2020, 21, 4135-4148

Young Modulus (N/mm2)

AH10PU
AH30PU
AH50PU
AHG60PU
AHB0PU
AH100PU
AH40PU
KH40PU

NCO
n
HDI trimer

PTHF650

Formulation
of Lignin PU
Thermosets

A H50PU

T rn T Q. :N. O

YY

OCN/\/\/\/N\H/N\/\/\/\NCO
(@)

Biorefining process: A=AAF; K=Kraft extracted

Lignin botanical origin: H=Hardwood; S=Softwood

Substitution ratio: weight% of lignin in the polyol mix

Crosslinked material with 0.9 molar NCO/OH ratio

10000 -
‘ KHE0PU
+b |-
S O AOJUFL
1000 { AS60PU ® AS40PU
3 &
64 & | ® AHEOCPU
dP
&4 O KH40PU
100 - (S O AH50PU
AH4OPUL ./
22¢ _® #60
2® _KH20PU +a
193 :%E:?L'ZTF";;/l © +e
RS 65 ¢
AH20PU @ 15¢ 9
1 —r—rrT r v T
2 20 200 2000

Elongation at break (%)

« Hard » Materials

« Super soft » Materials

« Elastomeric » Materials

« Hyperelastic » Materials

44

15
64
60
65
22

a

b

C

d

e

-

BIOOm

Lignin-based biopolymers from sci. literature
LPU with 20% non-fractionated Kraft

LPU from chemically modified lignin and fatty acids

LPU from Kraft lignin and castor oil (20%lignin)
Thermoplastic nano-structured lignin elastomers
High-elongation & high-strength elastomer (30% lignin)

Epoxy resins from fractionated Kraft (38% lignin)

 Commercial products (focus adhesives/sealants)

Polyether-based TPU for injection molding:
IROGRAN® A 92 P 4851 (Huntsman Corp.)

Tough and high strength assembly epoxy adhesive:
SikaPower®-1200 (Sika AG)

2K PU adhesive combining strength and flexibility:
SikaForce®-840 (Sika AG)

Paint shop sealant based on flexibilized epoxy resin:
SikaPower®-4508 (Sika AG)

2K PU with high elasticity for structural bonding:
SikaForce®-7550 (Sika AG)

2K silicone UV resistant insulating glass sealant:
Sikasil®-1G25 (Sika AG)

1K PU elastic adhesive for flooring applications:
SikaBond®-T8 (Sika AG)

16



Unfair advantage BI°Om

--------------------------

' Stabilization :
: with alcohols ®) O"R :
; HOL/\(OH |
OH s)
s OR o OR : E?H (solvent)
QH QH E,.=18-50 kcal mol-t —H20 E...=30-32 kcal mol-"
HO OH - OO : OH " OO a OH a o (ref.41) 5 (ref.205) 5 0
+ |
0L YN 02T PN 0 LI o o e 1) S o
o o) O~y OH O O H,0 T 3 H,0 L
- ; 2 =2 b
0 O 0 Furfural (12)

Hemicellulose (1)

Repolymerization l

Functionalization

. with aldehydes ' : ;
; O & 3 :
: O O ! : OH i
=== C-O0 linkage from native structure )\ ®) @) R ' ' HO OH ' HO ~
ms==  C-C linkage native or formed R : : OH OH : /4 l ]/ 0 OH
=== Functionalization Functionalized xvl ; : : | e =
= = = Monosaccharide functionalization Unctionalizad.eicss:(T) : ' Xylitol (10) : O = 5\_/7/.
' ! Reduced '
: : caerblgl:fydrates :
O o 1 : 1 - o)
[ " : —
C))\ ) R/L;\SIO L OH OH ; 0
ol MR L OH |
O 1 : HO 1
HO p 1 N HO O
@ o OH OH :
OH i Functionalized glucose . Sorbitol (11) : Humins (14)
H R : Reductive :

T Repolymerization

OH = H+ OH aH*

HO 0=
HO »
OH

Questell-Santiago et al., Nature Review, 2020.

-HO H.,O ” HO O
g | Ho OH 5 HO OH
OH E_.=27-43 kcal mol -’ OH
OH 1, (refs®2%) Glucose (4)
Cellulose (2)

(ref.219)

H+
'

ROH (solvent)

(6) stabilization
with alcohols

HO o) HO H",— QQ catalytic
HO i) M fractionation
OH __________________________________ mel  hmccama-- H ______________
/ 2
¢ L - E,.=20-36 kcal mol

~3H,0

OH (@)
O |
~r

5-(Hydroxymethyl)furfural

(5-HMF, 13)
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PAX - a new family of renewable polymers

Properties

- Excellent mechanical properties

- Good barrier properties (better than PLA, PHB & PBS)
- Transparent

- Chemically recyclable & (bio)degradable

- Compatible with existing production facilities

L o
12 13 14 15 16 17 18 19 20




Potential of lignin monomers

Sweet spot

Production cost vs functionality

BIOOm

OH OH OH OH OH OH
(.o oL (L0 oL (.0 oL (O O e oL (L0 O
X X X
0~ "OH clj OH OH

2 0%

BIOOm

‘ Production cost

1

(&)

Functionality

299G
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