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» Shared Research Center

Biorizon

The way to aromatics

Commercialization

Proven concept of
open innovation

Cost & risk
sharing

Biorizon is a Shared Research Center with an initial

focus on technology development for the production

of biobased aromatics for performance materials,

chemicals & coatings. Biorizon is anticipating the

expected growing shortage of aromatics from the

petrochemical industry and the widely shared
Investment ambition to green the chemical industry.

multiplier

Industry driven

accelerated
By RTOs

Engage world class
research institutes

Our goal is to be a leading European Center for

Value Chain Collaboration biobased aromatics within 3 years and to be in the
global top 3 within 5 years. This way the participating
companies will get the best results possible!
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» Initiators

: i vision on technology

As an independent and
customer-orientated
research organization, VITO
provides innovatory
technological solutions and
makes scientifically-based
recommendations and
provides support to
stimulate sustainable
development and reinforce
the economic and social
fabric of Flanders.

Biorizon

The way to aromatics

m innovation
for life

TNO is an independent
research organization that,
on the basis of its expertise
and innovations, makes an

important contribution to
the competitive strength of

businesses and

organizations, the economy
and the quality of society in
its entirety. TNO occupies a

unigue position thanks to

its versatility and its
capacity to integrate this
knowledge.

CHEMISTRY
CAMPUS

The Green Chemistry
Campus, located on the
SABIC Innovative Plastics

site is an incubator where
businesses accelerate their
bio-based innovations on
the cutting edge of agro
and chemistry. The campus
is an initiative of the
Province of North Brabant,
the Municipality of Bergen
op Zoom and NV REWIN
West-Brabant.
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» Why are (bio)Aromatics important
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Raw Commodity
materials chemicals

Secondary commodity
chemicals

Intermediates

Finished Products and Consumer Goods
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* Polystyrene
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* Nylon 6,6
* Polyurethanes

* Nylon6

* Phenol-formaldehyde resins
* Bisphenol A
* Caprolactam
* Salicylic acid

* Methyl methacrylate
* Solvents
* Bisphenol A

* Pharmaceuticals

* Polyester fibers, films

* Toluene diisocyanate
* Foam polyurethanes

* MTBE

* Polybutadiene, neoprene
* Styrene butadiene rubber

Transition toward bio-economy
potentially results in:

.4
&
Xylene | P-\ylene —— Terephthalic
———]
Toluene | &
5 : & Iso-butylene
— ]
Butanes @
I | Butadiene <)
F
=
L
@

v" Reduction of CO, footprint
v’ Security of supply

v" Cost reductions

v" New aromatic compounds

v" New products

TEXTILES
* carpets * foam cushions
* fibers ¢ upholstery
* fabrics * drapes
* fabric coatings, * Lycra, spandex
ie, Gortex
SAFE FOOD SUPPLY
* food packaging * beverage bottles
* preservatives * appliances
. ll‘)eﬁillzem' , pesticides * beverage can coatings
* refrigerants * vitamins
Y
TRANSPORTATION
* tires * carseats
* anti-freeze * belts and hoses
* molded plastics * wiper fluid
* gasoline additives * bumpers
i\
HOUSING
* paints * cements
* resins * coatings, varnishes
* siding * flame retardant
* fiberglass insulation * adhesives
RECREATION
* athletic footgear * wet suits
. iveequipment  * tapes and CDs
* bicycle parts, tires * golf equipment
* cameraand film * camping gear
COMMUNICATIONS
* molded pastics * pens, pencils
* computer, phone casings Pmeks
* optical fiber coatings * dyes
* liquid crystal displays * paper products
HEALTH AND HYGIENE
* plastic eyeglasses * suntan lotion
* cosmetics * medical, dental produds
* detergents * disinfectant
* pharmaceuticals * aspinin
Petroleum productline —————p
Natural gas product line
E SO, productline _—
Catalytic Process @




» OPPORTUNITY

If you want something in your life you've never had,

vou'll have to do something, you've never done.

~ D Houston

v ..-‘ \‘
www, Dail{inSPIRtiona lquotes.in 4

 New Functionalities

* New Structures

* New “tools” for polymer and material chemists

e Challanges of the 21st century require new materials
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» Bulk vs Speciality aromatics
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» Market Research

“If I had asked people
what they wanted,

they would have said

faster horses.”

Speciality ‘

Bioaromatics Bulk
Bioaromatics
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» What is shared research?

e
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> What is shared research?

A Business Perspective

Total
Company
Revenue

Shared Leverage:

R&D 1. Innovating by

Innovation combining ideas

becoming more

2. Sharing of facilities

complex:

, and competencies
we can't stop Exclusive i )
innovating... R&D 3. Reducing time to

market

4. Sharing of R&D
costs and risks

...but we can’t
bear the costs
and risks
anymore
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» Why shared research? $ & \ (5[

p-Coumaryl alcohol Coniferyl alcohol  Sinapyl alcohol

® © ,@

F O CH3 ‘ Macrofibril p @,
CH3 © ‘
CH3 \
COOH
CH3
OH .
\

Complex innovations required

Crystalline
cellulose

—r—

Source: Rubin 2008
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» Why shared research?

proof-of-
principle/concept

(o] /\\OH N H
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Low TRL requires scale-up

B i 0 ri Zo n Powered by: TNO, VITO & Green Chemistry Campus

The way to aromatics 10/30/2014 14



» Renewable aromatics, how?

Biorizon approach to accelerate European progress

Industry-inspired roadmap

Time-to-market analysis

Detailed technology
review IP-scan

Workshop with >15
industrial participants

Guesstimate analysis of . . _
economic potential Bilateral discussions

& group sessions
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» Renewable aromatics, how?

Industry-inspired roadmap

Green

Horizon 1 cracker feed

_ Catalytic

Horizon 2 2 pyrolysis

3 i

-g Sugar/furan - Sugar/furan ¢ Bulk
Horizon 3 g— technology ' technology {6 aromatics

o

Lignin W A ¢ o Bulk

Horizon 4 z technology ' I aromatics

H Lignin tech i Lignin tech ,_(;‘; Specialty aromatics

2019 2022

2016

r | ;!g’. _7
Activities: . Scale of H& 2RI
Lab Pilot Demo
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» Horizon 1

* A deployment activity, focused on the
short-term realization of a
demonstration plant for the production

of green cracker feed.

Catalytic pyrolysis technology will be
applied to de-oxygenate lignocellulosic
biomass into a mixture of hydrocarbons,

as feedstock for conventional cracking.
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» Horizon 2

* Focus on the accelerated scale-up of
catalytic pyrolysis technologies for BTX
production from low-cost & low-quality

biorefinery co-products (stand-alone

unit).

- -0 U C

New Benzene  toluene

technology
HyC Ko wgy

Aromatic chemicals, nylon intermediates,
resins and many others
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» Horizon 3

* Focus on (bio-)chemical technologies
toward functionalized bulk & specialty
compounds from sugar, preferably with

higher O, N or halogen content.
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» Technology: furan-centered chemistry

Highly selective & tuneable conversions

4 )

HO/\Q/\\‘O ‘ 23\@/22

Platform Furanics Cyclo-addition
CIEEEAEEIRN AROMATICS

Modification
(e.g. reduction,
oxidation,
decarbonylation)

0 O
(Hydrolysis &) O)\W&o -

C5/Cé6 Dehydration Furfural/HMF
sugars

Tuneable chemistry for selective
production of different targets
(phenol, cresol, benzoic acids,

xylenes, catechol, toluene, etc.)
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» Horizon 4

* Focus on (bio-)chemical technologies
toward functionalized bulk & specialty
compounds from lignin, preferably with
higher O, N or halogen content.

* Lignin conversion to innovative

molecules & materials

i

)
OH OH OH ? .
OCH, HiCO OCH; N

ar or 4

New
technology R R R %
Heo o wd or many others including, acids, diacids,

aldehydes, catechols, cresols, resorcinols,
polyhydroxy aromatics, keto acids, etc
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» Lignin —the VITO line in Biorizon

eMajor aromatic
resource of the bio-
based economy

*55 million tons/year
of lignin as side product
of pulping processes

Biorizon

The way to aromatics

Challenges

eNon uniform structure

eUnique chemical
reactivities

e Organic & inorganic
impurities

e Up to 25 different types
of bonds

® Most studies on lignin
model compounds

® Price competitive
processes

e Large volume

e High purity

e Constant quality
e Low price

e Defined structure

e High added value
chemicals — specialty
chemicals

Expectations
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» Biorizon approach for lighin

= Ty,

J i | Separation & "
,L Lzpinduced hyOIrOIySISﬁdownstream processing H

J
1

& Hydrothermal % Focus on membrane
% Chemical separation
%  Enzymatic

Analytics

l Stability H Reproducibility ‘

Secure quality supply

uollenjeAs d1WouU0JIa-0uUyd9|

Testing by industries
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» Biorizon approach for lignin

» Only depolymerization steps are needed to produce aromatics
» Novel di-, tri-, oligo and polymers

» Maintain functionality as designed by nature

» Add/change/remove functionality is possible

» Possibility to maintain heteroatoms (O) in products
mong@mer

oil

tar
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» Horizon 5

e Application development of co-
products from horizons 1-4, focused on
resource efficiency and generating
added value for the value chains

developed in horizons 1-4. SME focus.
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» New initatives

=>» More defined to one molecule

]
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» Total value chain approach

Examples of potential partners

N

Conversion:
Virent Ajinomoto
DSM BTG
(R:g(;lijel\‘ltfsu :lIIIIIIIIIIIIII:IIIIIIIE Dupont BASF
Tereos Svral . conversion SABIC Annelotech
Cargill Y ] = Novozymes Avantium
Tate & Lyle - E Ineos Total )
cimyv E .
SAPPI : .
Lamb Weston . § SABIC
UPM . DOW
ADM . . BASF
feedstock C : Solvay
. . Bayer
. . PPG
( \ :llllllll'llllllllllll.l‘ ICL
Brand Owners IBF
(launching customers) Evonik
- Lanxess
Philips % Sulzer AKZO
ML & | Pentair (X-flow) Reichhold
At L. | Applikon
g_ Alfa Laval
@ Paques
K j Zeton
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® ® Dr Florian Graichen
I 0 r I z 0 n Business Development Manager
e Industrial Innovation/Separation and
Conversion Technologies

The Way {0 aromatics VITO NV | Boeretang 200 | 2400 Mol
Tel. +32 14 33 69 79 | mob. +32 496 27 33
58 | fax +32 14 32 65 86 |
florian.graichen@vito.be

» This project is made possible by a contribution from
the European Regional Development Fund (ERDF)
within the framework of OP-Zuid.

European Union

-
F -z u I d European Regional Development Fund

Europees Economisch Stimuleringsprogramma

Investing in your future!
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