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Avantium’s Renewable Chemistries

Leadership in innovative renewable technology
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YXY® w

Commercialization enables the transition to a sustainable bioeconomy
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Explore Value Maximizing Strategies
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Lab-scale » Pilot plant

Ideation

In-House

¢ Validate lab scale
performance

¢ Assess market
position

® Model business case
(technoeconomic)
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Pilot plant build
Scale
technology

Prove process
economics
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Explore Strategic Alignment
Validate Combined
Competencies

Resource and Execute

* License(s)
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Phase Il

Partnering

¢ Align partner intent

¢ Combine core
competencies

¢ Decide commercial
deployment

¢ Structure agreements

» Reference plant » Industrial scale

Phase Il

Business Model Execution

¢ Continue
technology
improvements

¢ Monitor market
conditions

¢ Execute against
growth strategies




Avantium’s Renewable Chemistries Portfolio

Approx. 3-6 months

Approx. 2-3 years
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Approx. 1-2 years
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Process stages

Validate and optimize
process

Process economics to
support business case

________________________

________________________

________________________

Prove chemical process
at lab scale

Validate business case
and evaluation of
partnerships

________________________

________________________

Validate technology at
pilot plant scale

Establish collaborations
to address commercial
risks

________________________
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Brands desire bio-based solutions
Brand-owners realize a system-wide approach is required to
solve today’s toughest sustainability challenges
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Zambezi Summary
S avantium
ambezi:

Avantium transformed the economics of the Bergius process

Market:

Today polymer market "300mpta increasing 1.2Bn tpa by 2050 (4x increase)
Growth in renewable fuels and materials will demand a 2G solution
Currently no commerically viable high purity 2G glucose available today for chemical applications

Technology:

Feedstock flexible

Innovation in :

¥ Acid sugar separation

¥ Material construction

¥ Lignin deacidification
Lab demonstration in Hydro \2 unit
Pilot Plant design completed

Pilot Plant build initiated

Application:

Successfully made FDCA from Zambezi 2G glucose and polymerized to PEF
Multiple collaborations on qualification on feedstock and product stream qualification

Commercialization:

Identified partnership to support Reference Plant business case in Delfzijl (Netherlands)
Actively evaluating multiple business cases in multiple locations around the world



Glucose
Glucose is a central building block for many bio-based polymers
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Market size (min ton CHEQ)

Market Potential for Glucose
Bio vs fossil market size — Growth potential
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From the Sugar Platform to Biofuels and Biochemicals
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First and second generation biomass (glucose)

First generation (1G) —Sugar cane, corn, sugar beet, wheat avantium
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Second generation (2G) - Wood, agricultural residue, recycled paper, energy crops
Future

Corn stover Recycled paper
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Why Woody Biomass? @

avantium

“ Reasons:

— Economic:

“ Economically available feedstock

“ Efficient and mature logistics
— Technological:

“ Tests at lab scale have been done on the basis of wood chips

“ Does not require other pre-processing step

“ Retains structural integrity after process (does not crumble or slump)
— Sustainable:

® Good ecological footprint

“ Undisputed

“ We continue to evaluate other alternative feedstock options
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2G Sugar Technologies Evaluated by Avantium o

Key technology identified : fit-for-purpose in biobased chemicals
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Example
Technolog Companies Advantages| Disadvantages Application Area

M&G Chemtex

Pre-treatment + /Beta Renewables + High yield .

: ) - Mixed products .
enzymatic Sweetwater + Mild - Biofuel

; - - enzyme cost
hydrolysis Comet conditions

. . . L iel
Dilute acid / high + Cheap ow yield
temperature rocess - Impure product
P P - Dilute stream

A Lignol ‘ - High solvent &

: CIMV + High grade enzyme costs :
enzymatic o . - Biofuel

. lignin - Dilute product
hydrolysis

stream
Hot Compressed . + Lowcost - Lowyield - Biofuel
Water Renmatix reagents - High pressure/temp - Biochemical
. Avantium + High .

Concentrated acid Virdia (Stora Enso) i - Acid/ sygar .
/ low terrmperature Green Sugar e separajclon - B!o uel
hydrolysis o el syl Corrosion - Biochemical
(‘Bergius process’) Avantium selected technology
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Bergius HCI Hydrolysis technogy

1916 Bergius began development of industrial process of saccharification

1933 Mannheim-Rheinau plant completed (single step hydrolysis) 6-8 kt/a
mixed sugars

1939 Regensburg plant completed (destroyed 1945) 20 kt/a sugars
1948-59 Modified- Rheinau process (with sugar fractionation) 12 kt/a glucose

1953-55 Japan pilot plant
1957-87 Russia pilot plants (10 m3 scale hydrolysis reactors)

1980’s Dow USA: Pilot Plant - HCI recovery by solvent extraction

2007 HCI CleanTech (Israel) = - Stora Enso (2014) (HCl recovery via amine
complexation)

2013- Avantium studies all available know-how on Bergius
2015 process and developed proprietary improvements
leading to glucose production competitive to 1G

glucose avantium

15



Zambezi Process in a Nutshell

Improved Bergius-Rheinau process:
Two-stage, concentrated HCI hydrolysis H

Acid / sugar separation by proprietary avantlum
evaporation technology yielding

High purity glucose product SSHRE

42% HCl

Acid
re-concentration
& recycle

Cellulose
hydrolysis

Hemicellulose
hydrolysis

Feedstock
Flexible

Acid [/ sugar separation

terpentines

[ Post hydrolysis Lignin de-acidification

4

C5/C6 sugars Glucose Clean Lignin

“ Technical Breakthroughs
— Acid sugar separation
— Material construction
— Lignin deacidification

Intellectual Property
captured through patent filings




Examples Business Cases
Case by case number crunch
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Plant OPEX (500kpta Feedstock Input Scale) e Other fixed costs
[ Depreciation (15 yrs)
B Sugar Purification & Lignin
Pelletization
B General & Admin
o ~ B
a o« mmm Maintenance & repair
2 5
2
e s Labour
=]
£
E mm Utilities
\ I Feedstock
' ' ' ' e===Total Sales
US South US South ASEAN West Canada  ASEAN PKS
Hardwood Softwood Eucalyptus SPF
Residue IRR
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Flagship Plant: Zambezi Wood Biorefinery

avantium
® Can be implemented in the Netherlands !

® Strong partnership established

Available locations for Demonstration plant, flagship plant and
commercial plant

Logistics Rail/ Road/ Port

Availability & knowledge of concentrated HCI
Woodchips/residues availability

Utilities (Steam, Electricity, waste water)

Site Services/Engineering

Availability of personnel

Lignin (co-)firing possibilities

Global licensing (also for other feedstocks)

2O ciuRWE

AklONObe| staatsbosbeheer avantium



Delfzijl Technology Deployment Strategy

avantium

W

Investment ~ Stagel = : i [
. Build Pilot Pre-PDP Flagship PDP Flagship FEED Stage 2: Flagship Stage 3:
Pilot Plant
et Com!nercial scale Expansion
design and EPC Commercial scale

Flagship launch
design and EPC

Expand to Full Capacity

Phase Il Phase Il
Ownership Vehicle & Full Commercial Scale
Operational Level for Flagship Operation

Collaborations & JDA’s

Business Cases for Global Deployment

Licence multiple
plants in multiple
locations
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Partnering Universe ¥/
avantium

Feedstock Conversion Off-takers

* Pulp & paper * Chemical  2G Glucose

* Forestry » Engineering  Mixed Sugars

« Agricultural « Site / Services « Lignin (specialty or energy)
« Tall oils
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Summary Zambezi

avantium

Avantium has radically improved the Bergius bio-refining process to achieve
cost competitiveness and high purity 2G glucose output

Market:

Large market for glucose and a growing need for high purity 2G glucose
Growing interest from energy industry for biomass cascading (for lignin)
Potential for higher value lignin applications

Strong interest for mixed sugars for biofuel and biogas

Technology:

Avantium innovations in hydrolisis, acid-sugar separation, lignin-
deacidification drive process economics and product quality

Ability to use diverse range of 2G feedstock; initial focus on woody biomass

Pilot plant design completed; technology is ready for scale-up to
demonstrate Zambezi technology at pilot scale

Partnering:

Avantium is actively looking worldwide for partners along the value chain

Avantium is working with industrial partners for the preparation of a flagship
plant in Delfzijl, and in parallel on a range of business cases across the

globe
21



Thank you for your
attention.

Questions??

e,

avantium
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