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The Green Chemistry Company
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AVALON Industries

Sugar Based Chemistry

FROM BIOMASS TO POLYMERS
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AVALON Industries

Company History

2009 2011 25

$

é i 4

AVA Biochem Go-To-Market 100%
| founded privately owned
. | i
Founded in Zu ! ¢ ¢
switzerland & AVALON 12 relatec.i.patents 25 Experts
(former AVA-CO2) inception >20 filings from 8 nations
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AVALON Industries is the global leader in the production of platform-chemical 5-HMF

AVALON Industries

and develops innovative solutions in three distinct industries
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AVALON Industries

The long road to PEF

Isomerisation Hydrothermal Processing Oxidation Polymerisation

sugar - —

Chemical ‘
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AVALON Industries

Global trends impacting sugar availability

Mio. tons of sugar

Availability of sugars for bio-based
chemicals will increase over time due to

Current
global sugar
production

180 Mio t

several global trends

Second Generation Sugar
(cellulose based)

Better yields and
higher production
quantities

Government
regulations on
sugar / fructose
(tax)

Healthy
Lifestyle =
less sugar
consumption
Growing
population
with
access to
sugar

AVALON sugar requirement until 2025 is only

approx. 1 Mio t per year which represents 0.5%

of current total sugar production
. W B |




LON INndustries

Land use for New Economy bioplastics

- Bioplastics
2015: 750000 ha = 0.0056 %
2020:1 784000 ha=0.0133 %

Material use
106 million ha =0.79 %

Biofuels

Pasture 53 million ha=0.39 %

3.5 billion ha (EGEIICACULE

1.4 billion ha
- 0,
26.1 % =10.4 %







AVALON Industries

AVA Biochem BSL Ltd.

Largest 5-HMF production plant world-wide

Max. Production Capacity

. 5-HMF in water: 50 kg per hour (dry w.)
. 5-HMF crystalline: 12 t/a (dry w.)

Start of Operation: 2014

Customer Base

. Chemical companies

. Pharmaceutical companies

. Food additive producers

. Universities and R&D institutes

AVA Biochem, Muttenz
Industrial scale Single Plug Flow Reactor
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AVALON Industries

The long road to PEF

Polymerisation

Isomerisation Hydrothermal Processing Oxidation

sugar S
sl Bio-MEG

Biological

Enzymatic

5-HMF in
aqueous Chemical
solution

Fructose
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AVALON Industries

AMOCO process

Terephthalic acid is the organic compound with the formula C;H,(CO,H),. This
white solid is a commodity chemical, used principally as a precursor to the
polyester PET, used to make clothing and plastic bottles. Several million tonnes
are produced annually.

In the Amoco process, terephthalic acid is produced by oxidation of p-xylene by
oxygen in air. The process uses a cobalt-manganese-bromide catalyst (CMB).

Idle TPA production capacity can be used for the oxidation of 5-HMF to FDCA!
Fast Go-To-Market and reduced CAPEX
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AVALON Industries

Enzymatic Oxidation

MetGen has invented a revolutionary chemo-enzymatic pathway that
enables streamlined processes towards platform chemicals, for example
FDCA.
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AVALON Industries

Elector-Chemical Oxidation

ﬁ‘ VOLTA Electrification of the Chemical Industry

"HEM
e SUBSCRIBE TO OUR
VoltaChem demonstrates NEWSLETTER
continuous electrochemical - ]
- newsletter to receive
FDCA production montily news updaif fro

VoltaChem.

Researchers from Shared Innovation Program VoltaChem have recently
demonstrated a full continuous process for the conversion of biobased
Hydroxymethylfurfural (HMF) to FDCA, a key intermediate for bioplastics. With
the results in hand, the next step can be made towards optimization and pilot

scale production.




AVALON Industries

OXY 2.0l

WELCOME TO THE FUTURE OF BIO-BASED CHEMISTRY

AVALON Industries” revolutionary Hydrothermal Processing (HTP) technology is the key to cost-efficient,
industrial scale production of the bio-based platform chemical 5-Hydroxymethylfurfural. Our water-based
chemical process provides a more sustainable, cleaner, faster and lower-cost method to convert first or second
generation sugars into an important building block for the growing biochemical industry.

5-HMF has applications in the chemical, pharmaceutical and food industries. It will change the petro-based
polymer industry and lead the way to a sustainable, 100% bio-based future. As a global technology leader for

industrial scale 5-HMF production we cooperate with partners around the globe to make bio-based chemistry a
reality.
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AVALON Industries

Biobased vs. Biodegradable

Bio-Qased

Bioplastics

e.9. PBAF, PLA, PHA,
PBS, Starch blends

Non

biodegradable BlodSgu”

Conventional
plastics

e.g.PE,PP, PET

Fossil-based




AVALON Industries

PEF: 100% Biobased
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AVALON Industries

5-HMF based PEF: Superior Properties

i

w Bio-based 100%
*  60% higher modulus
Strength Less material per application
* 12°C higher glass transition
temperature

Superior heat
resistance

*
L 2

Better Barrier | ° CO,10x

Properties Oxygen 10x
*  Moisture 2x
. - Recyclability * 100%

Weight 30 grams Weight 20 grams

Must be spiked with Less need for additives

Beer bottle additives 3 times better barrier
330ml Additional layers to reach properties than PET bottle

| llustrative Example |

required barrier properties PET




AVALON Industries

PEF stretching ratio

IV of PEF resin: 0.554 & 0.793

Thickness of Stretching ratio Thickness of Results
cast film oriented film




Carbon footprint

Bio-based products such as PEF can make the
economy more sustainable, lower its dependence
on fossil fuels and reduce the overall carbon
footprint of plastic packaging and other materials

Better performance

PEF has better performance than PET and leads
to longer shelf lives and allows replacement of
PET as well as glass / aluminum / tin cans packaging

Recyclability

Improved bottle-to-bottle recycling
Use of existing machinery & equipment

AVALON Industries

5-HMF based PEF: Main Success Factors

OF

o

Compared to
PET
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Biomass

AVALON Industries

Operational Business Models

Fructose 5-HMF FDCA

AVALON Industries

@ | (® >
Feedstock Technology Licensing Agreement
SubD \ > Off Take
A PPYY ‘ Q) ) Agreements
greemen Joint Venture / Co-Investment
\. _J \ ) \_ _J
® h
Development Agreement: Process / Product / Application
L J
N\ A . SIS -\ I P\ C A

Feedstock Supply

Large Scale Production Development Partner / Customers
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The future belongs to
sugar based chemistry




CONTACT INFORMATION:

THOMAS M. KLAUSLI
CHIEF MARKETING OFFICER
AVALON INDUSTRIES AG
BAARERSTRASSE 20

CH - 6302 ZuG
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PHONE: +41 41 727 09 81
EmAIL: T.KLAEUSLI@AVALON-INDUSTRIES.COM
WEBSITE: WWW.AVALON-INDUSTRIES.COM






