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* Royal Cosun: agri-food cooperative.

Meet Cosun

» Processing crops into plant-based
solutions for everyday use.

« Since 1899 - 2024: 125 yrs
anniversary!

11,000

GROWERS INNOVATION

ECOSYSTEM
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8,100
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PRODUCTION LOCATIONS

MEMBERS
1 é in 7 countries
GROEIKRACHT COSUN BUSINESS
GROUPS

collaborative initiative
for and by growers

11,400

MLN TON OF RAW MATERIALS

Figures of 2022, excluding those of SVZ.
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Production Sites

and research centers
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Sugar Beet Pulp
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Cosun Beet
COMPANY

Sugar Process
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) Ontheland ) Lifting and loading ) Transport

Sugar beet is sown in March and April, The harvest starts in September. Trucks transport the sugar beet to the factory.

O Thefactory
The processing of the
sugar beet starts.

@ Washing of the sugar beet @ Determination of the sugar content
The sugar beet is washed thoroughly The sugar beet is weighed and the sugar
and any adhering soil is removed. content is determined. 16 4 1
14 | Beet , Leaf
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£ 1 Beet ~80 ton/hect
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5§ 61 ! Leaf ~30 ton/hect
@ Slicing of the sugar beet © Huice extraction © Purification of juice 4 ' ~11 dw%
The sugar beet is sliced into thin strips. The sugar is extracted from the cells of Minerals, salts and proteins are extracted from the raw juice. |
the sugar beet. 1t has now become thin juice with a sugar content 2 |
of approximately 15%. 0 |

((
.

Van der Poel et al., Sugar Technology (excl water and soil tare).

@ Evaporation

N @ Centrifuging @ Boiling

The centrifuges separate the crystal The thick juice is further concentrated By evaporating the water (with steam),
i A mixture into sugar crystals and syrup. into a thick crystal mixture. the thin juice thickens and the sugar
@ D rying and cooli ng content increases to approximately 70%.
The sugar crystals are dried It has now become thick juice.
and cooled.
[ o]

> 4 Industrial clients
— The sugar is transported to clients in
B - bulk trucks, among others.

[14) Storage Van Gilse
The sugar is stored The sugar is marketed for consumers under
in sugar silos. the brand name Van Gilse.
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Cosun Beet
COMPANY

Development Dutch Sugar Industry

» A story of scale-up and efficiency increase
* Production 2023: 1.2 Mton sugar from 7.4 Mton sugar beets

Production of ~1 Mta sugar 1985 2023 W,

Companies 2 1 0% :©: A,

80 % — - -
Plants 10 2 T0% ’Q‘ _\(‘.'33
Average plant capacity (ton beet/day) <8.000 ~30.000 Zgz ) A4 )
Employees 2500 800 0 f %_"—;Ii ﬂ @) =
Area (ha) 125.000  75.000 PP T e0 2000 2010

Reduction energy use per kg sugar




Cosun Beet
COMPANY

Sugar Beet Pulp

Large residual biomass stream:
+ Cosun: ~1 Mton/yr ton of pulp (Europe: ~13 Mton/yr).

@ iries D) w0 TN @I @) S

. oaen namnose () Aiose Fucose () sslactose

Mainly residual primary cell walls:
 Cellulose (~25wt%)
* Hemicellulose (arabinans) (~20wt%)
 Pectin (polygalacturonic acid) (~20wt%o)

Uses:

» Today: cattle feed & anaerobic digestion (green gas)

- Emerging: packaging & upcycling for food Biobosed W = g

products

» Next: multi-product biorefinery sugar beet pulp for biobased economy

« Example today: galactaric acid ' Cosun



« Galactaric acid: an aldaric acid (common name: mucic acid)
* Readily biodegradable & non-toxic

» Galactaric acid structure similar to glucaric acid, but chiral difference

- big difference in by
Galactaric acid Glucaric acid
OH OH O O OH OH
HOWOH HOJ\i)\H\",OH
O OH OH OH OH O
Symmetric, not optically active . 32% soluble in water

Insoluble in water at low pH * Melting point 130°C

Melting point 220°C ’ Cosun



Galactaric Acid: Versatile Molecule

yalogy
& LLE/d
Pharma
Personal care (drop in)
(drop in)

Examples Potential Markets
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Cosun Beet
COMPANY

Corrosion Inhibitor

« Galactaric acid acts as corrosion inhibitor in various applications.
* Mode of action includes thin film former.

« Main market driver: future phasing out of conventional products = opportunity for biobased!

Aluminium staining at high pH

2000 ppm (1)

Reference Galactaric acid
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Cosun Beet
COMPANY

Chelating Agent

» Galactaric acid: excellent complexing agent for metal ions

» Complexing agents used in various markets, both food & non-food — focus: home and
personal care applications

« Market drivers: demand for natural products & phasing out of conventional complexing agents
(e.g., EDTA, phosphates)

FeCl; + NaOH + sodium galactarate



Processes to Galactaric Acid

JBUET Commercial
! | at small scale
HO _OH oH CH,OH - Nitric acid oxidation
‘ &g;‘o o E 9 ‘ OH 0. OH « Not sustainable
HO OH
H OH
OH on ‘

OH

Milk Lactose Galactose

o Galactaric acid
on\ _on
‘ " 0 Our process:
OH « Competitive @

OH « Sustainable
D-galacturonic acid * Plant-based

@ cosun

Sugar Beet Pulp Pectin-rich cell wall



Chemocatalytic Oxidation to Galactaric Acid

« Oxidation galacturonic acid to galactaric acid key proprietary step.

* Route 1: Chemocatalytic oxidation
« Mild conditions (water, pH 9, 50-60 °C, oxygen/enriched air)
* High yield: ~90 %
« Highly selectivity: up to 94%
 Purification D-galacturonic acid required

0
OH\ OH

ol +1/2 O,
HO >

O AU/TIO,

OH

D-Galacturonic acid

Galactaric acid

15 « F.van der Klis et al. Waste not, want not: Mild and selective catalytic oxidation of uronic acids. ChemSusChem 2013, 6, 1640-45.

* F.van der Klis et al. From batch to continuous: Au catalysed oxidation of GalUA in a packed bed plug-flow reactor under alkaline conditions.

WAGENINGEN

UNIVERSITY & RESEARCH
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Enzymatic Oxidation: D-Galacturonic Acid Oxidase

HO O
HO 0
OH

OH

catalase

* Route 2: Enzymatic Oxidation
 URAO, isolated from citrus peels (Citrus sinensis) and characterized
« URAO successfully expressed in P. pastoris

« High selectivity for uronic acids in complex mixtures
Docked galacturonic acid active site of URAQOS3.

uy
. i o 7 university of
M. Fraaije, N.Loncar et al., ChemCatChem 2023, 202300847 5%{ groningen G e C! ﬁc% , ' Cosun



Current Status & Potential Way Forward

Commercial
plant

Engineering &
construction

Demo-scale factory

Process
development (pilot)

R&D technology &
applications

2025 2026 2027 2028 2029 2030




Thank you for your attention!
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