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The Climate Change Mitigation Star: A Sixfold Challenge
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RENEWABLE ENERGY RENEWABLE CARBON

from solar, wind from biomass, CO, and f

and others recycling for chemicals

and derived materials

DECARBONISATION OF CIRCULAR ECONOMY
ENERGY & TRANSPORT improving circularity T~
via electrification and and efficiency A
green hydrogen

RENEWABLE FUELS LAND USE

heavy reduction of
carbon footprint

where decarbonisation
Is not possible
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Vision and Mission and the Circular Biobased Delta

year plan

* Vision
 drive transition with stakeholders to circular
biobased economy in the Delta region
* Mission
e accelerate biobased routes and circular solutions by
creating new value chains

e Goal in 2030

* reduce 10 Megatons CO2-eq per year and double the
circularity to 50% average

* Strategy

* develop project portfolio with stakeholders and
roadmap for CO2-reduction by CE Delft

* Monitoring

* Impact, timing, investment, feedstock demand,
closing the loop (%)
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10-jarenplan 2020-2030
Stichting Circular Biobased Delta

Mei 2020
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Green Chemistry Biofeedstock
Bioplastics - Sugar Delta
Bio-aromatics - Biorefinery

- Chaplin

4 Themes

Chemical Recycling

Waste2Value
Pyrolysis - CCU
Gasification - Agro Waste
Depolymerisation - Mixed Waste
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Mission: To increase the economic value of carbohydrates and reduce CO2 emissi In
the Biobased Delta
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Bioeconomy clusters achieve competitive biobased
value chains by offering multidisciplinary services. &)

ATTRIBUTES OF SUCCESSFUL CLUSTERS*

Cluster Media and

UL (B G CLEI S Management .Of Bioproduct Certification Workforce Training ..
Infrastructure Transforming Companies Communications
Commercial Technology Raw material pI’Od ucer Advocacy in Support of
Development Support the Bioeconomy
Government Support for
Technology Manufacture, . :
Sca,Q_Up?:,d Deployment Recycling and Manufacturer PrOJGCtDDe‘;e'OPmi"t and
end of life eploymen
Intellectual Property and Advocacy in Support of
Investor Support Competitive Legal- Business
Services Valu e Ch ai n Environment
Researchin New o
. . Consumer P Support for Exploiting
Technologies leading to Distributor Government Programs
New Bioproducts
: Management Consulting,
Reseélgzllir;slant ) Strategy, Life Cycle
Retailer Design, Circularity
Innovative Engineering Industry 4.0 and Partnership Support, Transportation Logistics Technology and
Design Digitalization Open Innovation Optimization Business Analytics

Accelerating

Services provided by Circular Biobased Delta Services outsourced

*Study Leading bioeconomy clusters Univ Montreal December 2021



Planel B.io Yes! Delft ‘Green Chemistr Bioprocess Pilot Bio Base Furope
Delft Incubator Campus (COCI) Facility (BPF) Pilot Plant
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A truly Eco-system for the development of the Circular
BioEconomy

TRL | 1 2 3 4 5 6 7 & 9
Ideation Proof of concept, Confirmed Pilot, Integrated validation of the minimum viable Precommercial continuous Full commercial
value proposition process (1/100" commercial scale, 1000 hrs operation) demonstration (1/10" commercial) deployment
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Hogeschool AVANS, HAS, University Delft, Eindhoven, Gent, Leuven Port of Moerdijk
Center of Expertise Biobased Economy g
Green Chemistry Campus GCC PyroCHEM Park
R
Planet B.io Co-location: Sabic, Cargill,
Pyrolyse Test Facility Moerdijk SR At
P’ Industry parcs: Axelse
Bioprocess Pilot Facility viakte, Sloe-gebiet, Nieuw
BioBased Europe Pilot plant Prinsenland, ...

Application centers

CBBD Acceleration & Support: Consortia, Business, Financial, Permits, LCA, TEA, Lobby, ...
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(Inter)national positioning CBBD: cross border connections
accelerate SMEs innovation
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We represent a consortium of 12 SME’s in the value chain of bio- —~
polymers & materials looking for (EU-subsidy) projects W b?ggtl,:;'o

Vacuum extrusion sugar beet & corn pretreatment (Betaprocess).

Biorefinery using steam-explosion technology.

3D biobased and 100% biodegradable and biobased polymers.

Natural fibers based materials and (thermoplast) composites.

Sustainable biobased ‘green’ and non-toxic printing inks and paper coatings.
Injection and injection stretch blow molding, as well as extrusion blow molding.
10. Vacuum forming and thermoforming. Maximum dimension is 3x2x1m.

11. Large scale (4x2x1.5m) CEAD CFAM 3D-printer and milling robot.

12. Pyrolysis technology and production of green hydrogen.
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Chemical and plastic industries need alternative
carbon sources
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Renewable Energy and Renewable Carbon Global Carbon Demand for Chemicals and Derived Materials

for a Sustainable Future

1,000 MtC

E

20% Bio-based

. g : E!l —
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RENEWABLE __, ; RENEWABLE

£
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$

25% CO2-based

ENERCY

Bio-based 10% 450 MtC
C0,-based <0.5 %

8

55% Recycling

Tia]—

Recycling 5%
Fossil-based 85 %

=

demand (million tonnes of embedded carbon)
=

Fossil Fuels Fossil Carbon

All figures available &t www.bio-based . ew/graphics © ‘M‘Mu\om | 2020
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Infrastructure for the feedstock transition to

replace fossil based naphtha

Farmers

Waste Cellu-
losics/edible oil

Refinery

Conversion

naphtha Naphtha cracker Fuel

Energy crops

Waste plastics

(pyrolysis/HVO)

Upgrading unit

Recycling

Collection — Sorting — Shredding - Cleaning

waste
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HVO Biorefineries in The Netherlands
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: ls\lheste 500.000 tons/a
. UPel\I/II 850.000 tons/a
500.000 tons/a biorefinery

—har 2021 Shell will build a bi
-dam, the Netherlands, it said today. The facility will
- —-~duction is expected to start in

Shell to build 820,000 tyr

15 March 2021

UPM

By BioRefineries Blog - Februar

Version en Espafiol

y 05,2021

ering phase of a next gener:

e
stainable aviation fuel (SAF,

growth plans and starts the basic engin
u

annual capacity of 500 ktons O high—quality renewable fuels including S
aw materials with renewable

carbon footprint in the road trans

in biofuels progr

port and aviation, as well as replace fossilr

ess to the next staae”. 28/01/2021.
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The disruptive technology avoids the beet-to-sugar refinery process

Conventional sugar to bioethanol production

Betaprocess® avoids the beet-to-sugar refinery process

Main advantage of the new technology is that it avoids
the beet-to-sugar refinery process. The beet-to-ethanol

process is thereby reduced by two productiony



Activities in the region on chemical recycling

 CBBD report 2020 "Pyrolysis of woody
biomass".

 OP Zuid project "Pyrolysis living lab" 2016
- 2021

 React EU project "Pyrochempark"”.

* Shell invests in pyrolysis technology Blue
Alp and contract with Pryme

* Neste and Ravago plan chemical recycling
plant in Vlissingen

e National Growth Fund Sustainable
Materials

* CBBD "Chemical Recycling Network"
launched

circulaf
biobased
delta
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Commerciéle pyrolyse-initiatieven in onze Delta-regio.

Dit nieuwe bedrijf in Bergen op

Zoom zet huishoudelij i
Jk afval om
een grondstof voor kunststof =
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Recycling-fabriek Neste en Ravago
voor plastic afval in Vlissingen

Neste en Ravago gaan cen joint venture oprichten vans 4. * =
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ALP TO BUILD TW 2
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A target of 55 % reduction CO2 emissions in 2030 and 95% in
2050!

CO, emission in the Biobased Delta (85 Mt/a)

48 Solutions to reduce CO2 emission:

» Key technologies: solar/wind
energy, agriculture, bio-refinery,
green chemistry, fermentation,
pyrolysis, natural fibres

* Key Success Factors

* Circular BioEconomy eco-system
(Biobased Delta)

* Triple Helix: Industry/SME,
Government, Academia

* [nternational partners
* Financial support T

the Green Economy
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Europe: 4452 Mt/a
Netherlands: 185 Mt/a
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Roadmap CO2 reduction Circular Biobased Delta, per end 2021

* : Government of the Netherlands

~N — Pyrolyse PatpertTeknow @

Pyrolyse Waste4ME @

NN e g l Innovative projects given additional €1.35
. eint. ropyrolyse A . .

S billion boost due to funding from National
Growth Fund

Bareau mm
SCW

~ e = Number of projects continue with possible
DSD boost from National Growth Fund
Chaplin

~ < Bdf W » ABC Growth Fund request 8

Waste2Chemicals

RJ Bioenergy

Duurzame Materialen NL NGF @

loniga

Green Pellets
Chaplin

Bioref. Suikerbiet

Biogate Europe

>
» Biomass discussion in NL has impact
>

Avantium Ray

Biondoil to Antwerp Next Gen District

AltaCarbon ]

loniga @

Phario

» RJ Bioenergy stopped

Chaplin

|
Biorizon Horizon 2 N

~N oo Alta Carbon

> Bioethanol als chemische bouwsteen?

RJ Bioenergy

Mo Green Pellets -@
i

Chaplin

Acczlerating

> Laatste heeft fit in de USA
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CO;-reductie per project (kton CO;-eq./j) ‘togeth‘er

B1. Mogelijk in Delta 2. Waarschijnlijk in Delta 3. Zeker inDelta -




How effective are the various routes in terms of CO2-reductie?’

N w -

Reduction Kg CO2-eq/kg product
[

Values on the basis vof product comparison vs fossil route (CBBD Roadmap CE Delft)

Chemical Recycling C1l chemistry Bio-feedstock & Green Chem
—Pyrolysss & gasification ———  Depolymersation CCU - Syngas
PET Ps fermentation €0
BHET Styrene
Synova ‘--.
‘ Cracker Ethanol Ethanol
+ chem
JdsS
Pyr-oil + _
Tail gas Pyr-oi

Teknow WastadMe HTU Rydropyrolyse Waste2oheam lonigs PSloop ARaCarbon Steslsanol Ray Biogate Bioncodl Biorizon DSD Phario BRI B0 Cosun
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Examples of CBBD programs & projects
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Many different companies/technologies and growin
in gasification, pyrolysis & carbonization
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Criteria used for Technology Evaluation and Economic Analysis” °"°">'°r

In particular, we look at the following criteria:

Key Criteria Economic Analysis:

CO2 reduction (ton/ton feed)

Yield (marketable product/feed)
Consortium strength for market pull
Dependence on gate-fee

IRR

Lnnhwh e

Key Criteria Technology Evaluation.

Complexity of the technology (e.g., number of process steps, temperature, pressure)
TRL level

Availability of the right raw materials

Scalability (maximum size per single unit for commercial plant)

Required investment (CAPEX €/kg feed).

ke
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CBBD has characterized more than 50 companies/
technologies.

Opportunity map Pyrolysis-Gassification-Carbonisation projects

90%
[] Biomass ‘(FRA/G)
[] Plastic waste (NLD/P)

[l Tyres/other .

P Pyrolysis (NLD/C) pr—— ‘(USA/P)
G Gassific.atio.n (NLD/G)
C Carbonisation (BEL/P)

(NLD/P)

(NLD/G)
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)

2 (NLD/R)

S (NLD/P) (NLD/P) (NLD/P)

E LR (NLD/P) ’

S 5oy ~ (NLD/P)

é (NLD/P) NI (NLD/P)
: @ @ [

§ (ESP/C) | (NLD/P) (NLD/P)
i (POL/C) DLyE)

] (NLD/P) f (NLD/G)
(NLD/P) ‘ (NLD/P)
LD/ ¢
(NLD/P) ’ (NLD/P) . (NLD/P)

(NLD/G) ' . (NLD/P) P (NLD/C)

(BEL/C)

NLD/P Bubble size represents potential
(NLD/C) e (NOR/P) (NLD/P) CO2 reduction (ton/ton feed)

10%

o >07% 100%

Technologische analyse
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Dank voor uw aandacht

www.circularbiobaseddelta.nl

Marcel van Berkel

M: +31 6 22203144

E: Marcel.vanBerkel@biobaseddelta.nl
E: circular@biobaseddelta.nl
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