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The global sustainability challenges

ZERO: CO2 by 2050; 55 by 2030 (EU) ZERO: WASTE ZERO: FOSSIL CARBON EXTRACTION

Reduce CO, emissions Responsible and sustainable (Plastic) Circularity
handling of waste

In line with most international initiatives:
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ADAPTATION TO CLIMATE CHANGE
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o ALLIANCE TO
END PLASTIC WASTE




Circular Biobased Delta Focus towards 2030

Biogenic routes Green Chemistry Programs
Biofeedstock
Bloprocessing

Biochemicals & Materials

Programs
Solvolysis
Depolymerisation
Pyrolysis

Gasification

& circular economy
for plastics
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Energy Need Technology Feedstock quality

Chemical Recycling in the Netherlands

Chemical
processes

Naphtha/liquid
BTX

Monomers

Polymers Plastics

Gasification

Pyrolysis

Depoly-
merisation

Mechanical
Dissolution recycling /
dissolution

Enerkem, Gidara

Numerous
Next Pages

C@

I'IESTE

CumapolzuRe_

Synova-Trinseo
Koch- loniga

Polystyrene Loop QC Polymers
Retourmatras

Compounders
Packaging producers
Brand owners
Consumers

B2B

Collection

Key points:

More feedstock options
Waste problem down
Energy intensity (CO2)
Quality/purity feedstock
Pyrolysis hot or hype ?
Collaborations SME’s-Majors

Upscaling/operational excellence
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SABIC Circular Polymers production in NL by end 2022

SABIC pyrolysis oil upgrading
with H2 for use in the cracker
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Energy Advanced

Recycling Plant,

Netherlands =

Production by SPEAR= SABIC Plastic Energy Advanced Recycling BV PlaSt'C Energy per'VSIS DFOCGSS

Capacity 20,000 t/a of mixed plastic waste input » Demonstrated in Spain
» Continuous process

. > ISCC certified
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Upscaling Chemical Recycling in the Netherlands &

deilta

J Ravago en Neste plannen
=7 recyclagefabriek in

B

Dow and Fuenix Ecogy

to build two py].'OIYSlS Wid .\ ~ Announce second plant
plants in The N = S Weert (NL)
Netherlands .

Scale: 30 KT/a each by 2023 Scale: 55kt/a capacity by t.b.d Scale: 20kt/a capacity by t.b.d

FEEDSTOCK IS VIIXED PLASTIC WASTE S



Example 1: Funding for scaling-up thermochemical recycling (DGF)

FUELS

Classification Thermal Conversion

Ref Route Air ratio Temp Main Product v
A Pyrolysis A=0 400-500 Pyrolysis Oil
B Cracking A=0 750 Product Gas

pyrolysis

NAPHTHA OLEFINS

Collected Plastic Waste
B SCIRanE Film, DKR 310 Rejects
wind sifting aiR
(< of Wi
PET sorting NIR sorting 4 HDPE, DKR 329 DKR 350
|- Industrial

PET, DKR 328-1 Mix, DKR 350

hydrotreatment steam cracker

OLEFINS

cleaning compacting thermal gas cleaning

waste cracking

specC

Demonstrator
Characterisation, sorting, washing

OLEFINS

Municipal Solid Waste- RDF-SRF gasification Syngzs 2 VMeOH Mo

Demonstrator Industrialisation of plastics recycling

DSP

biobased

circular
delta

Plastic
products

NL Frontrunner




Next to Biomass... Municipal Solid Waste and RDF/SRF
new feedstock for chemicals... with challenges (N, O, S, Cl, H20)

ciroular
bbobased
chalia

* Lignocellulosics to bio-ethanol, glycols, BTX, funct. aromatics, tall oil
* (Carbohydrates to bioethanol, Lactic Acid, Citric, BDO, furanics

* Lignine to (mixed) bio-aromatics and bitumen replacement

* Biomass waste has positive value/price

* Biomass-rich RDF fraction from MSW has negative value/price
* Typical 18% plastic, 30% water, 10% ash, 42% biomass

* Too heterogenous for most pyrolysis processes

= Mild gasification/cracking possible to RNG (TRL 7)

= Gasification to syngas is state-of-the-art (TRL 9)

= Plastic-rich RDF fraction from MSW has negative value/price
= Typical 59% plastics, 1% water, 11% ash, 29 % biomass

* Too heterogenous for most pyrolysis processes
* Mild gasification/cracking possible to High Value Chemicals, the Green Ecanarmy
= (3as cleaning is essential step
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Example 2: Thermal depolymerisation to High Value Chemicals
Synova process between pyrolysis & gasification

SYNOVA’'s SOLUTION
MEDIUM TEMPERATURE = DIRECT CHEMICALS
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Note del presentatore
Note di presentazione
Pyrolysis temperature: high enough to break down the large molecules, but low enough to avoid too small molecules (these are burned to provide energy for process). 
Gasification is high enough temperature to break down everything to H2 and CO. That can be turned into diesel, methanol or any other liquid fuel. Biofuels are the attraction here.
Synova: higher temperature, small molecules are the target (note: the inevitably, some larger fragments are formed that are separated and burned to provide energy for process)


Route 2.0 to Chemical Recycling via Thermal Depolymerisation

SYNOWVA

2017 MILENA-OLGA Joint
Innovation BV (MQII}) is founded
and DRT is fully acquired by Synova

SYNOVA

Product development,
commercialization

Dahlman

Technology licenses ﬁ T

2009 MILENA-OLGA
integration

OLGA gas cleaning technology

2018 ECN joins TNO

ECN TNO

Technology development Testing, operates PDU
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’ PRODUCTS
+ Olefins
+ Aromatics
+ Natural Gas

FEEDSTOCK

= Waste
= Plastics
« Biomass

GAS
* Hydrocarbons

» 150 kgh PDU

15.000 tpa project

5 kg/h PDU
g
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1 tph demo



Environmental Impact of various Chemical Recycling routes (1)

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

parison v
o
4

CO2-reductie
met de Circular
Biobased Delta

kaar oor de

Aanzet vo en route
perio de tot 2030

Depolymerisation of & addition polymers
& Polyolefins, PS, PMMA (2.0-2.5)

Pyrolysis of mixed plastic waste(1.0-1.5)

‘ Reduction Kg CO2-eq/kg product

Gasification of waste2syngas (0.5-0.75)

SUSURZITHE IR ELHI 1A LSS K
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Environmental impact of Chemical Recycling routes (2)

Monitoring Chemical Recycling

A CE Delft

Correlation with CO, reduction

Technology Carbon footprint reduction| Plastic-to-| [B] / [A]
compared to incineration plastic *100
in MSWI yields
kg CO2 eq./kg plastic in (Table 3)
waste [A] [B]
Mechanical recycling 2.5t03.5 89-100% 25-36
mono-materials
Mechanical recycling Around 2 60% 30
mixed plastic
Solvent-based Around 3 97-100% 32-33
purification/
depolymerisation
Pyrolysis Around 1.5 49% 33
Gasification 1.0to 1.5 34% 23-34




Global Carbon Demand for Chemicals and Derived Materials
in 2020 and Scenario for 2050 (in million tonnes of embedded carbon)

1,000 1
800
600

Bio-based 10% 450 MtC
400 CO,-based <0.5 %

demand (million tonnes of embedded carbon)

2020
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1,000 MtC

20 % Bio-based

25 % C0,-based

]
© > 25% CR
2001  Fossil-based 85 %

2050

CR is key to a more sustainable chemical and plastics industry

available at www.renewable-carbon.eu/graphics

© ﬁ-lnstitute.eu | 2021
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Chemical Recycling is key to a more sustainable chemical and plastics industry
Pyrolysis of plastic waste is where the current focus of the industry is

The Netherlands plays a leadership role with many demo and flagship projects
The partnership between innovative SME’s and corporates is critical

Current feedstock for pyrolysis competes too much with mechanical recycling
Medium term we need technologies that are more agnostic to feedstock quality:

Synova Renewable Technologies, Olefy technology (VTT), and gasification to syngas
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Thank you for your attention

Willem Sederel

E: willem.sederel@biobaseddelta.nl
E: circular@bicbaseddelta.nl

Acknowledgement to Synova management for their input

www.circularbiobaseddelta.nl
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