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Loop of plastic today

Fossil-based feedstock
olja och gas

Geological disposal Energy recovery b
CO2 till atmosphere glJ
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Plast waste problematic

* The presence of contaminants and additives complicates the
mechanical recycling of plastics, down-grading the produced
products and/or requiring the use of virgin materials

* |In Sweden, where advanced collection and sorting systems
already exist, 51% of the 1600 kt of PW handled in Year
2017 was in the form of unsorted streams, which are not
suitable for mechanical recycling

e Ofall collected PW:
 7.2% recycled into new products,
e 85.5% was incinerated with energy recovery,
* 0.35% was sent for deposition,
* 6.8% the final treatment could not be determined, of
this material one part was exported and could not be
further tracked
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Most favoured option

Reduce lowering the amount
of waste produced
L m using materials repeatedly
| > using materials to make
new products
| . recovering energy
from waste

| > safe disposal of waste
to landfill

http://www.dcwastemanagement.co.uk/the-waste-heirarchy/

Despite strenuous efforts in regards to collection and
sorting, a substantial fraction of PW ends up as mixed
waste that cannot be recycled mechanically

To avoid disposal and/or incineration, there is a need
for efficient industrial processes that enable the
recycling of mixed waste streams
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Make a bridge which can close carbon loop

Thermochemical recycling: an upgrading
bridge between PW streams and a phase
of new use

The increase in value of the carbon atom
in the PW, compared to that obtained
using any other existing recycling route,
such as mechanical recycling, where the
new use phase is ensured, albeit with a
product of lower quality.

Renewable el
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Dual Fluidized Bed Gasification

CO, CO2, CHa, Ha, * Two separated reactors
light HC, ?

aromatics * Hot bed material circulation provides energy for

2;: Sed ol Zaa‘;v gafiflicattion reaction and eventually behave as
— catalys
‘ ///// Aih \\\f\g\ﬁ l * The non-gasified char carried by the bed material to
L T - the boiler where it is combusted
( \ ( ) e The principle of the system considers that the
process is providing enough char for the heat
Boiler Gasifier balance to be satisfied
(Fuel) Fuel * Advantages notably with regard to scalability,
- \ | feedstock flexibility, and the possibility to re-
A— generate the heat transfer surface, i.e., the bed
‘ w | material
Ash
Air Char —— * Examples of proven technology:
* GoBiGas
* Senden

* TIGAR®
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Recycling routes

Feedstock
Combustion
Steam
and reformin
Electrolysis 8

Synthesis

Monomers
and other
valuable
molecules

Route A is based on the direct recovery of
monomers and valuable molecules from
the original material through thermal
cracking of the feedstock

Route B refers to the thermal
decomposition of the material into
syngas, followed by a synthesis process
Route C refers to the combustion of the
feedstock to cover part of the heat
demand and to recover the carbon in the
form of CO,
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Chalmers Kraftcentralen
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Dual Fluidized Bed System

Boiler- 10-12MW
-circulated fluidized bed (air)
-woodchips
Gasifier- 2-4 MW
-bubbling fluidized bed (steam)
-wood pellets
-plastic waste
Bed material-silica-sand (wood pellets
and plastic waste)
-olivine (wood pellets and
plastic waste)
-bauxite (wood pellets)
-feldspar (wood pellets)
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Experiments evaluation

1. Fumace

4. Cyclone

6. Gasifier

12. Boiler

2. Fuel Feeding (Furnace)
3. Wind Box

5. Particle Distributor

7. Loop Seal 1

8. Loop Seal 2

9. Fuel Feeding (Gasifier)
10. Flue gas

11. Ash Removal

Stream 1 sampling point:
e Permanent gas
e SPA

—

Stream 2 sampling point:
e HTRreactor

Bed material
sampling
points

=
Raw gas channel )
w gas channe \@

* The main constituents of the produced gas, H,, CO,
CO,, CH,, and light hydrocarbons (C, and C, species),
measured online using an mGC

* The aromatic hydrocarbons in the gas sampled prior to
conditioning using the solid phase adsorption (SPA)
method and determined by gas chromatography with
flame ionization detection

* The carbon balance over the gasifier: a parallel
measurement of the total carbon in the gas using a
high-temperature reactor (HTR).

Fuel input (Crye1)

SPA sampling port

oo < >
»1] 1sopropanol quench .
L] topropanol quench High Temperature Reactor (Ccyr)
r('(x\xlcr * 4
@ I Gas chromatography (Cyermanent gas) SPA method (CSPA)
Lid 1} .@ - < > < >
pump E Cooler Gas w-GCl
“ondensate pump
pttle

l(u I CcO

e

CH, Co, CC; | >c

Known SPA-tar (C 1,0 sp1)
Non-identified SPA-tar (C ynigentised spy)
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1-GC2 ' .

|
' b
Aromatics Non-converted carbon q IJ

(C"O".—COH verted )
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Waste plastic gasifiction — Chalmers gasifier

* Polyethilene (PE)- clean reference case
* Automotive Sheredder Residue (ASR)
* Cable waste (PEX)
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Plyethylene (PE)
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Operational conditions:

* Fuel feed: 120 kg/h

* Temperature: 655-780°C

e Steam feed: 160-220 kg/h

e Active olivine bed used in
the process

Evaluation of the process:
 Permanent gases

* Aromatics

 Bed samples

<
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Process evaluation (PE): produced gas composition

60

* Closure of the carbon balance
showed significant yield of non-
measurable fraction (aliphatic
species 2 C, )

* High olefin content in the
produced gas

50

40

S %0 . * At a higher temperature (780 °C),
) - BpE L ess the olefin yield decreases, mainly
20 in favour of CO and CO,

* High percent of total measured tar
10 is BTXS fraction
3 h
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Product distribution (% wt. in the identified cracking products). Dry gas composition free of
aliphatic hydrocarbons = C,, due to measurement limitations

https://www.sciencedirect.com/science/article/pii/S2214993719300697?via%3Dihub AKADEMISKA HUS
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Automotive Shredder Residue (ASR

End-of-life
vehicles

Depollution
Fluids Airbag

andCFC  neutralisation
collection andrecycling

d &

— “ik.

Removal of parts
in good condition

Press

Reuse as used parts, and recycle plastics and ferrous and non-ferrous metals
as well as Critical Raw Materials such as Platinum

-y iy

Bumper Engine, transmission
(resin) (steel, aluminium)
< Interior parts, < Engines,
tool boxes, etc. aluminium
products
Power steering Hood, trunk,
body (steel)
ZVehicle parts,
general steel
products
ﬁ 1]
Ll
Wheel Wiring harness
(steel, aluminium) (copper)
& Vehicle parts, & Copper
general steel products,engines
products (cast aluminium
reinforcement)

b

Catalyst
(rare metal)
< Catalytic
converters

O

Tyres
(rubber)
2 Raw materials,
alternative fuel for
cement factories

4

Window
(glass)
& High-strength,
precise tiles,
landscape paving

https://www.toyota-europe.com/world-of-toyota/feel/environment/better-

earth/recycle

Shredder

Sortinto three

Ferrous

Non-ferrous

Shredder

residues

Post Shredder
Technology

Recycle as materials

Recover as energy
Recycle as ferrous
and non-ferrous
metals
Incineration
Landfill

ASR fraction:
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nonhomogeneous in
composition
plastics, foams,
textiles, glass,
rubber, unrecovered
metals and wood
46% ash
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Operational conditions:

* Fuel feed: 390 kg/h

* Temperature: 775-840°C
e Steam feed: 160-220 kg/h
e Olivine bed used in tests

Evaluation of the process:
 Permanent gases

* Aromatics
 Bedsamples, Fly ash

* PCDD/PCDF emissions
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Process evaluation (ASR): produced gas composition
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Product distribution (% wt. in the identified cracking products). Dry gas composition free of
aliphatic hydrocarbons = C,, due to measurement limitations

https://www.sciencedirect.com/science/article/pii/S2214993719300697?via%3Dihub

B ASR_840
EASR_790

Closure of the carbon balance
showed significant yield of non-
measurable fraction (aliphatic
species 2 C, and fixed carbon)

High CO2 content in the produced
gas

No significant change with
temperature change

High levels of aromatic
hydrocarbons were detected in the
gas, with 60% of these compounds
being considered as valuable
products for the chemical industry
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Process evaluation (ASR): dioxins emission

Position FG1.*results valid for the flue gas containing
6% O,
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Toxicity level decreased by 59% compared to the

case of direct combustion of ASR
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Cooling section: building point for
PCDD/PCDF

https://www.sciencedirect.com/science/article/pii/S0956053X19306683?via%3Dihub
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Process evaluation (ASR): bed material

Bl Fe203/NaAlSiO4/Na3Fe509
ol /MgO/K3Na(S04)2/Mn203/
K2504/Ca3MgSi208

Electron Image 1

The application of catalytic bed materials,
such as olivine, does not confer additional
benefits on the gasification of ASR, and the
same is likely to be true for any other ash-rich
fuel

No agglomeration of the bed even after 3
weeks of the process operation without bed
regeneration
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Cable plastic waste

) 190 kgasr/h
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Operational conditions:

* Fuel feed: 190 kg/h

* Temperature: 735-800°C
e Steam feed: 160 kg/h

e Silica-oxide based bed

Evaluation of *' &\o(\ JCess:
* Permar 39 .ses

* Aror Q/be

e P GQ} .nples, Fly ash

e O D/PCDF emissions
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Summary of results

PE PE ASR ASR
Wt %  (780C)(655C)(840C) (790C) Naphta

Methane 12 10 6 7 17
H2 4 2 2 2 1
Olefins 28 48 8 11 44
BTXS 5 9 9 10 15
Total
others* 52 31 75 71 24
Of which:

Other
aromatics 1 13 5 7

Other
C2-3 4 6 1 1

co 10 6 9 9

co2 37 6 61 54

Product distribution (% wt. in the identified cracking products). Dry gas composition free of
aliphatic hydrocarbons > C,, due to measurement limitations
*Includes aromatics other than BTXS, CO, CO2 and C2-3 alkanes/alkynes.

SFC

The composition of the cracking products produced
by steam cracking of PE and ASR in the Chalmers
DFB system is comparable to the typical gas
composition obtained from a naphtha/alkane
cracker

The yield of olefins is clearly dependent upon the
type of feedstock applied and the operating
temperature

At 655 °C, the concentration of olefins in the
product gas derived from PE is similar to that
derived from naphtha cracking; at a higher
temperature (780 °C), the olefin yield decreases,
mainly in favour of CO and CO,

The yield of carbon oxides is one of the most
remarkable differences- possibly due more intensive
gasification and steam reforming of the
hydrocarbons in the DFB system, which was not
optimised for olefins production, due to, for
example, the higher residence time of the gas and
the presence of catalytic olivine
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More details?

Circular use of plastics-transformation of existing petrochemical
Circular use of plastics-transformation of

clusters into thermochemical recycling plants with 100% plastic -y e .
isting petrochemical clusters into
recovery thermochemical recycling plants with 100%
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Sustainable
Moteriab and

Sustainable Materials and Technologies

£ sl Y , December 2019, 00124 ‘ .

plastics recovery

https://www.sciencedirect.com/science/article/pii/52214993719300697?via%3Dihub

ﬁshow ma TSN ) f‘ Waste Management I
0.1016, ; 9.c00124 » p t _._}A‘L_ Vol 02, 1 February 2020, Pages 114-121
Emissions of dioxins and furans during steam gasification of Biininsiionsieldliosins anl R diiing
Automobile Shredder Residue; experiences from the Chalmers B A
. . . residue; experiences from the Chalmers
2-4MW indirect gasifier 2-4-MW indirect gasifier

https://www.sciencedirect.com/science/article/pii/S0956053X19306683?via%3Dihub
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