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Number of Employees:

(NEXT GENERATION GROUP): 280
Annual Sales: 80 Mio €




Pyrolysis as thermal NGE

RecyCIing Process-- " MATERIAL MORPHING TECHNOLOGY

Definition: Pyrolysis as thermo-chemical process (200-900°C) to treat mainly organic
Substances under absence of oxygen.

Waste incineration as classical thermal treatment process can be supported by pyrolysis as
complementary technology

Pvyrolysis Gas

» Average/high calorific gas

» Use of heat (e.g. process heat or
steam) respectively to generate E-
power

« Condensation = PyroQil
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T:CRACKER

Pyrolysis Coke

» Significant mass- and volume reduction

resp. further direct use

» Good sortability (particle size, ferrous/non-ferrouse etc.)



A successful partnership... NGE

MATERIAL MORPHING TECHNOLOGY

FFG

Austrian
Research Promotion Agency
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T:CRACKER — Modular NGE

plant deSign- (] MATERIAL MORPHING TECHNOLOGY
Modular concept for
B | compact and flexible plant
— - & > x~/ «;‘- design ...
A

200 kg/h %
]Y‘ _ —

....from 200 kg/h
up to 1.000 kg/h via
one T.CRACKER unit

T:CRACE

1.000 kg/h



Industrial Pyrolysis Reactor NGE

T:CRACKER 1000 MATERIAL MORPHING TECHNOLOGY




Plastic-2-Value N G E

Alu Recycling from Laminates MATERIAL MORPHING TECHNOLOGY

Pvyrolysis Gas

* High calorific Gas
» Ca. 30 MJ/kg
* process gas

»‘Packaging Material
Ancl. Aluminium

PyroCoke
« Significant reduction in mass- und volume
(80-90%)
* Good ability for separation (particle size,
Metal/None-Metal etc.)




Plastic-2-Value N G E -

NIChe Appllcatlon CFRP ReCyCIIng MATERIAL MORPHING TECHNOLOGY

CFRP - from magic material to nightmare in disposal...Pyrolysis as Option!

Erste Gefdhrdungseinstufung der
und i Industrie

ITAD an die wom 1. 2014

+ Untersuchungen cer Schiacke einer SMVA nach Verbrennung von
Carbonfaser-haltigem Material

+ Identifikation von C. i bzw. Carb plittern < 2 pm

Bt 1 1€ - ke 2 srlagen Jric

Sahr geehrte Damen und Herren,
iebe Mitglieder,

n der Vergangenheit izt es vereinzelt (insbesandere bei Anlagen mit Elektrofilkerm) 2
techatschen Prablemen nach der Annghme urd energetchen Verertrg von
carbonfaserversarkton Kunststoffon (CFK-abfiille) gekommen

Ml yrund des beobachleten singeschdnklen Ausbi andverhallen von griBeren Teilen karn es
auch bei der Schiackenaufbersitung zu Stérungen kommen,
1 Wir empfehlzn Tinen defer, die Annahme von derartigen Abfallen scegfakip zu prifen)
Eazit: E5 wurden qualitativ Fasem gefuncen, ¢
Wrebssrzaugencen Stofle eingasiul werden,

e ]

mprEes

Mit freundlichen Graden
ITAD

Bundeswehr warnt vor Krebs durch P o
Carbonfasern gefanrichen  Partikelstaub  verwandelt
e der auch in die Lunge geraten kann. Bei
. o | dliesen Temperaturen verandem sich die
eegnireson ' wa Mikroskopisch klenen Carbonf: Sie
SOREIES S S Foiidasiony Nk SO et B, werden noch feiner. So blesben ste nicht

e mehr in der L stecken,
e ks o G5y b e e S o4 SOIIEIT? KOMMEN tiet in diie Lunge. *
c asen

PyroGas
* High Quality Gas

ik

T:CRACKER

5 | s, : 5 Recycled
—— Carbon Fiber
r-CE




Plastic-2-Valve NGE [&

Production Residues MATERIAL MORPHING TECHNOLOGY

Pvyrolysis Gas

- 1 A - NN, * High calorific Gas
Recycling af PEI=~"< . f - Ca. 30 MJ/kg
’ al = = * Process Gas

-
P -

- Vi&Sterbatch Mgtfe:rial ;
Sl PN A o\ S
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r-Carbon Black ‘
« C-content approx 95% !! " |

* Recycling of rCB
* value: 400-500 EUR/t

T.CRACKER




,Plastic Planet” overview
How to achieve the recycling goals?

NCE @

MATERIAL MORPHING TECHNOLOGY

Annual production of plastic:
360 mio t (2018); till 2050 it will
increaseto >1,1bnt

Global plastic waste by disposal

Estimated share of global plastic waste by disposal method.
100%

Incinerated

Building and Consirucion _ 65 million tonnes
Other seclor _ 59 million tonnes
T - A—

Consumer & Institulionsl Products

42 million lonnes

Transportafion

EleiricalElectron: - 18 million tonnes

Indusirial Machinery I 3 million lonnas

27 million tonnes

0 tonnes 40 millien fonnas 80 million tonnes 140 million tonnes

CHEMICAL RECYCLING AS
MISSING LINK...?

By 2050, nearly 60 percent of plastics production could be based on
plastics reuse and recycling.

Global polymer demand 2016-50 and how it CAGR
could be covered, millions of metric tons’ 2016-50,° %
1,200

1.000 Projected demand growth®

Mechanical recycling
800

600

400

Virgin feedstock
200

0
2016 2020 2025

2030 2035

2040 2045 2050

"Scenario based on a multi-stakehaolder push to boost recycling, regulatory measures 1o encourage recycling, consis-
tent progress an tecnnalogies, and $75-per-barrel oil price.

“Compound annual growth rate. Mechanical recycling limited by downcycling and applicable materials, monomarization
limited by applicability to condensation polymers only, pyrolysis limited by likely rise in input costs,

*After demand reduction, assuming annual global GDP growth of 3.1%,

McKinsey&Company

https://iwww.mckinsey.com/industries/chemicals/our-insights/how-plastics-
waste-recycling-could-transform-the-chemical-industry




Plastic-2- Va{ue N G E CJ

Thermo/Chemical Recycling (T/CR)

MATERIAL MORPHING TECHNOLOGY

Available technologies:

» Plastic Energy (GB/ESP) — SABIC etc.
« ReOil (AT) - OMV

» Quantafuel (NOR) - BASF

» Plastic 2 Oil (USA)

* Neste (FIN) - REMONDIS

@ QUANTAFU=L

D Platitic20il

* Anaerobic, thermal treatment (=Pyrolysis) of SO|Id input, melts or in combination with
carrier liquids (high temperature solvents)

Process:

« After the cracking a refining process is needed to separate and clean up the oil, gas
and coke fraction

Sonst.
Kunststoffe
156%

PE-LDILLD
14,7%

PE-HD/MD
- What should be done with this fractions? \ e
- Why not via decentralized solutions? - |IPP

* Input: Polyolefins (PP, PE), PS

PUR

nst. Thermo- 6.6%
plaste .

40% -

« Unusable input : PET, PA, PVC, multilayers etc ...

PSE PS

6% "
ABS, ASA, SAN 128% /" o 5 e



Plastic-2-Value NGE
NGE & NGR Synergy for T/CR —

MATERIAL MORPHING TECHNOLOGY

T/CR via decentralized plant setup...

T.CR & F:GRAN for handling of e.g. 2D and
fluffy material...

T:CR & C:GRAN for handling of to be cutted
and dried material...

T.CR & X:GRAN for handling of to be
shredded material...



Therm.o-chemical Plastic. Conversion NGE
Plastic-2-Gas > Plastic-2-7 ——

MATERIAL MORPHING TECHNOLOGY

“We start where others having their limits...”

Re ycllrng of Posts

ALY Pyrolysi
Consuﬁwer Plastlés ) Wl yrolysis Gas

» Condensation to PyroQil ?

» High Calorific Gas (ca. 30 MJ/kg)

» Heat utilization (e.g. process heat or
steam) - E-production

PyroCoke

 Significant reduction in mass- und
s i@l ™ o= volume (80-90%)

”incl Alufy e, 4 « Good ability for separation (particle
A size, Metal/None-Metal etc.)




Plastic-2-Oil
NGE’s 15t steps...

PyroQil condensed into Diesel
from AI/PE laminates... *
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NCE

MATERIAL MORPHING TECHNOLOGY

NL
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GC-MS Analytics of PyroQil:

Significant amounts of Aromats (Xylene, Toluene, etc)
Akylaromatics, Naphtalene (& Derivates) ...



Plastic treatment VGE CJ
Post-Consumer material . — B &

MATERIAL MORPHING TECHNOLOGY

STATUS:

« amount of plastic will increase in general

« Complexity of used plastic(compounds) will increase; (e.g. multilayers etc.)

« > therefore plastic amount of not being recyclable will increase dramatically!
* Thermal treatment (=incineration) faces technical and capacity limits

OPTIONS & CHALLENGES:

« Thermo-chemical treatment becomes more and more attractive whereby the utilization
(thermal use or/and condensation) of pyrolysis gas will be a core aspect to be considered in
regards to the allocation and prize level for inputs as well for outputs!

« Utilization of the coke fraction in consideration of the input

« Management in regards of quality and quantity (composition, morphology, humidity etc.) and
logistics!

* Permission coordination
» Building up of alliances between origin and end-user of material and energy
« origins: plastic industry, collector and sorter, recycling companies...

« Pot. End-user: energetically intensive industry with focus on gas...power plants, Metal,
cement plants, paper mills, Oil & Gas Companies...




NCH .

PLASTIC LIFECYCLE-COMPETENCE
NEXT GENERATION GROUP

BIG ENOUGH TO INNOVATE,
SMALL ENOUGH TO COOPERATE!

Next Generation Recyclingmaschinen GmbH (HQ, Production & Customer Care Center Europe)
Gewerbepark 22, 4101 Feldkirchen, Austria, Phone +43 (0) 7233 70 107-0, Fax -2, info@ngr.at, www.ngr.at

BritAS Recycling-Anlagen GmbH (Manufacturing)
Moselstrasse 50, 63452 Hanau, Germany, Phone +49 (0) 6181 9187-0, Fax -22, info@britas.de, www.britas.de

Dr. Collin GmbH
Sportparkstr. 2, 85560 Ebersberg, Germany, Phone +49 (0) 8092 20 96-0, Fax: +49 (0) 8092 20 86 2, collin@drcollin.de, www.drcollin.de



