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lowers technical risk and enables fast roll-out

2013

R&D, testing and
verification

300 catalysts tested

Biomass, natural gas
and plastic

From labscale to demo

TECHNOLOGICAL DEVELOPMENT

Tested equipment, standardised modular plant design

Full-scale plant and
Detailed engineering

Proof-of-concept in
industrial scale

Supplier selection
DD and Vitol sign off

2017

Construction and
Production start

* Modular production unit
*  Supply- and offtake

* Planning for capacity
roll-out

2019

30-ton modular roll-out

Logistic and construction
management

3 plants in production
Large plantin ARA
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Technology

PROCESS DESCRIPTION

Process steps

To stack

T

Flue gas
Gasoline
Diesel
Plastic reception Pyrolysis Catalysis Coocling Distillation
Heavy oil
Ash Water
Non—condensable gas
Burner Gas cleaning
Air
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Plastics

Innovation, Design and Working Principle

Pyrolysis oil (in Fuel
gaseous state) hydrocarbons
Y Y

@ GUANTAFUEL Gasoline 15%

fcaHM - cmszl"

Alkanes >90 % Distillation

Diesel 70 %
Quantafuel

Catalyst system (CypHazz = CopHas)
(Qcs 9.0)

Fuel Qil 5 %

(CaHas — CagHsg)

+ ~10 % natural gas - used for heating of plant
(plant self-sufficient with energy — providing ~1,5 MW in surplus heating)
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Acceptable-
symbola| Abbreviationz | Namex fraction

AL

a2 HDPE= High-density- polyethylene= 100
PE-HD o

dﬂ 5 LDPE= Low-density-polysthylenex 100
PE-LD o

cﬂﬁ y PP Palypropylenes 100=
PP o

CDG 5 PSo Palystyrenen 10
S B

o1 PET= Palyethylene - terephthalate= =51
PET u

COG 3 PvCH Palyvinyl-chloride= <-1=
PVE n

o7 Otherd Other-types-of plastics= <1u
o =

Acrylonitrile-butadiene-

ABS= sTyrened ==
=]

PAE Polyamides <-1=

o
v

Feedstock specification

MAXIMUM TOLERANCES FOR IMPURITIES

Tolerances for other plastic types are as follows:

Maximum 5 wt% of PET (or 50 kg per ton)
PET may be at 5% even if it gives the possibility to form
alcohols and acids in the pyrolysis oil.

Maximum 1 wt% of PVC (or 10 kg per ton)
PVC will give rise to emission of chlorine compounds, which
needs to removed during the conversion process

Maximum 5 wt% water (or 50 kg per ton)

Water present in the plastic will be separated out in the
process but reduces the yield in manufacturing.
Contaminants mixed with water, will also reduce the
capacity and give rise to the formation of chemical
components other than alkanes.

Maximum 5 wt% organics (or 50 kg per ton)
Contaminants such as organics (oil, food, etc) reduces
capacity and binds hydrogen leading to formation of
unwanted compounds.

Maximum 1wt% of PA and ABS together (or 10 kg per ton)
Both fractions contain nitrogen that may increase the
formation of NOx during combustion of non-condensable
gases and can lead to the formation of toxic substances.

Maximum 5 wt% inerts (or 50 kg per ton)
Inert material such as stone, glass, sand and metals reduces
capacity, and will be located in the ash/carbon fraction.

Maximum 10 ppm or 0.001 wt% of Sulfur (or 0.001 kg per
ton)

Sulfur will give rise to emission of sulfuric compounds and in
worst case contaminate the end products.
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Quantafuel has focused on producing diesel due to
majority fraction and expected market price premium

Concentration I ; !
(approximate | Main focus
distribution) I
| | ) )
Natural gas Naphtha Diesel Heavy fraction
(~6 %) (~18 %) : (~67 %) (~9 %)
|
|

C1 C5 C10 C15 C20 C25

Chain length
(in # of carbon atoms)



PART OF THE SOLUTION

Quantafuel turns a global environmental problem into low-carbon products

Bill Gates [fJ] + Following L
\ ¥ Co-chair, Bill & Melinda Gates Foundation
% V. pas

The world is facing some big challenges. I'm always thrilled to read about
companies that find bold solutions.

How A Norwegian Clean Energy Company Is Combatting Marine Pollution []
From Plastics

forbes.com

@ QUANTAFU=L
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1. Problem

r’;‘:- g-0cea sga_hyear
causing enormous
enwronmental and health

issues

* plastic waste kI"S over
100.000 sea turtle .
'-.every year

~micro-plastic cont
can be found in 8 STt

' water‘samptes fro q“
than a dozen nations T e o s Lo m A o



The majority of plastics waste currently goes to landfills and incineration

Global polymer flows, millions of metric tons per annum, 2016’

Process losses 4%

Feedstock recycling <1%

Chemical Mechanical (polymer) recycling 12%
(monomer)
recycling <1% 330

180

110 260 Collected for
(=100%) recycling 16%
Durable’
Incinerated 25%

Landfills 40%

Nondurable’
150

Unmanaged dumps
or leaks 19%

Virgin—— Polymer — Applications — Waste
feedstock production creation?
QUANTAFU=L

Source: McKinsey&Company



PLASTIC - A MANMADE “WONDER MATERIAL"

Plastic production grows steadily — fastest growing man-made material

. 7 1 800 — Milliontonnes
Why are Plastics valuable mschoni
3¢ wbv 173 of food globally ends up as !?t\ 7% lower GHG are produced by a PET bottle
o { waste; plastic packaging s a likely "W vs.aglass bottle .
~ solution =
[ Alternative packaging is X the bt 15% of an average car's weight and 93 % of an S3=3
"/ volume/weight of plastic packaging . Airbus 350 are made up by plastic, which reduces sRas
overall weight -T-=-
2 o000
. E ; @{3{}_—
-~ -eco —
St
~~200 —
1950 2080

G QUANTAFUEL



@ QUANTAFUEL

Increasing environmental problem from plastic waste

Plastic production

2015

2050

(million tonnes) 322 1,124

Share of oil for plastic . .

production 6% 20%

Plastic’s carbon budgef

share 1% 15%

Plastic to fish ratio in . = ==

the ocean = e 1:5 Ead >1:1
Yo - = Dot

Source: PlasticsEurope



HIGH GROWTH NASCENT MARKET

Need a rise of structured plastic waste management and recycling

2030: “Alternative reuse” of plastic
2030: >200 million tonnes plastic reused biggest profit growth

i' ——————— h) fm————=-=- h)
; >50 million ! | ~25 BUSD for |
| tonnes for : I pyrolysis :
1 Process losses 11% I
: pyrolysis I : I
1 1 :
1 | :
| | Pyrolysisl
1 | :
1 Q- !
! Monomer
| S Collected recycling®

for recycling
50%

PE® I
PET*

Nondurable® 0 Incinerated 31%

Mechanical recycling
260
————————— PP
Landfills 18% 0.3 PVCE
8 I Other”
Liquid —» Polymer -» Applications —» Waste Unmanaged dumps 0.2 Incineration

feedstock  production creation® @or leakage <1%

@ Source: McKinsey&Company
QUANTAFUEL



Development of Quantafuel’'s technology together with market expectations for chemical
recycling of plastic waste opens naphtha as high potential

Concentration r . l
(approximate Main focus
distribution)
Natural gas Naphtha Diesel Heavy fraction

(~8 %) (~43 %) (~6 %)

Optimisation
il with new
4\ Quantafuel
:| technology

C1 C5 C10 C15 C20 C25

Chain length

(in # of carbon atoms)
@ QUANTAFUEL
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We want to make the world free of plastic waste

/ PEI'ROCHEM
PLASTIC

PLASTIC QUANTAFU= L /

: \o_@

RECYCLING
QUANTAFUEL\‘

PLANT

RECYCLED
NAPHTHA




WASTE MANAGEMENT

Quantafuel’s position in the waste pyramid —
chemical recycling included

Mechanical recycling
Plastic waste made into pellets used for new plastic production.

“Currently, only 3-4 % of plastic waste in Europe is actually
reused for making new plastic products.”

Chemical recycling

A wider range of plastic waste reduced back into petrochemical
products - some to be used towards new plastics.

“Replaces virgin oil products 1-1.”

Energy recovery
Incineration of organic and in-organic (plastics) substances into
heat and electricity production.

“High energy efficiency, but results in “burning oil” when plastics
are used as feedstock.”

G QUANTAFUZL



STATUS OF MECHANICAL RECYCLING

The most difficult material to recycle mechanically

e
,ﬂ.m::e;:ut:;ll]le-1jE
symbolz| Abbreviationz | Namex fraction
[Ba]=
=i
HDPER High-density-polyethylenen 100=
PE-HD
=i
LDPEER Low-density-polyethylenes 100=
PELD &
=i
PPa Polypropylenek 100=
e o
ot
Pse Polystyrenes 10=
PS o
ot
PET= Polyethylene-terephthalate= <50
PET o
o
PyCa Palyvinyl-chloride= <15
PVC o
=i
é’-‘i Otherz Other-types-of plasticsz B |-
0 =
=i
Acrylonitrile-butadiene-
H ABSS styrenes “1e
=i
N
Co PA= Polyamide= <15
o
1
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MARKET MACRO OUTLOOK

Global players scrambling for developing their position

Oil majors

shen Q

\#
nESTE equinc;l:

Stated ambition:

nesTe

“Neste targets to process more
than one million tons of plastic
waste annually by 2030.“

See major opportunities in

alternative fuels

Chemical majors

o-BASF Suliu

We create chemistry Ed Ili&

Stated ambition:

O -BASF

We create chemistry

“BASF is working on
recovering and recycling of
plastics through our
ChemCycling project.”

Expect chemical recycling to
become a major factor

Recycling majors

@ veoua suea2

WORKING FOR THE FUTURE

Stated ambition:

REMONDIS®

WORKING FOR THE FUTURE

“REMONDIS has initiated a
project to develop and operate
so-called chemical recycling

facilities.”

Need to increase recycling —

require chemical recycling




TECHNOLOGY REFINEMENTS

Feedstock handling system
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TECHNOLOGY REFINEMENTS

4 Pyrolysis reactor
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TECHNOLOGY REFINEMENTS

Unique catalyst solution
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TECHNOLOGY REFINEMENTS

Distillation column and storage
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To the beginning of

a partnership

Hanne Risgaard

Environmental Director
Quantafuel AS

Phone: +45 22444666

E-mail:
Hanne.Risgaard@quantafuel.com
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http://www.quantafuel.com/

