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Wauys to Use CO, for Polymers

several educts

epoxides:
propylene oxide,

Chemo-catalytic reaction

ethylene oxide,
limonene-based epoxide

alcohol:
glycerol, others

olefins:

Chemo-catalytic reaction

ethylene
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Chemo-catalytic reaction a?

Syngas production a?—b

polyesters, polyureas,
non-isocyanate polyurethanes (NIPU),
others

different intermediates

cyclic/acyclic carbonates:
glycerol carbonate, others

aliphatic polycarbonates or
polyalkylene carbonates (PAC):
polypropylene carbonate (PPC),
polyethylene carbonate (PEC)

cycloaliphatic polycarbonates:
polylimonene carbonate

bisphenol A

aromatic polycarbonates

isocyanates

polyols

polyurethanes (PUR)

acrylates

polyacrylates

Fischer-Tropsch a?—b naphtha

polyolefins, others

Methanol production a?—b

MTO

a?—b olefins:

Renewable Energy

Gas fermentation,
Electrofermentation,
Two-step hybrid process

available at www.renewable-carbon.eu/graphics

Electrochemistry

% Chemical conversion

ethylene, propylene

polyolefins

polyhydroxyalkanaoates (PHA)

lactic acid, succinic acid, adipic acid

ethanol, butanol, isobutanol, others

polylactic acid (PLA),
polybutylene succinate (PBS(X))

monoethylene glycol (MEG), ethylene,
others

polyethylene terephthalate (PET),
polyethylene furanoate (PEF),
polyethylene (PE), others

% Biotechnological conversion
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Ways to Use CO, forjPolymers

several educts

Chemo-catalytic reaction

epoxides:

propylene oxide,
ethylene oxide,
limonene-based epoxide

alcohol:
glycerol, others

polyesters, polyureas,
non-isocyanate polyurethanes (NIPU),
others

different intermediates

Chemo-catalytic reaction

olefins:
ethylene

Chemo-catalytic reaction

cyclic/acyclic carbonates:
glycerol carbonate, others

aliphatic polycarbonates or
polyalkylene carbonates (PAC):
polypropylene carbonate (PPC),
polyethylene carbonate (PEC)

cycloaliphatic polycarbonates:
polylimonene carbonate

bisphenol A

aromatic polycarbonates

isocyanates

@~ B

| Syngas production

?—P Fischer-Tropsch

— [ polyols

polyurethanes (PUR)

acrylates

polyacrylates

?—P naphtha

|

polyolefins, others

Methanol production i}?—b MTO

ﬁ?_» olefins:

ethylene, propylene

polyolefins

Renewable Energy

Gas fermentation,

polyhydroxyalkanaoates (PHA)

available at www.renewable-carbon.eu/graphics

polylactic acid (PLA),
polybutylene succinate (PBS(X))

Electrofermentation, —_— [ lactic acid, succinic acid, adipic acid
Two-step hybrid process
—P> | ethanol, butanol, isobutanol, others
Electrochemistry a?—} monoethylene glycol (MEG), ethylene,
others

% Chemical conversion

polyethylene terephthalate (PET),
polyethylene furanoate (PEF),
polyethylene (PE), others

Q-Q Biotechnological conversion
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Institwte  Production capacities for CO,-based polycarbonates

Ecology and Innovation

CO,-based
Company Country Capacity Final products carbon content
(%)

Polycarbonate synthesis and polyol synthesis for polyurethanes

Asahi Kasei and various under their

licenses Various 750,000 t/a Aromatic polycarbonates 17.3 4.7

Covestee Polycarbonates polyols for 55
Empower M « Ca. 850,000 t/a of CO»-based polymers already produced 40 ca. 11

Jiangsu Zhongke Jinlo _ 11

« Ca. 5.4 % of total weighted CO,-based carbon content

Jilin Boda New 40 ca. 11
Inner M°”9°"g:\(")3p China 3,000 t/a PPC, PEPC, PPCHC ca. 40 ca. 11
Saudi Aramco (formerly Novomer) United States 5,000 t/a PPC, PEC 43 ca. 12
Taizhou BangFeng Plastic China 30,000 t/a PPC ca. 40 ca. 11
METEE ATl MEMGE - MR China 5,000 t/a PPC ca. 40 ca. 11

Group

PEC: Polyethylene carbonate, PPC: Polypropylene carbonate, PBC: Polybutylene carbonate, PEPC: Poly(ethylene-co-propylene) carbonate, PPCHC: Poly(propylene-co-cyclohexene) carbonate h‘
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Source: Gurtler, C. 2020

Chemical conversion of CO, to polycarbonate

polyols

PRODUCTION OF CARDYON®

PO co,

PRODUCTION OF PU WITH CARDYON?®
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cardyon®

PO = Propylene oxide, PU = Polyurethane
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cardyon®
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Polyurethane

« Cardyon® contains up to 20 % CO, by weight
The produced polyurethane is used for foams, such as in mattresses, in textiles

applications and in elastomer products




Wauys to Use CO, for Polymers

several educts

epoxides:
propylene oxide,

Chemo-catalytic reaction

ethylene oxide,
limonene-based epoxide

alcohol:
glycerol, others

olefins:

Chemo-catalytic reaction

different intermediates

ethylene
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Chemo-catalytic reaction

S

Syngas production

—

cyclic/acyclic carbonates:
glycerol carbonate, others

bisphenol A

isocyanates

polyols

—_—
—_—
—
—_—

—

polyesters, polyureas,
non-isocyanate polyurethanes (NIPU),
others

aliphatic polycarbonates or
polyalkylene carbonates (PAC):
polypropylene carbonate (PPC),
polyethylene carbonate (PEC)

cycloaliphatic polycarbonates:
polylimonene carbonate

aromatic polycarbonates

polyurethanes (PUR)

| acrylates | — | polyacrylates

Fischer-Tropsch a?—b

naphtha

Methanol production a?—)

MTO

olefins:

Qe

Renewable Energy

Gas fermentation,
Electrofermentation,
Two-step hybrid process

o

ethylene, propylene

available at www.renewable-carbon.eu/graphics

Electrochemistry

% Chemical conversion

lactic acid, succinic acid, adipic acid

ethanol, butanol, isobutanol, others

monoethylene glycol (MEG), ethylene,
others

% Biotechnological conversion

polyolefins, others

polyolefins

polylactic acid (PLA),
polybutylene succinate (PBS(X))

polyethylene terephthalate (PET),
polyethylene furanoate (PEF),
polyethylene (PE), others
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RENEWABLE

nstitte.  Chemical conversion of CO, to naphtha (building
block) via Fischer-Tropsch reaction

Nordic

Electrofuel

Renewable Energy is used to Hydrogen from electrolysis Synthesic gas (H2 and CO) is
split water vapor (H20) to reacts with carbon dioxide converted to Blue fuel products
hydrogen (H2) and oxygen (CO2) and is reduced to carb consisting of wax, enhanced
monoxide (CO) premium diesel and naphtha
through a catalytic process

Production & Products

Oxygen

Fischer -
Tropsch Naphta can be used
CO, can be captured in gasoline and as

from air. feedstock to plastic.

Unavoidable CO; Carbon capture
from concentrated and storage can be

industrial emissions achieved with wax

is cheaper. ' products

Kero:
(Jet-Fuel)

Source: Nordic Electrofuel
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Renewable Energy
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Electrochemistry

Qe
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Biotechnological conversion of CO, to ethanol
(building block)

Institute

for Ecology and Innovation

LanzaTech®

Direct Conversion —_—
. . Jet Fuel
Catalytic Conversion =)

(commercial ready)

Ethanol
(Commercial)

Acetogenic
Microbe

ssssssssssssss

Energy Efficiency &
Renewable Energy
Pacific
Northwest
IATIONAL
UABORATORY

as Feed Stream

Recovery

Product
Tank

Diesel Fuel
(commercial ready)

uuuuuuuuuuuu

Energy Efficiency &
Renewable Energy

Polypropylene < Isopropanol
(available technology) (Pilot)

Polyethylene
(available technology)

Acetone
(Pilot)

a

Acrylic Glass

(available technology)

No Carbon Left Behind LanzaTechQ

Source: Mihalcea, C. 2019. Unique Process to Convert CO» into Isopropanol and Acetone. Presentation at the “7t Conference on Carbon Dioxide as a Feedstock for Fuels, Chemistry and Polymers”, 2019-03-20, Cologne, Germany
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(building block)

Further synthesis to polymers and surfactants

Institute  Biotechnological conversion of CO, to ethanol

LOREAL

LANZATECH, TOTAL AND L'OREAL ANNOUNCE A WORLDWIDE PREMIERE: THE PRODUCTION
OF THE FIRST COSMETIC PLASTIC BOTTLE MADE FROM INDUSTRIAL CARBON EMISSIONS

LanzaTech® @ ToTAL

Clichy, 27" October 2020 - Through their innovative partnership, LanzaTech, Totaland L' Oréal have premiered the world's
first sustainable packaging made from captured and recycled carbon emissions. The successful conversion process takes
place in three steps:

e LanzaTech captures industrial carbon emissions and converts them into ethanol using a unique biological process.

* Total, thanks to an innovative dehydration process jointly developed with IFP Axens, converts the ethanol into
ethylene before polymerizing it into polyethylene that has the same technical characteristics as its fossil
counterpart.

e L'Oréal uses this polyethylene to produce packaging with the same quality and properties as conventional
polyethylene.

lanzalech® @ lululemon 0 gERMtER

INDIA GLYCOLS LIMITED

JuL 2021

LanzaTech and lululemon partner to create the
first fabric using recycled carbon emissions

Partnership includes India Glycols Limited and Far Eastern New Century

Biotechnology company LanzaTech today announced it has partnered with lululemon athletica inc. (NASDAQ:LULU), an athletic apparel com

ollution. LanzaTect

n New Century (FENC,

1402) to convert

anol to polyester

Recycling carbon is a fur element c nich will keep fossil carbon ssil fuel usage when

form lululemon’s

used to make poly lower carbon

Woew LanzaTech®

Unilever INDIA GLYCOLS LIMITED

coue

World-first laundry capsule in market made from industrial
carbon emissions

21/04/2021

London: Unilever has partnered with LanzaTech and India Glycols to produce a surfactant made from industrial carbon emissions
instead of from fossil-fuels. The innovative shift in production utilises biotechnologies and a newly configured supply chain
between the three partners, who are working together for the first time.

Typically derived from fossil fuels, surfactants are a critical ingredient for creating the foam and
cleaning action of many household cleaning and laundry products, from dish soaps to fabric
detergents. The new process now allows surfactants to be made using recycled carbon.

Recycled carbon is a key form of renewable carbon and is essential to eliminating the use of fossil
fuels. A recent report published by the Nova Institute and Unilever in April 2021 estimates that
demand for fossil-derived chemicals will more than double by 2050. Renewable carbon production

will need to increase by a factor of 15 by 2050 to phase-out the use of fossil carbon in consumer
products.




institute  Bjotechnological conversion of CO, to
polyhydroxyalkanoates (PHAS)

g N EWLIGHT

biomaterial

made in living things

no synthetic plastic R A PR, FDA approved
no GMOs, no food ¢rops 9 FCN 1754

AT 3
dishwasher safe < LY et R ocean-degradable
and reusable Ty Se by g & ASTM D6691 & D7081

high-strength % 2 P32 o K o carbon-negative
in hot and cold ‘ 1ISO 14046-3 & PAS 2050:2011

AIRCARBON

* Newlight Technologies opened an assumed 7,000 — 8,000 t/a commercial gas fermentation plant for
PHBYV for cutlery and drinking straws and for eyewear, wallet and handbags.

Source: Newlight Technologies
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Conference on
CO:2-based Fuels
& Chemicals 2022

23 -24 March ¢ Hybrid Event

RENEWABLE
MATERIALS

CONFERENCE 2022

International Conference on

CELLULOSE FIBRES

2-3 February 2022
Hybrid Event

Contact: Mr. Dominik Vogt, +49 (0) 2233 48 14 49, dominik.vogt@nova-institut.de
All conferences at renewable-carbon.eu/events n

10-12 May
Hybrid Event
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