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7408 nova-Institut GmbH — SME

private and independent research institute
interdisciplinary, international team

 Founded in 1994
* Turnover 3.0 min € / year

« 30 employees Political Framework
& Strategy

System Analysis
Strategic Consulting

Dissemination & Circular Economy

Marketing Support Raw Material Supply

Communication & Availability
Networking _ Price development

EU Project Dissemination Sustainability
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Chemicals & Materials

Biorefineries ® Industrial Biotechnology

Sustainability Techno-Economic

Assessments \_ Carbon Capture & Utilisation / Evaluation (TEE)

Life Cycle Assessment b ‘ Process Economics
Environmental footprint Target Costing Analysis
Socio-economic Impacts Life Cycle Costing

Market Research

Trends & Competition Analysis
Feasibility & Potential Studies
Innovation Scouting
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Associations/Clusters/NGOs

AVK (DE), APAG (EU), BIC (EU), BioEconomy Cluster
(DE), Birdlife (EU), CEFIC (EU), CLIB2021 (DE),

CO, Value Europe (EU), EIHA (EU), EPF (EU), European
Bioplastics (EU), IAR (FR), IBB (DE), VHI (DE), WWF
(US/DE)

Automotive Industry

Brose (DE), BMW (DE), Mercedes/Daimler (DE),
Dréximaier (DE), Faurecia (DE), Ford (DE), Johnson
Controls (DE), Porsche (DE), Quadrant (DE), VW (DE)

Chemistry, Plastics & Other Materials

Anellotech (US), BASF (DE/CA), Borregaard (NO), BRAIN
(DE), Corbion (NL), Covestro (DE), CropEnergies (DE),
DuPont (US/DE), Elastopoli (FI), EnobraQ (FR), Eridania
Sadam (IT), Evonik (DE), ExxonMobil Chemical (BE/US),
FKuR (DE), Gidetec (Fl), Global Green Chemicals (THA),
Golden Compound (DE), Honeywell (US), Hyne Timber
(AV), InfraServ (DE), Kraton (US), Mondi (AT), Neste (FI),
PCC SE (DE), Peter Greven (DE), SABIC (NL/SA), Stora
Enso (SE), Sudzucker (DE), Suiker Unie (NL), Synvina
(NL), Teijin (JP), Total (FR), UPM (FI)

End Applications

Colruyt (BE), ESE Expert (DE), geobra Brandstatter
Stiftung/PLAYMOBIL® (DE), IKEA (SE), Kosche (DE),

nova-Institute

Selected customers from industry, associations
and public as well as political institutions

Lego (DK), Leifheit (DE), Logocos (DE), Nestlé (CH),
Neudorff (DE), REWE (DE), Velux (DK), WhiffAway (UK)

Consulting & Financing

AFC Consulting (DE), Blezat Consulting (FR), Boston
Consulting Group (DE), Clever Consult (BE), ClouPartners
(DE), Deloitte (NL), E4Tech (UK), Ecorys (FR), Ernst &
Young (FR/DE), Inter-American Development Bank (US),
KPMG (MY), me6 Consulting (DE)

Engineering
Coperion (DE), Ferrostaal (DE), Reifenhauser (DE),
Uhde-Inventa Fischer (DE)

Ministries & Institutions

BBI (EV), BBI-JU (EV), BfN (DE), BMBF (DE), BMELV
(DE), DBU (DE), DECC (UK), DEFRA (UK), European
Commission (EU), FAO (IT), FNR (DE), GIZ (DE), KfwW
(DE), Ministry of Economic Affairs (NL), Netherlands
Enterprise Agency (NL), NIA (TH), UBA (DE)

Research Institutes

Fraunhofer UMSICHT (DE), HS Bremen (DE), IFEU (DE),
INNVENTIA (SE), INRA (FR), Joint Research Centre
(EU/SP), London Imperial College (UK), Oko-Institut (DE),
RAPRA (UK), VTT (FI), Wageningen UR (NL), Wuppertal
Institut (DE)

www.bio-based.eu
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European research projects

AFTERLIFE — Advanced Filtration
Technologies for the Recovery and Later
converslon of relevant Fractions from
wastewater. (09/2017 —08/2021)

BioForever — BIO-based products from
FORestry via Economically Viable European
Routes. (09/2016 — 08/2019)

BioMonitor — Towards a method for the
collection of statistical data on bio-based
industries and bio-based products. (06/2018-
05/2022)

BioRECO,VER — Microbial platforms for CO,-
reuse processes in the low-carbon economy.
(01/2018 — 12/2021)

CHASSY — Model-Based Construction and
Optimisation of Versatile Chassis Yeast Strains
For Production Of Valuable Lipid and Aromatic
Compounds. (12/2016 —12/2020)

COSMOS - Camelina & crambe Qil crops as
Sources for Medium-chain Oils for Specialty
oleochemicals. (03/2015 —08/2019)

nova-Institute

Current Projects

MAGIC — Marginal lands for Growing Industrial
Crops: Turining a burden into an opportunity.
(06/2017 —05/2021)

MARISURF — Novel marine derived
biomolecules and industrial biomaterials.
(09/2015 - 08/2020)

PEFerence — From bio-based feedstocks via
di-acids to multiple advanced bio-based
material with a preference for polythylene
furanoate. (09/2017 —04/2022)

PULP2VALUE - Processing Underutilised Low
value sugarbeet Pulp into VALUE added
products. (07/2015 - 06/2019)

ReSolve — REnewable SOLVENts with high
performance in application and improved
toxicity profile. (06/2017 —05/2020)

STAR4BBI — Standards and Regulations for
the Bio-based Industry. (09/2016 —08/2019)

WoodCircus — Underpinning the vital role of
the forest-based sector in the Circular Bio-
Economy. (11/2018-10/2021)

Zelcor — Zero Waste Ligno-Cellulosic
Biorefineries by Integrated Lignin Valorisation.
(09/2016 — 08/2020)

National projects

BEPASO - Biodbkonomie 2050:
Potentiale, Zielkonflikte, Losungsstrategien.
(12/2016 —01/2020)

BioCONversion — Bioconversion of
COl/syngas into a plastic precursor.
(04/2018- 04/2021)

WeRUmMA — Werkstoffentwicklung auf Basis
von Riubenschnitzeln fir marktrelevante
Anwendungen. (01/2017 — 12/2020)

ZeroCarb FP Il — Nachhaltigkeitsanalysen flr
die Teilprogramme Bioplastics,

2Acid+, Green Mining and Additives 1.
(02/2017 —09/2019)

www.bio-based.eu



Bio-based Polymers & Building Blocks — the best market reports available it

. - ...

Carbon dioxide (CO,) as chemical Succinic acid: New bio-based Commercialisation updates on
feedstock for polymers - technologies, building block with a huge market bio-based building blocks
polymers, developers and producers and environmental potential?

Bio-based Building Blocks
and Polymers - Global Capacities
Production and Trends 2018-2023

5alected bio-based bulding blocks: Eveiution of
production cepacities from 2011 1o 2021
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Authors: Rej Chinthapall, De Pia Skocainsi, Achim Raschéa,
Mchoe! Casus, rove-insttut GmeH, Germeny

Authors: Achm Raschika, De Pia Skoczinsk, Jan Ravenstin and
Michosl Carus
Pova-nstg Gk, Germany
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Updiate March 2019
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This and other raports cn the bio-based eccnomy ave svilable at
www bio-based.

This and other reports on the bio-based economy ase avadable at
www bio-based eu/reports

Y ... narocon

Standards and labels for . . Policies impacting bio-based Market study on the consumption
bio-based products Bio-biesed polymers, ¢ fevolutionssy change plastics market development of biodegradable and compostable
Comprehensive trend report on PHA, PLA, PUR/TPU, PA plastic products in Europe
and polymers based on FDCA and SA: Latest developments, and plastic bags legislation in Europe 2015 and 2020
producers, drivers and lessons leamnt
Bioeconomy: More than Circular Economy :&fxﬁ:‘,}:ﬂﬁgﬁ,z:xuﬁ" SHgRO MEM
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The most important service
of nova-Institute:

Bio-based News — Daily news
on Bio-based and CO,-based
Economy worldwide

« 160,000 readers monthly
« > 22,000 reports
> 11,000 companies

e > 2,200 Twitter followers:
@Biobased News

www.bio-based.eu/news

nova-Institute
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Stay Up-to-Date with Daily News from the Bio- and CO,-based Economy
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nova-Institut GmbH

Chemiepark Knapsack
Industriestrasse 300
50354 Hiirth, Germany

BIO-BASED ECONOMY

BI0-BASED CHEMICALS AND MATERIALS
INDUSTRIAL BIOTECHNOLOGY

CARBON CAPTURE AND UTILIZATION
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W20

International Conference on
Bio-based Materials

15-16 May 2019, Maternushaus, Cologne, Germany www.bio-based-conference.com

15 -16 May 2019
Maternushaus | Cologne | Germany

www.bio-based-conference.com o _
About 200 participants already registered

Gold Sponsor

%

Silver Sponsor
UPM P
The Biofore NESTE %
Company : Va-|nstit 7 »
NNovatjon Awar
Premium Partner Bronze Sponsor

Award Sponsor
C @ networking biotechnology F Ku E | n f ra S e r\/
creating sustainability plastics - made by nature!® KNAP SAEK

nova-Institute -8- www.bio-based.eu




Save the Date:
nova-Sessions in 2019

www.bio-based.eu

Bio-based Building Blocks and nova Session on Technology of
Polymers — the Future: Carbon Capture and
Markets, Trends and Innovations Utilization (CCU)

30 April 2019, 10:00 - 16:30 h 24 September 2019, 10:00 - 16:30 h
Terminal 1, Airport Cologne/Bonn, Germany Airport Cologne/Bonn, Germany

EU Circular Economy

and Plastic Policy

21 May 2019

Wolhaff Conference Center, Terminal 1,
Airport Cologne/Bonn, Germany

Contact: Mr. Dominik Vogt, +49 (0) 2233 48 14 49, Dominik.vogt@nova-institut.de
All conferences at www.bio-based.eu


http://co2-chemistry.eu/
http://co2-chemistry.eu/
http://eiha-conference.org/
http://co2-chemistry.eu/
http://bio-based-conference.com/

Bio- and CO.-based Economy: feedstocks, processes and products

Processes Bio- & CO,-based products

Wood-based materials

Physical-mechanical
Filtration Destillation Pulp & paper
Extraction Fragmentation
Crystallisation

Platform & fine chemicals
Lignocellulose

(%]
,§ . Fibres
c Chemical
2 Pulping
. ®
2 A E Oxidation ~  Esterification Pharmaceuticals
e Hydrogenation Hydrolysis
= Etherification  Isomerisation
) 3 Polymerisation Composites
Proteins 1]
Surfactants
Thermochemical
Other complex biomolecules Incineration  Gasification .
(rubber, biosurfactants etc.) Thermolysis  Pyrolysis LrinEmes
Hydrothermal
Polymers

Mixed biomass, waste
Biotechnology

Fermentation
Aerobic conversion (composting)

Anaerobic digestion (biogas) “

CO,/CO /Syngas

-Institute.eu | 2019




Renewable Carbon Strategy

RENEWABLE
CARBON

© h“"fél—.lr'ls'ritu’tf-z.eu \ 2019

nova-Institute -11 - www.bio-based.eu



Plastics production from 1950 to 2017

Bio-based worldwide 7.5 Mt

350 Fossil-based worldwide 348 Mt
incl. Europe (EU28 + NO/CH) 65 Mt
300
7 250
- - Growing demand for plastics
E CAGR 3-4% per year / energy 1% per year
$ 150
100
50

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Includes thermoplastics, polyurethanes, thermosets, elastomers, adhesives, Data source: )
coatings and sealants and PP-fibres. Not included PET-, PA-, and polyacry-fibres. PlasticsEurope, Consultic and nova-Institute © -Institute.eu | 2019




World Plastic Production and Carbon Feedstock
in 2016 and Forecast for 2050 (in Million tonnes)
1200 - 1200 Million t
1000
as
T Covered by
8001 o | recycling
&
- S
[ =
= 600
=
400 - recycled 370 Millon { -30% bio-based
2% bio-based = 177
200~ 98% fossil-based L70% COz-based
0
2016 2050
The virgin plastic production of 335 Million t in 2016 will increase to 450 Million tin 2050,
completely based on renewable carbon. The total demand for plastics of 1,200 Million t in 2050
will be mainly covered by recycling.
© -Institute.eu | 2018

Strong recycling efforts could keep the steadily growing demand for new plastics between 400 and
500 million tonnes by 2050. This demand could then be met, for example, by 30 percent biomass
and 70 percent direct CO2 use. The biomass required for this would amount to around 1% of the
biomass currently used worldwide in all areas of application (13 - 14 billion tonnes, 60 percent of

which is feed for the production of milk and meat alone).

nova-Institute -13 - www.bio-based.eu
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The majority of global plastics
waste currently goes to landfill & incineration

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

Feedstock recycling <1%

Chemical Mechanical (polymer) recycling 12%

(monomer)
recycling <1%

110

Durable!

Nondurable?
150

feedstock production

Virgin ——— Polymer — Applications — Waste

Process losses 4%

2602
(= 100%)

creation?

Collected for
recycling 16%

Incinerated 25% C02

Landfills 40%

Unmanaged dumps
or leaks 19%

Policy decisions needed to bring to reality the switch of the
plastic-waste flow from landfill and incineration to recycling.

Developed economies face high costs due to small scale and
lack of efficient collection and sorting processes with so far

limited application of automation. 14

1 Durable applications with an average lifetime >1 year will
end up as waste only in later years; non-durable applications
go straight to waste

2 150 million metric tons of mixed plastic waste from
nondurable applications that end-up as waste in same year,
plus 110 million metric tons of mixed plastic waste from
production in previous years

source: McKinsey, Sep 2018
www.bio-based.eu



Plastic Waste

Source: The Japan Times

. source: McKinsey, Sep 2018
nova-lnstitute - 15— www.bio-based.eu



Comprehensive Concept of Circular Economy

from mining, farming,
carbon capture and utilization (CCU)

o~
o
(]

Fossil C
Minerals
Metals
Biomass

from recycling

Raw material

v

Product
manufacturing

v

Trade /
distribution

) 4

Product use % Biiiiel
v «\redistribute
Remanu-
facture

Metals and Minerals

Electricity

Collection

Organic
I / o
Product end of life - .

Recycling ¥

Biodegradables

== Energy recovery

Graphic available at ﬁ ¢
bio-based.eu/graphics © ~ Institute.eu | 2016




W20 Recycling ﬁ

nova-Institute

Currently politicians mainly count on recycling schemes to
preserve fossil resources. In a circular economy the recycling of
existing plastic materials and other organic chemistry products is,
without any doubt, an important source for renewable carbon
which could and should be exploited more comprehensively.

However, you should not succumb to the illusion that recycling
will be able to provide the lion’s share of renewable carbon in a
sustainable manner. Recycling must not be turned into an
incontrovertibly true principle that is applied without any
sustainability assessments.

Chemical (and biochemical) recycling have to expanded in future

—including the recycling of CO, and other C;-sources from
offgases and wastes.

-17 - www.bio-based.eu
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What is new?

e Comprehensive information on capacity
& development from 2018 to 2023, per bio-based
Institute building block and polymer

Bio-based Building Blocks . . .
and Polymers — Global Capacities e For the first time production data for the year

Production and Trends 2018-2023 2018, per bio-based polymer

e Detailed functional and production-related
information on a total of 17 bio-based building
blocks and 16 polymers

e Analyses of market developments and producers
per building block and polymer

e Detailed research, calculation and explanation
of the market development of cellulose acetate
(CA), bio-based epoxy resins and bio-based
polyurethanes

Authors:

Raj Chinthapalli, Pia Skoczinski, Michael Carus, Wolfgang Baltus,
Doris de Guzman, Harald Kab, Achim Raschka, Jan Ravenstijn
February 2019

This and other reports on the bio- and CO.- based economy are ° ComprehenS|Ve|y updated 171 detai Ied com pany

available at www.bio-based.eu/reports . . .
) ) rofiles — from start-ups to multinational
Short and full version available: P P

www.bio-based.eu/reports corporations

nova-Institute -19 - www.bio-based.eu
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Natural Rubber
Starch-based Polymers
Lignin-based Polymers
Cellulose-based Polymers

All figures available at www.bio-based.eu/markets © ﬁ-lnstitute.eu | 2019
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i

Schematic differentiation of pathways of drop-in,
smart drop-in and dedicated bio-based chemicals

Crude Oil / Naphtha

Natural Gas / Methane

Coal / Syngas / FT

® biodegradable polymers

Al figures available at www.bio-based.eu/markets

nova-Institute

> >

+ Drop-ins
EPDM
PE/PP
PET

>

Smart drop-ins

Epoxy resins
PA

PBAT @
PBS (X)®
PTT

Biomass

Dedicated

CAe

PEF

PHA®

PLA®

PUR - based on NOPs
Starch blends @

PUR - based on other polyols than NOPs

New

—-21-—

> Chemicals

© ﬁ-lnsﬁtute.eu | 2019

www.bio-based.eu
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Bio-based polymers production capacities in 2018 and 2023

0
104 CAGR 4% 2023 B Aliphatic polycarbonates (APC)
I Cellulose acetate (CA)
2018 B Epoxy resins
84 I Ethylene propylene diene monomer rubber (EPDM)

I Poly(butylene adipate-co-terephthalate) (PBAT)
Polyamides (PA)

I Polybutylene succinate (PBS) and copolymers
'~ Polyethylene (PE)

I Polyethylene furanoate (PEF)

B Polysthylene terephthalate (PET)
~ Polyhydroxyalkanoates (PHA)

B Polylactic acid (PLA)

W Polypropylene (PP)
'~ Polytrimethylene terephthalate (PTT)

I Polyurethanes (PUR)

B Starch blends

D
L

~
L

[y
1

Production capacities (million tonnes)

o

All figures available at www.bio-based.eu/markets © ﬁ-lnsﬁtute.eu | 2019

nova-Institute -22- www.bio-based.eu
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Global production capacities of bio-based polymers by region in 2018 and 2023
(excluding polyurethanes, epoxy resins and cellulose acetate)

1% 1%

B America — North
I America - South

Asia
B Europe
53% 0
0% " Oceania
All figures available at www.bio-based.eu/markets © ﬁ-lnsﬁtute.eu | 2019

nova-Institute - 23 - www.bio-based.eu
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Shares of the produced bio-based polymers
In different market segments in 2018 and 2023

1%_ 1% 2%

1% 1o
1% 1%
2%\

\

B Consumer goods
" Building and construction

2%

" Automotive and transports

B Texiles (incl. woven, non-woven and fibres)
B Packaging - rigid (incl. food serviceware)
B Packaging - flexible

Electrics and electronics (incl. casing)

I Agriculture and horticulture

" Functional (adhesives, coatings, cosmetics etc.)

Others

All figures available at www.bio-based.eu/markets © ﬁ-lnsﬁtute.eu | 2019

nova-Institute - 24 - www.bio-based.eu
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i@ Carbon Dioxide Utilization

in natural photosynthesis

sunlight HzO

R

oo \v\\ )

e
e

carbon dioxide

sugar
+ materials

Source: Wikipedia (Daniel Mayer, At09kg; CC-by-sa 3.0)

nova-Institute - 26 — www.bio-based.eu



Institute

for Ecology and Innovation

Carbon Dioxide Utilization and renewable energy

Sun
(Pv & ather
renewables)

A A4
Flue gas from coal, natural gas, oil - Electrolysis (TRL 9, PEM TRL 8) BlOEleI;:rforggzzmlcal

purification & conditioning (TRL 7)
¥ +
From industrial processes (steel) Artificial Photosynthesis

purification & conditioning (TRL 7) Metabolic

. "~ pathways
Photocatalytic water splitting (TRL 4-5)
metallic or polymeric catalysts

Hybrid system (TRL 2-3)
proteins + photocatalytic system I L 4

By-product from bioethanol or biogas
production = conditioning (TRL 7)

D —

[
[
[
[
1
I
1
[
[
[
[
[
1
I
1
[
[
[
1
I
1

v

Direct Air Capture -
condilionr (TRL 7)

Fischer-Tropsch
Synthesis
(TRL 9)

\

All kind of synthetic

fuels (gasoline, diesel,

kerosene) & Starting
point for Chemicals

KIT (DE)
NewCO2Fuels (L)
Palyols Covestro (DE)
sunfire (DE)

VTT (FI)

©ﬁ-lnstitute.eu 12018

Methanisation
(TRL 9)

+

Methan, Methanol
Fuels & Starting point
for Chemicals

bse engineering (DE)
ETOGAS (DE)
Carbon Recycling

International (IS)
Viessmann (DE)

Other chemical
transformations
(TRL 7-9)

+

Different chemicals
and polymers, such as
oxalic acid or polyols

Avantium (NL)
Covestro (DE)
Iconic (UK)
Saudi Aramco (SA)

Natural Photosynthesis

Algae,
Cyanobacteria

+

Photosystem Il

+
Photosystem |

+

Glucose, Ethanol and
others for Fuels &
Chemicals
Proteins
(TRL 7-9)

Photanol (NL)
Phytonix (USA)

Genetically modified
organisms
Syntheric Biology

+

Photosystem II
+
Photosystem |

+

Glucose, Ethanol and
others for Fuels &
Chemicals
Proteins
(TRL 4-5)

Bacterial systems m

Acetogenic bacteria

¥

Metabolic pathways
Syngas H, + CO + CO,
Fermentation

V

Ethanol, Isobutanol for
Fuels & Chemicals
Proteins
(TRL 5-7)

Evonik (DE)
Global Bioenergies (FR)
LanzaTech (NZ/USA)
VITO (BE)

Methanogenic Archea

\

Metabolic pathways
Syngas H, + CO + CO,
Fermentation

4

Electrochaea (DE)
Krajete (AT)




U218 CCU Implementations &

Nova started a list to get an overview on already existing CCU installations:

CO, capture

* Currently 28 projects / companies listed for CO, capture from various sources:
ambient air, pre combustion, oxyfuel combustion and post combustion

* Ranging from pilot, demonstration, pre-commercial to commercial scale

CO, utilisation

« Currently 70 projects / companies listed using or planning to use CO, for the
production of fuels, polymers, proteins, gases, concrete / cement and chemicals

« Ranging from lab, pilot, demonstration, pre-commercial to commercial scale

— closer look on 13 companies with plants in demonstration and commercial
scale

Carbon utilisation

« Chemical recycling as a further approach of recycling not only CO, but carbon
containing waste in general

nova-Institute - 28 — www.bio-based.eu
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CO, utilisation - fuels

production site

company headquarter scale start date endproduct
city country status capacity

Biotechnological CO, conversion processes

Lanlzne::Tech United States commercial Ghent Belgium construction 62,000 t/a 2019
commercial  Shougang China in operation 48,000 t/a 2018
ethanol and
commercial Gurgaon India construction 34,000 t/a 2019 e.g. n-butanol
and kerosene
commercial Nelspruit South Africa construction 52,000 t/a 2019
commercial Modesto  United States construction 35,000 t/a 2019
Ptg)tfpmx United States commercial United States  planning
. >500,000t/a 2019/2020 n-butanol
commercial Europe planning
Chemical CO; conversion processes
Carbon
Recycling Iceland commercial Grindavik Iceland in operation 4,000 t/a 2011 methanol
International
Naele e Norway commercial Hergya Norway construction 8,000 t/a 2020 diesel
Crude AS ,
kerosene
Sunfire GmbH Germany demonstration Dresden Germany in operation >3t/a 2014 naphtha, wax

nova-Institute —-29- www.bio-based.eu
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company headquarter

scale

CO, utilisation

city

production site

country

status

capacity /
output power

Gases, proteins, polyols and others

start date

endproduct

Algenol
Biotech

Electrochaea
GmbH

Photanol B.V.

Asahi Kasei
Corp.

Audi AG

Covestro AG

Econic
Technologies
Ltd.
Newlight

Technologies, United States

Inc.

United States

Germany

Netherlands

Japan

Germany

United
Kingdom

Biotechnological CO, conversion processes

commercial

commercial
(demonstration)

commercial
(demonstration)

commercial
(demonstration)

demonstration

commercial

commercial
(demonstration)

commercial

commercial
(demonstration)

commercial

Fort Myers United States

Avedgre

Solothurn

Delfzijl

Denmark
Switzerland

Hungary

The
Netherlands

in operation

in operation
in operation
planning

planning

Chemical CO; conversion processes

Werlte

Dormagen

Runcorn

Taiwan
Germany
Germany

United
Kingdom

United States

In operation
in operation

in operation

in operation

in operation

50 Nm®h /0.5
MW

35 Nm®h/0.35
MW

500 Nm®h /5
MW

20 t/a

150,000 t/a

300 Nm®/h /3
MW

5,000 t/a

23,000 t/a

2014

2016

2018

2020

2007

2013

2016

2018

2014

spirulina,
colorants,
proteins

methane

organic acids

polycarbonate
S

methane

polyols,
polyurethanes

polyols

polyhydroxyal
kanoates



Carbon utilisation

L NUZ1

Chemical recycling of plastic waste

production site

company headquarter scale

status

start date endproduct

city / region

country

Chemical CO; conversion processes

Arbeitsgemein-

schaft
Kohlenstoffkreis . .
laufwirtschaft Germany commercial NRW Germany planning
NRW (Arge K2
NRW)
commercial
BASF SE Germany (demonstratio Ludwigshafen Germany  in operation
n)
Enerkem Canada commercial Edmonton Canada in operation
: The .
commercial Rotterdam Netherlands planning
commercial various China planning
ReNewELP pnlted commercial Teesside l_Jnlted construction
Kingdom Kingdom
Showa Denko . . . .
K K Japan commercial Kawasaki Japan in operation
nova-Institute -31-

capacity

31,000 t/a

219,000 t/a

2018

2015, 2017

2019

2003

chemicals

plastics

methanol,
ethanol

methanol

methanol

liquid

hydrocarbons,

chemicals,
new plastics
CO; for
beverages

www.bio-based.eu
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Polymers from Carbon Dioxide
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Ways to Use CO: for Polymers

Epoxides: * QQ Limonene.
Propylene oxide, Glycerol
Ethylene oxide, ) :
others Chemo-catalytic reaction
B Bisphenol A
- i ‘ Alcohols -J_>
; Isocyanates

| Syngas Production aﬂ:—h Hscher—Tropsctp}
'\/\\J—»meaml Production oﬁ—ui MTO o
Water -> Hydrogen Q’[ %_’* ==
+ Ethanol pe
| Fermentation _ | Butanol
T \ | Electro-fermentation iso-Butanal
' | Lactic acid
Renewable Energy Sucelnic acid
] .F - ‘
' Electro-chemistry a? >

All figures available at www.bio-based.eu/markets

Poly limonene carbonate,
Glycerol carbonate -> polymers

Aliphatic polycarbonates or
Polyalkylene carbonates (PAC):
Polypropylene carbonate (PPC)
Polyethylene carbonate (PEC)

Aromatic polycarbonates
Polyols

Polyurethanes (PUR)
and others

Polyolefines:
Polyethylene (PE)
Polypropylene (PP)
others

Polylactic acid (PLA)
Polyhydroxyalkanoates (PHA)
others

MEG -> PET / PEF
Ethylene -> PE

others
@ ﬁ-lnstitute.eu | 2019




vioe Polycarbonates ﬁ

When we talk about Polycarbonates in the field of CCU we address mainly:
Aliphatic Polycabonates like

» Polyehtylencabonate (PEC)

» Polypropylencarbonate (PPC)

« Copolymers of both (PEPC)

Cycloaliphatic Polycarbonates, e.g.
» polycyclohexene carbonate (PCHC)

Poly-Limonenecarbonate (PLIMC)

Aromatic Polycarbonate (PC)

nova-Institute - 34 - www.bio-based.eu



A\740 8  Alliphatic Polycarbonates ﬁ

/& catalyst /@‘Lo/ﬁ/o)\

R
R=H->PEC R = CH3 > PPC R-HandCHS%PEPC
Epoxide Polycarbonate

-> More in the presentation of Richard French / Econic

Several players for PEC/PPC.:
Novomer (Saudi Aramco), Empower Materials, Econic, SK Innovation, ...

nova-Institute - 35— www.bio-based.eu



W21

Standard Process:

CH3

e

Aromatic Polycarbonate

¥ HGMDH - mﬁ“cl EL *D- @ I::{_}i} n

Phosgene for Carbonyl group
(toxic)

Asahi Kasei Chemicals:

CO2

Ethylene
oxide

CO2

\

Alcohol

nova-Institute

Phosgene

free
Methanol Phenol Bisphenol-A

Ethylene l Dimethyl l Dipherryl l
oxide —* carbonate carbonate —>  Polycarbonate

Phenol Bisphenol-A
P 150 kt/a in Taiwan

Dialky! l Dipherryl l Poear since 2007
carbonate™ > carbonate — >  Folycarbonate Awarded from the

American Association of Chemistry

- 36 — www.bio-based.eu



A\740 8  Polylimonene carbonate ﬁ

Limonene Polylimonene

+ CO; -

(from )bio-based 0”0 carbonate
waste =( Zn =
" (/ -N N\ o
/I\\s/j\ + O\\#
‘\ n
0
/;\ /‘:\

i 0 o] (@)
Limonene from .
citrus fruit peels

Poly(limonene carbonate) [ Highly Cross-linked ]

Thiol-ene reaction
o 0
Plant oils — © — {0, 0)£|
n

Poly(cyclohexadiene carbonate)

Polycarbonate Coatings

Source: Hauenstein et al. 2016,
Williams et al. 2015
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Tensile strength (MPa)

%Oé(‘wh O N Jr"é

102

10"

L NUZ1

%

PLimC rubber

s O~
\/\DJ/

OPVAC

OPE

OPTFE

OPMMA
OBPAPC
PLImC Q PET
OPA-6
OPVC

OpPP

Commodities and
engineering plastics

10°

nova-Institute

10’

102
E modulus (MPa)

108

104

Polylimonene carbonate

Rubber PLIimC-B3MP

Heat processing grade PMenC

- Fully hydrogenated PLimC
+ No thermally induced cross-linking possible
« Facilitated extrusion and injection moulding

- Addition of alkyl ester

- Decrease of E modulus by
three orders of magnitude

- Partial cross-linking leads
to rubbery material

Antibacterial PLIimC-NQ

Sea water soluble PLimC-MAc

+ Addition of carboxylic group

* Quaternization of PLimC-N
with benzyl moiety

- Coating material with anti-
bacterial activity vs. E. Coli

« pH-dependent solubility in water
+ Homogeneous biodegradation
anticipated

Hydrophilic PLimC-PEG and -ME

« Addition of hydrophilic function

« Decrease of contact angle to water

« Faster heterogeneous bio-
degration anticipated

PLimC-N
+ Addition of
tertiary amine

UNIVERSITAT
BAYREUTH

— 38 -

Source: Hauenstein et al. 2016
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W20 - Polyols and Polyurethanes based on CCU ﬁ

covestro

PRODUCTION OF CARDYON™

R-OH o
. + . —_— ““‘{-0J'Lo-r—k['°\/Li?0H

PO (0] cardyon™

2

PRODUCTION OF PU WITH CARDYON™

0 0 0
Rﬁoﬂo»ﬁro\)ﬂm e, R“‘E*oJ'LO"T%ﬁ'O\/LL‘OJ'LT—*R
H

cardyon™ iy Isocyanate e Polyurethane
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'Wzra - Melt spun CO,-TPU fibre filament processing:
Direct knitting of TPU yarn and fabrics

Filament Bobbin with CO, Knitting machine for Knitted fabric from CO,
processing based TPU yarn TPU yarn processing based TPU yarn
|\&L7 NP 5'.5r.'i:;{'; s

I' J'L-Jf\.t

IR RN I"

:ﬁ ]

Dr. Pavan Manvi

( ) ITA
-> more from Covestro covestro -
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Electrocatalysis by Avantium

L NUZ1

Acquisition of assets of Liquid Light puts avantium
Avantium in the leadership position in
electrocatalysis technologies and carbon
dioxide reductionl

cholic acid

Glyoxylic acid Several options for high

value products
Oxalic acid

OxCH& Formicacid

-> more from Avantium CO,
41
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2VV20 ¥ Biotech: LanzaTech

LanzaTech’s Commercial, Pilot Stage and Immediate Target Products

Direct Conversion =l
Catalytic Conversion ™)y

Jet Fuel
(commercial ready)

Ethanol > . .
Acetogenic o cc '
Microbe (CommerC|a|) rrrrrr \ / -
M— BRERGY \ .
Energy Efficiency & ‘,’ 7 PRI ILL
Renewable Energy ,
7
Pacific

Gas Reception Compression Fermentation Recovery Product Northwest
Tank CABoRK

irginatiantic™”

Diesel Fuel
(commercial ready)

rrrrrrrrrrrrrr

ccs ENERGY
Polypropylene 47 |sopropano Renewable Energy
(available technology)
CCS Polyethylene
Acetone (available technology)
ccs g
Acrylic Glass <+

(available technology)

LanzaTechQ
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Sampiing and collection
of industrial CO2 point sources

< lg e, -
> concentration
needed?

BioRECOVER

nova-Institute

B\72 /B Biotech: BioRECO2VER

Lactate/Lactic acid production

Laciate/Lactic
acid synthesis

Lactate/Lactic
acid recovery

Lactate/Lactic
acid purfication

isobutene production

i
| Bioelectrochemical

Lactate/
Lactic acid

Isobutene

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No. 760431.

— 43—
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N2 - BioCONversion ﬁ

New project BioCOnversion:
From emissions to a valuable feedstock for plastic precursors

The new project BioCOnversion unites multidisciplinary expertise from academia and
industry in a cross-border consortium to make CO-containing process gases available
for the production of added-value chemicals. The German Federal Ministry of
Education and Research (BMBF) funded € 1.5 million to develop an innovative
bioprocess to convert syngas into a defined plastic precursor by evaluating different
technology approaches. The three years project coordinated by the open innovation
cluster CLIB**" has been kicked-off end of May 2018 and is element of CLIB's
internationalisation strategy within the cross-border BIG-Cluster initiative of the
regions of the German state of North Rhine-Westphalia, the Netherlands and the
Belgian region of Flanders.

SPONSORED BY THE

ask Sarah Refai 4R Eigﬁi{%gﬁ:w B I O c n Ve rS ]on
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- NUZ1 ﬁﬂ

Thank you for your attention!

Dipl.-Biol. Achim Raschka
+49 (0) 2233 48 14-51
achim.raschka@nova-institut.de

Bio- and CO,-based economy
Technology & Markets
Sustainability

Nz

www.bio-based.eu
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Applied research for your needs

Departments

Sustainability
Dipl.-Phys. Michael Carus

michael.carus@nova-institut.de
Bio-based economy

Markets & marketing
Sustainability & policy

IT
M.A. Sociol. Linda Engel

Linda.engel@nova-institut.de
Public Relations & Social Media
Chief Editor

Bio-based News

Project management

=

Technology & Markets
Dipl.-Biol. Achim Raschka

achim.raschka@nova-institut.de
Carbon Capture & Utilization (CCU)
Industrial Biotechnology

Bio-based chemicals

Communication
M.A. Geogr. Guido Muller

guido.mueller@nova-institut.de
Dissemination

Corporate communication
Marketing

Economy & Policy
M.A. Pol. Lara Dammer

lara.dammer@nova-institut.de
Policy

Labelling & certification
Sustainability

Accounting
B.A. Int. Bus. Stefanie Clermont

stefanie.clermont@nova-institut.de
Accounting

Project finances

Human resources

More about nova: www.nova-institut.eu
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M (;us . nova-Team — Experts from Armenia, Finland,

Germany, India, The Netherlands, Spain

M. Env. Sc. Tatevik Babayan M.Sc. Biotech. Niels de Beus M.Sc. agr. econ. Gero Carus
Policy System analysis & process Elke Breitmayer Organisation
Techno-economic evaluation modelling Sustainability assessments Communications
Sustainability Biotechnology Techno-economic evaluation Social Media
Sustainability assessments Circular economy
| Marla Carus M.Sc. chem. Ing. B. Soc. Sc. Svenja Geerken Dr. med. Franjo Grotenhermen
) H H H /
Editor Bio-based News, Raj Chinthapalli Dissemination Pharmacology
Communications, Bio-based building blocks & Project Management Toxicology
Social Media polymers Therapeutic use of medicinal
Market research and analysis plants

Application assessment

M.A. Phil. Jutta Millich

Partnering
Dissemination &
Communication
Conferences

Tobias Hoffmann-Hornberger

IT System Management
MacOS & iOS, Event
technology

Vanessa Kleinpeter

Conferences
Organisation
Office management

Dr. Biol. Seena Koyadan

Dissemination
Communication
Project Management

Dr. rer. nat. Asta Partanen Dr. Sc. agr. Dr. chem. Angel Puente

Stephan Piotrowski

M.Sc. Life cycle & sust.

Biocomposites Andreas Scharf

Markets & marketing
Labelling & certification

Sustainability assessments
Techno-economic evaluation
Bio-based chemicals

Techno-economic evaluation
Agricultural & forest feedstocks
Data collection and analysis

Sustainability assessments
Life cycle assessments
Technology scouting

/]
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Dr. rer. nat. Pia Skoczinski Daniel Steeg Dipl.-Ing. Env. Sc. Conferences

Technology and Markets Christopher vom Berg

Industrial Biotechnology
Carbon Capture and Utilization

Software development
Databases
IT & Graphics

Dipl.-Geogr. Dominik Vogt
Communication
Association management

Policy & strategy
Sustainability assessments
Life cycle assessments
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