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nova-Institut

m ME

private and independent research institute
interdisciplinary, international team

renewable carbon strategies

nova-Institute is a private and independent research institute,
founded in 1994

Research and consultancy with a focus on the transition of the
chemical and material industry to renewable carbon

Future challenges, environmental benefits and successful
strategies to substitute fossil carbon with biomass, direct CO,
utilisation and recycling

Unique understanding to support the transition of your business
into a climate neutral future.

Our subjects: feedstock, technologies and markets, economy and
policy, sustainability, communication and strategy development

nova-Institute has 35 employees and an annual turnover of more
than 3 million €.




Institute

for Ecology and Innovation

Selected Customers from all Industrial Sectors

R =co

‘Faurecia Deloitte.

inspiring mobility

IKEA of Sweden @

STAEDTLER®

(LEIFHEIT) g@ covestro) ECORYS A

LEGO

AKTIENGESELLSCHAFT

P NG
\ european R
\}

s bioplastics @ EY
playmobil VRt @ il

Tetra Pak” NESTE med
WWF @ ,,,,,,,,,,

(o]
OF THE UNITED NATIONS




Institute

for Ecology and Innovation

Selected Customers from Chemical Industry

Anell;tech

/\ﬁZINﬁO
S04 CHEMICAL
™~

avantium

Borregaard

B-R-A:I'N

@CGHC

Corbion

PUrac

COVGStI’O‘

B om e i so. e on B
EmEOA & S T EE Oy

@ evonik

KRAFT FUR NEUES

Ex¢onMobil

Energy lives here”

Y
Ferrostaal

FKu@

pI stics - made by nature!®

GOLDEN
COMPOUND

PETER@

GREVEN

Honeywell
KRATON

(mondi

NESTE

SE

4l
sabia

TELIIN
@ TOTAL

*

storaenso

N
SUDZUCKER
—

(e
é‘?ﬁﬁ?ﬁk UNIE

YNCORIS

Industrial Services




Institute  Bj0-based Polymers & Building Blocks — the best market reports available

.. ...

Commercialisation updates on
bio-based building blocks

Bio-based building blocks
Evolution of worldwide production capacities from 2011 to 2024

[L———

Author:
Doris de Guzman, Tecnon OrbiChem, United Kingdom

Originally published February 2020

“This and other reports on the bio- and CO,-based economy are
availabie at www.bio-based.eul/reports

Standards and labels for
bio-based products

Levuiinic acid - A versatile platform

chemical for a variety of market applications

Global market dynarics, demand/supply. tronds and
market potential
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Bio-based Building Blocks and
Polymers - Global Capacities,
Production and Trends 2019-2024

Aorors.
P Socerak. fy Cometacas, Mo Canis, fotouy fatus
Do O Graman, Hanaky Kit, Actie Rscria, Jen Revenstin
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Cormprehensve trend report on PHA, PLA PUR/TPU, PA
and polymers based on FDCA and SA: Latest developments,
producers, drivers and iessons learnt
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Policies impacting bio-based
ics market

Succinic acid - From a
building block to a slow seller

What will a realistic future market look ¥ke?
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Asian markets for bio-based chemical
building blocks and polymers
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Market study on the consumption
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The most important service
of nova-Institute:

Bio-based News — Daily news on Bio-based News |
Bio-based and CO,-based

CARBON CAPTURE AND UTIUZA"ON

Economy worldwide -
Ny sites { PL ,"'—»\3\ ranulates
§DI0COI Ccilll PBS --—BQIOSBSUCS
'Algae L o
[ ]

170,000 readers monthly anol O3 ' Bio-based ,(B;’jz o

superabsorbent polymers =

EHCQGU"“H OX 58®0s

> 25,000 repor owNews ¢ |
5,000 reports i “scCU 93
 >11,600 companies e “qu'dlnnovatlon o AH

> 3,000 Twitter followers:@Biobased News

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

nova-institut GmbH

Chemiepark Knapsack
Institute Industriestrasse 300
ampusnme 50354 Hirth, Germany

www.bio-based.eu/news
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IBIB — International Directory for Bio-based Businesses

iBIB Online database

Get Search URL

Index Search

Institution

" | Associations and agencies

~ |Engineering

| R&D, certifiers and consultants

| Suppliers

Fields of activities

| Bio-based additives

| Bio-based building blocks

| Bio-based elastomers / Natural rubber

| Bio-based plastics

| Biomass supply

| Certification

~ CO2-based chemicals and materials

~ |Enzymes

| Lubricants

| Natural Fibre Composites (NFC)

" Oleochemistry

" Surfactants

| Wood-Plastics Composites (WPC) and
other cellulose-reinforced plastics

~ Other

Application area

| Agriculture and horticulture
| Automotive

" | Building and construction

Bio-based additives

| Adhesive agents / Glues

| Anti yellowing

| Binders / Emulsifiers

| Chain extenders

| Coatings / Lacquers / Finish
| Colours / Pigments

| Denesting aids

| Flame retardants

~ Impact modifiers

| Plasticizers

| Processing aids

| Protection against biological infestatic
| Stabilizers

| Other

Special properties

| Antistatic

 Biodegradable in freshwater
environment

| Biodegradable in marine environment

| Biodegradable in soil

| Breathability

| Flame retardant

| Food safe

| Home compostable

" Industrial compostable

Book now for free

More info History

Imprint

Suppliers, Engineering, Associations and Agencies, R&D, Certifiers and Consultants

of the iBIB

113 company profiles found

IR
.v.‘ i

ADVANCED
BIOCHEMICAL

Up to 50,000 downloads of

3R- ACIB GMBH ADDIPLAST ADVANCE
BIOPHOSPHATE NONWOVEN A/S
LTD.
— - oo N
) -
e .
B = ? (7,
BT

1m°

company profiles per year

= 114 companies in
the database

Lo m—— |
BELGIAN
BIOPACKAGING

BEG GROUP LLC BEOLOGIC NV BIO

AGRODOME AGROTECH AIMPLAS ALBRECHT ASSOBIOTEC
DINKELAKER
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= mEm e

BIO BASE EUROPE
PILOT PLANT

BIO-BASED
WORLD NEWS



ngﬂl_lﬁ}gﬂ European Bioeconomy in Figures
2008-2017

Authors

Olaf Pere, Nicolas Hark, Michael Carus, Lara Dammer (nova-Institut),
Dr. Dirk Carrez (BIC)

Commissioned by

Bio-based Industries

Consortium Will published in
September 2020

Free download:
www.bio-based.eu

Forestry House, Rue du Luxembourg 66, B-1000 Brussels, Belgium
info@biconsortium.eu, i i

September 2020

Stay informed:
www.bio-based.eu/email/

nova-Institute for Ecology and Innovation

Chemiepark Knapsack
Industriestraie 300
50354 Hirth

Germany

Tel. +49-2233-48-14 40

Fax +49-2233-48 14 50

Email: contact@nova-institut.de
Internet: www.nova-institute.eu

Institute

for Ecology and Innowation




Bioeconomy overall
€ 2.4 trillion

Bio-based industries
€ 0.75 trillion

Agriculture and forestry
€ 0.46 trillion

Chemicals and
plastic materials
€ 0.06 trillion

Turnover
in the EU-28

2017

Food and feed
€ 1.2 trillion

Bio-based Industries
Consortium

Bioeconomy overall
18.5 million

Bio-based industries
3.6 million

Agriculture and forestry
10.1 million

Chemicals and
. plastic materials
I I 0.18 million

Employees
in the EU-28

2017

Food and feed
4.8 million

© ﬁ-lnstitute.eu | 2020



Turnover in the bio-based economy in the
EU-28, 2017, total: 750 billion Euro*

10%
|

W Pharmaceuticals

m Chemicals and plastics

N Bioenergy
H Biofuels

™ Paper and paper products Employment in the bio-based economy

B Forest-based industry

B Textiles and textile products in the EU'28, 2017, tOtal: 3.6 mi"ion*

8%

26% B Pharmaceuticals

Bio-based Industries *excluding agriculture, forestry, fishery, food products, m Chemicals and plastics
Consortium beverages and tobacco products Prepared by —Institute.eu | 2020
M Bioenergy
M Biofuels
M Paper and paper products

M Forest-based industry

M Textiles and textile products

Bio-based Industries *excluding agriculture, forestry, fishery, food products,
Consortium beverages and tobacco products Prepared by ~Institute.eu | 2020



Contribution of NACE classes to the total product volume
of bio-based chemicals in min t, EU-28, 2008-2017

30,0

25,0

M 20.60 Man-made fibres

200 m 20.59 Other chemical products
’

W 20.53 Essential oils

20.52 Glues

15,0
W 20.41 Soap and detergents etc.

m 20.30 Paints, varnishes etc.
10,0

| 20.20 Pesticides & other agrochem. products

m 20.16 Plastics in primary forms

Bio-based product volume (Min t)

Bio-based shares in the product value of
m 20.15 Fertilizers

20 o R chemicals and chemical products
m 20. ther organic basic chemicals e e .
(NACE division 20)*, EU-28, 2008-2017
M 20.12 Dyes and pigments Bio-based share in the
0'0 20% organic part:

14.9% in 2017

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Bio-based Industries
Consortium Prepared by — Institute.eu | 2020

18%

15%
13% /_—/———/

10% Overall bio-based share:

7.5%in 2017
- /__._._._"—'—‘/——‘.

5%

Bio-based share in product value

3%

0%
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Bio-based Industries
_11_ Consortium * excluding biodiesel and bioethanol Prepared by - Institute.eu | 2020
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hstitte  SUMMer survey 2020 by nova and COWI

renewable-cat

First survey on the existing of renewable carbon in the chemical industry and sent a
guestionnaire to the 50 largest chemical companies producing in Europe. About 20% of the
companies returned the completed questionnaire. “What is the share of the different carbon sources
in the total carbon use in your European production?”

The results of the survey clustered chemical companies by their branch and share of renewable carbon into the
following four groups:

« Traditional petrochemical companies show renewable carbon shares of 1-5%
» Several wood-based chemical companies show renewable shares of 80-90%

* In between is a group of mainly chemical companies with a traditional focus on plant oils and animal fats
showing 40-50% renewable carbon shares

* Notably, a small number of petrochemical companies, which had renewable carbon shares of <1% in the
past, already developed to shares around 20%

Currently, the largest share of renewable carbon is provided via biomass from agriculture and forestry, but recycling
shares are increasing and the utilisation of CO, begins in a serious way. Most of the chemical companies have
already or are currently developing concepts and strategies to increase the share of renewable carbon.

nova-Institute and COWI estimate that the current average renewable carbon share in the European chemical
and plastic industry lies between 20 and 25% — 15% from biomass and 5-10% from recycling.

nova-institute 12— www.bio-based.eu



ﬁ!ﬁmﬁ Market trends

High growth areas

o Fine Chemicals CAGR >5%:
Body care, detergents, cosmetics,
pharma

o Cellulose Fibres: CAGR 5-10%

o Bio-based Naphtha, high demand

nova-institute

Average growth

¢ Bio-based polymers CAGR 3-4%
(such as fossil-based)

o No political support (except R&D),
but barriers (SUPD)

-13- www.bio-based.eu ~
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Bio-based Building Blocks and
Polymers - Global Capacities,
Production and Trends 2019-2024

nova-Institute
Raj Chinthapalli Wolfgang Baltus
nova-Institute Wobalt Expedition Consult

ncy ==

nova Biopolymer
Expert Group

il
SAS
\;.3."

Prof. Jan Ravenstijn
Jan Ravenstijn Consulting =

* Published in January

« Data for 2019

379 pages

« 18 bio-based building blocks and 17
o R —— polymers

Doris de Guzman, Harald Kéab, Achim Raschka, Jan Ravenstijn .
« 170 company profiles

This and other reports on the bio- and CO,- based economy are

available at www.bio-based.eu/reports L 3 y O O O € - WWW_ b I O = b aS e d . e U/re p O rtS

14



http://www.bio-based.eu/reports

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

Crude Qil / Naphtha
Natura| GaS/ Methane ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ argjhg:::iycrzlesrs
Coal / Syngas / FT v v

Drop-ins Smart drop-ins
EPDM Epoxy resins
PE PA
PET PBAT @
PP PBS (X) @
PTT
PUR - based on other polyols than NOPs

Dedicated

CA @

PEF

PHAs @

PLA ®

PUR - based on NOPs

Starch - containing polymer compounds @ -
@ biodegradable polymers

All figures available at www.bio-based.eu/markets © &-Insﬁtute.eu | 2020
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Bio-based Polymers — Global Market in 2019

Turbulent times for bio-based polymers in 2019:

 PLA sold out despite expansion, as did PHA.

« Bio-based PP available for the first time, increased production of PBAT, PBS, bio-based PE, starch-
containing polymer compounds and epoxy resins.

« Lower production is seen particularly in bio-based PET.

« Lack of support from policy makers, who are taking bio-based and biodegradable plastics into collective
punishment with fossil plastics in the Plastic Policy.

« In 2019, the total production volume of bio-based polymers was 3.8 million tonnes, which is 1% of
the production volume of fossil-based polymers and about 3% more than in 2018 — this CAGR is
expected to continue until 2024.

« The major biomass feedstock used for bio-based polymer production are biogenic by-products (47%),

especially the by-product glycerol from the biodiesel production, used for epoxy resin production‘
16



Bio-based polymers production capacities in 2019 and 2024
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All figures available at www.bio-based.eu/markets

I Aliphatic polycarbonates (APC)
B Casein polymers
B Cellulose acetate (CA)

Epoxy resins

Ethylene propylene diene monomer rubber (EPDM)
Polyamides (PA)

Poly(butylene adipate-co-terephthalate) (PBAT)
Polybutylene succinate (PBS) and copolymers
Polyethylene (PE)

Polyethylene furanoate (PEF)

Polyethylene terephthalate (PET)
Polyhydroxyalkanoates (PHA)

Polylactic acid (PLA)

Polypropylene (PP)

Polytrimethylene terephthalate (PTT)
Polyurethanes (PUR)

Starch-containing polymer compounds

© ﬁ-lnstitute.eu | 2020




5.0 Mt Biomass Feedstock for 3.6* Mt Bio-based Polymers
(with a 43% bio-based share) in 2019 — worldwide

Edible plant oil 1%
Non-edible plant oil

Cellulose

Biogenic by-products

Starch

All figures available at www.bio-based.eu/markets *excluding fossil-based PBAT and PBS © ﬁ-lnstitute.eu | 2020



Global production capacities of bio-based polymers by region in 2019 and 2024
(excluding cellulose acetate, epoxy resins and polyurethanes)

1% <1%

45% 43%

B America - North
0 America - South

" Oceania

All figures available at www.bio-based.eu/markets © &-Institute.eu | 2020
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Bio-naphtha for PE and PP — bio-based or biomass
balance approach, according to customers request

In 2019, Neste, UPM and Eni produced a total volume of bio-naphtha for use as chemical
feedstock in Europe of between 100 and 150 ktpa, which means a share of about 0.3% of the total
consumption of naphtha in Europe (43 mtpa). Diamond Green Diesel is the largest HVO processor in the USA

Different value chains as an example:
* Neste bio-naphtha based on used cooking oil and animal fat (Singapore)

Neste’s bio-based naphtha supply to LyondellBasell for bio-based PE and PP (Wesseling close Cologne, Germany),
customers: IKEA ...

Neste’s bio-based propane supply to Borealis for bio-based PP (Kallo and Beringen, Belgium; biomass balance approach
(first) and later bio-based), customers: Henkel (for packaging) ...

« UPM BioVerno: bio-naphtha based on tall oil (wood pulp by-product) (Lappeenranta, Finland)

UPM’s bio-based naphtha supply to Dow for bio-PE, bio-based and biomass balance approach (Terneuzen, the
Netherlands), customers: Elopak (packaging) ...

UPM'‘s bio-based naphtha supply to INEOS for bio-PVC based on biomass balance approach (Cologne, Germany)

UPM'’s bio-based naphtha supply to SABIC for ethylene (TRUCIRCLE™) -> DSM Dyneema® high performance
fibres (biomass balance approach) (SABIC and DSM production in the Netherlands)

UPM'’s bio-based naphtha supply to iQ Natural vinyl flooring (SE)(“Biovyn™ )

« SABIC bio-ethylene for Vynova for bio-PVC (Beek (The Netherlands) and Mazingarbe (France)), and for
DSM Dyneema'’s high-performance fibres (both based on mass balance approach)
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RENEWABLE CARBON

entails all carbon sources that avoid or substitute the use of any
/ \ additional fossil carbon from the geosphere. Renewable carbon can

come from the atmosphere, biosphere or technosphere — but not from

RENEWABLE the geosphere. Renewable carbon circulates between biosphere,

c A R B 0 N atmosphere or technosphere, creating a

. Fossil carbon shall be completely substituted by renewable carbon,
ﬂ co : \ which is carbon from alternative sources: biomass, COz and recycling.
s - This is the only way for chemicals and plastics to become sustainable,

climate-friendly and part of the circular economy - part of the future!

www.renewable-carbon.eu

www.renewable-carbon-initiative.com



World Plastic Production and Carbon Feedstock
in 2018 and Scenario for 2050 (in Million Tonnes)

1200+ 1,200 Mt
3 1,000-
s 8004 & 750 Mt Recycling
- &
=
E 600 -
§ Recycling 36 Mt 400 Mt
E 4001 Bio-based 4 Mit 135 Mt Bio-based
2004 C0,-based <0.5 Mt
Fossil-based 360 Mt 315 Mt CO,-based
2018 2050

The virgin plastic production of 364 Million t in 2018 will increase to 450 Million t in 2050, completely based on
renewable carbon. The total demand for plastics of 1,200 Million t in 2050 will be mainly covered by recycling.

All figures available at www.bio-based.eu/graphics © &-Institute.eu | 2020



Ways to Use CO: for Polymers

Several educts

Chemo-catalytic reaction

B

Different intermediates

Epoxides:

Propylene oxide,
Ethylene oxide,
Limonene-based epoxide

Alcohol:
Glycerol, others

Polyesters, Polyureas,
Non-isocyanate polyurethanes (NIPU),
others

Chemo-catalytic reaction

Olefins:
Ethylene

Cyclic/acyclic carbonates:
Glycerol carbonate, others

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

Cycloaliphatic polycarbonates:
Polylimonene carbonate

Aromatic polycarbonates

B |,
By

Renewable energy

—>

Water -> Hydrogen

Bisphenol A

: : Isocyanates

Chemo-catalytic reaction — Polyurethanes (PUR), others
— Polyols
—p Sodium acrylate > Polyacrylates
Syngas production Fischer-Tropsch a?—b Naphtha Polyolefins:
I Polyethylene (PE), Polypropylene (PP), others

Methanol production a?—b Olefins: yery (PE), Polypropy PP

/R

Ethylene, Propylene

/

g

Fermentation
Electrofermentation

By,
o

Polyhydroxyalkanaoates (PHA)

Polylactic acid (PLA),
Polybutylene succinate (PBS(X))

>

P Lactic acid, Succinic acid, AdipiC aCi(l |—
Ethanol, Butanol, Isobutanol, others

—>

Electro-chemistry

f

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

Monoethylene glycol (MEG), Ethylene,
others

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

© ﬁ-lnstitute.eu | 2020
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THE RENEWABLE CARBON INITIATIVE

lead by nova-Institute is launched in September 2020.

/ \ of the initiative is to support and speed up the transition from
fossil carbon to renewable carbon for all organic chemicals and
RENEWABLE il J

CA R B 0 N The Renewable Carbon Initiative addresses the core problem of climate

N IT IAT I\IE change, which is extracting and using additional fossil carbon from the
ground that will eventually end up in the atmosphere. Companies are
co encouraged to focus on phasing out fossil resources and to use

renewable carbon instead.

bl bon-initiative. . . .
s The initiative wants to drive this message, initiating further actions by

bringing stakeholders together, providing information and shaping
policy to strive for a climate-neutral circular economy.

www.renewable-carbon-initiative.com
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INITIATIVE
{ &/ |co ]\

3\

Board Member

BOARD MEMBERS OF THE INITIATIVE

Beiersdorf (W) 2unese: coves)
N’

NESTE ﬁ | Lenzing LanzaTech®
© afanl * umoroRE 3
SHV ENERGY U mﬂww

More than 100 personal supporters from the industrial and research
sectors back the initiative! Please join the initiative as member, partner
or personal supporter.

www.renewable-carbon-initiative.com



Renewable Energy and Renewable Carbon
for a Sustainable Future
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All figures available at www.bio-based.eu/graphics © ﬁ-lnstitute.eu | 2019
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Save the Date!

. /_ nd
nova Session pi
“EU Circular Economy and Plastic Policy” International Conference on
\/ LLULOSE FIBRES
13 October 2020, online Institute 2-3 February 2021, Cologne (Germany)

9th Conference on

Carbon Dioxide t -

as Feedstock for 1st Renewable Materials Conference
2 Fuels, Chemistry

and Polymers

18-20 May 2021 ﬁ. |
23 -24 March 2021, Maternushaus, Cologne (Germany) CHAL

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

Sustainability

Dipl.-Phys. Michael Carus
+49 (0) 2233 48 14-40
michael.carus@nova-institut.de

Bio-based economy

Markets & marketing » |
Sustainability & policy www.bio-based.eu




