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Why are we approaching the Policy Makers?

Backbone of
European industry!

h Discuss the future of the chemical and material industry in Europe

Introduce the idea of renewable carbon and how it is the perfect guiding
principle for a green transition, in line with the European Green Deal and

RENEWABLE NextGenerationEU
CARBON

[ NN

Encourage and advocate policy in order to enable and support the sector’s
transition

RENEWABLE
CARBON



Challenges we want to address with
Renewable Carbon

« The chemical industry in Europe is confronted with massive challenges
‘\;’ Sustainability Ukraine Crisis

- Raw materials and output resilience
.’-

»

Public image and acceptance

Biggest industrial transformation since industrial revolution

RENEWABLE
CARBON



~2/3 of the GHG
footprint of chemicals

The invisible carbon footprint S frain e

carbon embedded in
the molecules

Ethylene Propylene I\ﬁutadiene
68% 68% 713%
Benzene %uene R;j(ylene
65% 713% 70%

B embedded production

Ethylene, propylene, butadiene - Calculations by nova-Institute
All figures available at www.bio-based.eu/markets Benzene, toluene, p-xylene - Source: BioBTX © -Institute.eu | 2019




Renewable carbon concept on one slide

« 72% from the GHG emissions come from additional fossil carbon from the ground

« Decarbonisation with renewable energies is a good strategy for the energy sector, but
not for chemicals and materials, because most of them are based on carbon (just like
humans ©).

« There is a lasting and even increasing need for carbon for chemicals and materials.
» The key challenge is to cover the demand for carbon by alternative carbon sources.

» Those alternative carbon sources are biomass, CO, and recycling of carbon containing
waste streams (bio and plastic waste) — we need them all together to replace fossil carbon.
We call them “renewable carbon™.

* The equivalent to decarbonisation in the energy sector is a transition to renewable
carbon in the chemical and material industries. And both mean defossilisation.

RENEWABLE
CARBON



GHG emissions overview

Figure ES.1. Global GHG emissions from all sources
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RENEWABLE CARBON CO: Carbon from

entails all carbon sources that avoid or substitute the use of any Biomass above the

additional fossil carbon from the geosphere. Recycling ground

Renewable carbon can come from the atmosphere, biosphere or

technosphere — but not from the geosphere. Renewable carbon Crude Ol Carbon from

circulates between biosphere, atmosphere or technosphere, creating a Natural Gas below the
Coal ground

Responsible for ~70%
of human-made GHG
emissions

RENEWABLE
CARBON



Global Carbon Demand for Chemicals and Materials by Sectors
Total: 814 Mt embedded C/yr - Reference Years: 2015 - 2020

Textiles (natural)

2
14 Mt embedded C/y ‘
Pulp & Paper @

L6 Mt embedded C/y

%

Wood Construction Chemicals &
& Furniture Derived Materials

304 Mt embedded C/y 450 Mt embedded C/y

available at www.renewable-carbon.eu/graphics © ﬁ-lnstitute.eu | 2021



Global Carbon Demand for Organic
Chemicals and Derived Materials
by Type of Feedstock

Total: 450 Mt embedded C/ur

Reference Years: 2015 - 2020

Main Sources: Piotrowski et al. (2015), Hundertmark et al. (2018),

Levi and Cullen (2018), Skoczinski et al. (2021)
available at www.renewable-carbon.eu/graphics © -Institute.eu | 2021




Global Carbon Demand for Organic
Chemicals and Derived Materials
by Product Group

Total: 450 Mt embedded C/yr

" Fossil-based
B Bio-based

" Recycling

59%
owents, Deterge
E pdditives, e, nts,
63%
Thermoplastics

Reference Years: 2015 - 2020

Main Sources: Piotrowski et al. (2015), Hundertmark et al. (2018),
Levi and Cullen (2018), Skoczinski et al. (2021)
© -Institute.eu | 2021

available at www.renewable-carbon.eu/graphics




Embedded Carbon Demand for Main Sector
Today (2015-2020) and Scenario for 2050 (in million tonnes of embedded carbon)
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Global Carbon Demand for Chemicals and Derived Materials
in 2020 and Scenario for 2050 (in million tonnes of embedded carbon)

Bio-based 10 %
C0,-based <0.5 %
Recycling 5%
Fossil-based 84 %
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Joel A. Tickner, Ken
Geiser & Stephanie
Baima (2022)
Transitioning the
Chemical Industry:
Elements of a Roadmap
Toward Sustainable
Chemicals and

Materials, Environment:

Science and Policy for
Sustainable
Development

Energy Conversion
The industry should minimize
its process energy require-
ments and transition from
fossil fuels to renewables.

Five Conversion Strategies
To Transition the Chemical Industry
Toward Sustainability

Feedstock
Substitution

The industry should sharply
reduce fossil fuel use for
feedstocks in the production
of chemicals, while building
supplies of alternative
sustainable, renewable
feedstocks.

Molecular Redesign

The industry should develop
innovative, new platform
and tunable chemistries
based on the principles

of green chemistry and
engineering.

Source: David Gerratt/DG Communications.

Production

Process Redesign
Chemical manufacturing
processes should be redesigned
to use renewable feedstocks,
minimize adverse impacts,

and work within more flexible,
distributed, and resilient
manufacturing operations.

Downstream

Product Redesign
Product design and delivery
should be reimagined so that
products are more circular,
use safer chemistries, and
have lower adverse impacts
through their lifecycle.



Figure 5. The flows of chemical production from fossil
resources versus renewable feedstocks.

Today's processes and materials (Figure 1
Embedded energy and embedded material and waste generation - ysp ASATgED

. : - . ' n . @ Tomorrow’s processes and materials (Figure 1)
Higher cost, including externalities from environmental impact. Higher environmental impact.

Chemical

Fossil functionalization Building Commodity Specialty —F
blocks — > chemicals ————— chemicals —— Functions

\ Societal needs
\ Safe food supply,
. : health and
Chemical complexity

hygiene,
transportation,
New

housing,
building blocks recreation,
5 i - ity - ity / communications,
| resources ™ chemicals ™ chemicals =~ New functions L

Embedded energy and embedded material and waste generation

Lower cost, including externalities from environmental impact.
Lower environmental impact.




Renewable Carbon Refinery

INTERMEDIATES

Ethylene CL4 stream Propylene Benzene g Toluene
OLEFINS AROMATICS

R

BTX Extraction [ Methanol-to-Gasoline ]

Methanol-to-Olefins

Methanol

Steam Cracking

Dehydrogenation [ Steam Cracking ] [ Catalytic Reforming ]

Dehydration I
C — i Propane/LPG Naphtha
and Condansation

Methane

Fischer-Tropsch

Fermentation
and Dehydration Refining

Catalyticor
Huydrolysis and Hydro- Thermochemical

Fermentation deoxygenation H gdrogenated Conversion Upgrading

Vegetable Oils (HVO)
)| | Carbohydrates m / Biodiesel m

; Fermentation I | Hgdrogenatlonl
l Solvent-based l co / COZ / HZ Pyrolysis

Gasification Gasification Gasification

Waste (Biogenic and Plastic)

available at www.renewable-carbon.eu/graphics © ﬁ-lnstitute.eu | 2022




Bio-based polymers
Evolution of worldwide production capacities from 2018 to 2026

10

[ Aliphatic polycarbonates (APC) — cyclic

- Aliphatic polycarbonates (APC) — linear

I Casein polymers

[ Cellulose acetate (CA)

[ Epoxy resins

[/ Ethylene propylene diene monomer rubber (EPDM)
Polyamides (PA) &

[0 Poly(butylene adipate-co-terephthalate) (PBAT) *

* Polybutylene succinate (PBS) and copolymers *

I Polyethylene (PE)

I Polyethylene furanoate (PEF)

© Polyethylene terephthalate (PET)

B Polyhydroxyalkanoates (PHA) A

10 Polylactic acid (PLA) Y&

" Polypropylene (PP) v

I Polytrimethylene terephthalate (PTT)

I Polyurethanes (PUR)

0 I Starch-containing polymer compounds
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Carbon Dioxide Utilisation and Renewable Energy

& B =

RENEWABLE ENERGY

® Capture from air
Q v e or industrial point
— ] sources (TRL 9)

CARBON CAPTURE

Electrolysis
“ ”2 | (TRL9, PEMTRL 8)

HYDROGEN

el CHEMICAL CONVERSION l

Syngas

v

Fischer-Tropsch Synthesis

(TRL 9)

All kind of synthetic fuels
(gasoline, diesel, kerosene)

naphtha, waxes and starting point

for chemicals and polymers

Hydrogenation (TRL 9)

Methane, methanol fuels
and starting point for
chemicals and polymers

Electrochemistry (TRL 3-5)
and other chemical
transformations (TRL 7-9)

l

Different chemicals
and polymers

Artificial Photosynthesis:
Photocatalytic water splitting
(TRL 4-5)

Hybrid system of proteins and
photocatalytic system (TRL 2-3)

\

Different chemicals
and synthetic fuels

INERATEC (DE)
NewCO2Fuels (IL)
Nordic Blue Crude (NO)

Audi AG (DE)
bse engineering (DE)
CRI (IS)

Avantium (NL)
Covestro (DE)
Opus 12 (US)

Dimensional Energy (US)
Evonik and Siemens (DE)

available at www.renewable-carbon.eu/graphics

\/

Natural Photosynthesis

|

Crops, algae, microalgae,
cyanobacteria

l

Photosystem Il + Photosystem |

Biomass, glucose, ethanol
and others
for fuels and chemicals (TRL 7-9)

J BIOTECHNOLOGICAL CONVERSION

Syngas

‘

Ly

Bacterial and other
microbial systems

v

Acetogenic bacteria, methanogenic
archaea (genetically modified
and unmodified)

v

Fermentation and
gasfermentation (TRL 9),
electrofermentation (TRL 4-5)

\

Ethanol, isobutanol for fuels
and chemicals (TRL 9),
for methane (TRL 9),
for polymers and proteins (TRL 5-7)

Algenol Biotech (US)
Cellana (US)
Photanol (NL)

Deep Branch Technology (UK)
Electrochaea (DE)
LanzaTech (US)

© ﬁ-lnstitute.eu | 2021




Comprehensive Concept of Circular Economy

METALS & MINERALS

{ 1
{ ELECTRICITY }

MINERALS

RAW PRODUCT TRADE/ PRODUCT PRODUCT ENERGY

METALS MATERIAL MANUFACTURE 4 DISTRIBUTION USE seliaeion. END OF LIFE RECOVERY

BIOMASS

CO,

reuse/redistribute

remanufacture

recyclmg

organic recycling ﬂ BIODEGRADABLES

CO recyclmg

landfill 4—)

WASTE HIERARCHY

available at www.renewable-carbon.eu/graphics © ﬁ-lnstitute.eu | 2021




SCENARIO FOR THE PLASTICINDUSTRY 2050

bio-based 10%

CO.-based 20%

recycling-based 70%

fossil-based 0% |L

-10%
losses in
recycling

4 The renewable carbon
concept enables to
close economic cycles o
with non-fossil -10%
losses in

\ feedstocks collection

available at www.renewable-carbon.eu/graphics

-10%
losses in
production

RENEWABLE
CARBON
CYCLE

© ﬁ-lnstitute.eu | 2021



Next Generation EU will be rolled out under three pillars:

( Increased resilience )

Investing in a green, digital and resilient Europe

due to lower
dependence on fossil

* Recovery and Resilience Facility

= Recovery Assistance for Cohesion and
the Territories of Europe - REACT-EU

* Reinforced rural development
programmes

= Reinforced Just Transition Mechanism

/  Within European Semester framework

!

= Supporting investments and reforms
* Supporting a just transition

g F{enewableg)onR
strengthens European

raw material providers
\ (e.g. farmers) )

________

. feedsto{/_) 2
(7

’
-

* Solvency Support Instrument
= Strategic Investment Facility
= Strengthened InvestEU programme

Biofuel producers and

farmers can become

chemical raw material
providers

= Supporting key sectors and
technologies

ting in key value chains

y support for viable companies

[P p———

Support chemical
industry and continue
to pioneer technology

Learning the
lessons from
the crisis

f’l
=i
RC principle

guides
innovation

* New Health programme

= Reinforced rescEU

» Reinforced programmes for
research, innovation and external
action

= Supporting key programmes for
future crises
= Supporting global partners

Africa—EU: solar 1

H, & CO, (CCU)

=eirce: European Commission




Addressing “invisible”
carbon footprint

Increasing the EU’s Climate
ambition for 2030 and 2050

/

Supplying clean, affordable
and secure energy
I

Mobilising industry
for a clean and circular economy

Flexible framework for | elile e ER e i
the industry to identify 1ergy and resource efficient way

best solutions

Financing the transition

TheEU asa
global leader

l

e
Waste, wastewater and

Mobilising resear

and fosteringinnoy, industrial off-gases as
new raw materials
Transforming the =\

EU’s economy fora
sustainable future

A zero pollution ambition
for a toxic-free environment

Preserving and restoring

ecosystems and biodiversity

From ‘Farm to Fork’: a fair,
healthy and environmentally
friendly food system

Accelerating the shift to

e g Farmers as Chelmlcal
feedstock providers

Leave no one behind
(Just Transition)

E-Methane could
replace natural
gas

A European
Climate Pact




Now is a historic opportunity to shape the
future of the chemical industry

Pressure from climate
change

<
» Conformity with the goals
of the Paris Agreement

* Public attention
« Science-based targets

The economic landscape
and demand for (usually
fossil-derived) carbon is

changing drastically

;[

energy and chemicals
transport and
materials

Large refineries are
currently planning heavy
adaptations

15% of feedstock into
chemicals today = 80% of
feedstock into chemicals in

2050

Big opportunity to

Desire to become less
dependent on fossil fuel
exporting countries

Locally sourced
feedstocks

Upscale African-
European cooperation

(solar energy)

support a shift to

renewable feedstock!

RENEWABLE
CARBON




Carbon as a
feedstock has
been politically

What we are advising for (1/3) ignored until now

Renewable carbon & carbon management must become integral parts of policies and targets:

renewasLe | Utilise the renewable carbon concept as guiding principle for
CARBON - . - .
sustainable development in the chemical and material sector

Decouple the

Overarching transformation strategy for this historical transformation of SEEEEIEEL

. . industry from
chemicals and materials to renewable carbon petro

M

A S §

Comprehensive political support, design and backing for this transformation

T Level playing field between energy and chemicals & materials,
" | harmonisation between different DGs

RENEWABLE
CARBON



What we are advising for (2/3)

Support the transformation of the chemical industry in particular through:

i Maintain and strengthen the existing chemical infrastructure (in particular
;iﬁ the large chemical refineries and verbund sites) by supporting and steering the
transition (e.g. include CCU in supportive regulation)

@ Massively expand renewable energy and green hydrogen grids,

~7 | Consider supporting actions for market access (like quotas) to help scale-up

|
“Marshall plan” for a high volume production of PV in Europe
il products based on renewable carbon

E

RENEWABLE
CARBON



What we are advising for (3/3)

Think long-term and consider sustainability and climate targets:

6{§§3)

-
74

i

CCU with renewable energy is a highly feasible C-feedstock for the industry.
Include CCU in policy and regulation so required innovation and development
can happen

Consider a possible transformation of the biofuel value chain into a chemical
supplier value chain

Include scope 3 emissions in climate policy to truly become carbon-neutral

Openness towards and acceptance of new technologies and concepts such
as chemical recycling and the mass balance approach

CARBON /n\




Renewable Energy and Renewable Carbon
for a Sustainable Future
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michael.carus(@nova-institut.de

Shape the Future of the Chemical
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Executive Manager

christopher.vomberg@nova-institut.de
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Activities of the RCI

« Outreach activities to make RCI and the RC concept better known
 Website
 Webinars and Presentations "
* Press releases
 Library (with presentations, graphics, comics)

* Networking and Exchange between members
Renewable Carbon Community platform

2 annual meetings / year (1 online, 1 on-site)
Quarterly internal newsletter

Many activities between member companies have been
initiated after they joined RCI




Activities of the RCI

* Workings Groups with all involvement of members

Policy - Policy factsheets, position paper, short-term response to public
consultations

Labelling &> Development of Renewable Carbon Share (RCS) Certification & Label

Sustainability > Just kicked off, initially looking at LCA methodology (PEF, JRC
recommendations, harmonisation)

Recycling = to be kicked off in June
Further groups are always possible

« Advocating the RC concept to policy-makers at EU level @

Connecting with relevant stakeholders in Brussels ® ; ®
Visits to several DGs, EP, main associations '-‘
Under consideration: RCI Workshop(s) with member in Brussels

!

* Increasing participation in feedback processes, public consultations, stakeholder meetings, etc.



Work flow within RCI

* Providing background information, literature and knowledge

« Paper on Renewable Carbon as Guiding principle for Sustainable Carbon
Cycles

- Different high-level reports on the mitigation potential of CCU with renewable energy,
Carbon Flows in the World and in Europe, LCA (JRC methodology on alternative plastic
feedstocks), CCU vs. CCS vs. PV, Food vs. Non-Food

* Fact sheets on different regulations with impact on renewable carbon
 Definitions and Glossary on the website

A

 Scientific reports

- Usually led by nova = Preparing the general scope, draft, realisation and final layouting of
the report

 Members are involved throughout the steps (e.g. via the working groups, if a specific topic

fits to a working group) = Involvement ranges from very active members to
members that are just happy to be onboard
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Renewable Carbon as
a Guiding Principle for
Sustainable Carbon Cycles

Why it is right to choose renewable carbon
as a guiding principle for sustainable development
in the chemicals and materials sectors

A paper of the Renewable Carbon Initiative

The Renewable Carbon Initiative (RCI)
is an interest group of more than

30 well-known companies founded

in September 2020

vom Berg, C. and Carus, M. et al. 2022:

Renewable Carbon as a Guiding Principle for Sustainable
Carbon Cycles.

41 pages.

Editor: Renewable Carbon Initiative (RCI)

Febr. 2022. Available at: www.renewable-carbon-
initiative.com



http://www.renewable-carbon-initiative.com/

RENEWABLE
CARBON
INITIATIVE
REPORT

RENEWABLE

CARBON
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Kahler, F. and Carus, M. et al. 2022:

CO; reduction potential of the chemical

industry through CCU CO, Reduction Potential of the Chemical Industry

Through CCU.

. 28 pages.
A simplified exploratory scenario for CCU-based supply
of embedded carbon for the global chemicals and derived
materials sector A combined paper of RCI, CO, Value Europe and nova-
Institute

A paper of the Renewable Carbon Initiative,

C02VALUE . o o
CO, Value Europe and nova-Institute QJ) FUROPE &l_ﬁﬁ@ﬁ Wl” be pUthhEd |n May ZOZZ.

The Renewable Carbon Initiative (RCI)
is an interest group of more than

i etomber 2030 rounee Available at:
www.renewable-carbon-initiative.com




Energy demand for carbon capture

Heat + Electricit

_ Ammonia plant (von der Assen et al. 2016) 114 kWh
Point source, pure CO, _ _ .

Bioethanol fermentation plants (Mdller et al. 2020) 120 kWh

Market pulp mills (von der Assen et al. 2016) 286 kWh

Coal power plant (von der Assen et al. 2016) 339 kWh

Point source Gas power plant (von der Assen et al. 2016) 444 kWh

Integrated pulp and paper mills (von der Assen et al. 2016) 447 kWh

Cement (von der Assen et al. 2016) 956 kWh

Direct air capture, future  Temperature-vacuum swing adsorption (Deutz and Bardow 2021) 1111 kWh

_ _ - (von der Assen et al. 2016) 1522 kWh

Direct air capture _ )
Temperature-vacuum swing adsorption (Deutz and Bardow 2021) 2006 kWh

 Assumption: 1,000 kWh /t CO, (DAC + point sources)



Fossil-based Feedstock Supply

Fossil
Feedstock

CO, Emissions From Embedded Carbon in Chemicals

Process
Energy
(out of scope)

co,

A

From Embedded

Carbon at End of Life

ks

available at www.renewable-carbon.eu/graphics

Chemical
Industry

CCU-based Feedstock Supply

f

CO, from Atmosphere

or Point Sources

|

#

Renewable
Electricity
Production

4

Methanol
Production
Through CCU

Process
Energy
(out of scope)

Only Embedded
Renewable Carbon

ks

Chemical
Industry

© ﬁ-lnstitute.eu | 2022




Emission Reduction Potential for Replacing
Fossil Feedstock with CCU-based Methanol

Fossil PV, PV, Widely decarbonised Fully decarbonised
Reference Germany, Southern Europe, Renewable Energy, Renewable Energy,
today today 2050 2050

available at www.renewable-carbon.eu/graphics © ﬁ-lnstitute.eu | 2022




Absolute electricity demand and emission

reduction potential

Global carbon demand today: 450 Mt C
(embedded carbon for chemicals)

2050 scenario: 1,000 Mt C

To supply 1,000 Mt C
* 10,900 kWh / tmethanol
« 29 PWhg, / year is required
* 117,000 km2 desert area is required
* 1.3% of the Sahara desert

Using completely decarbonised
renewable energy, the reduction potential
is 3.7 Gt CO, / year

Global CO, emissions today: 55 Gt CO, /
year

G

—~

e

_.-v:.; -5 » o
3 23e 2 .
3 i

"~ 117,000 km?

e v




Carbon flows in the EU-27 economy

Biomass and Fossil Resources, Recycling and CCU to be included

Domestic biomass
production: 423 Mt C

Crops: 231 MtC
Grazed BM: 43 Mt C
Residues: 44 Mt C

Wood: 106 Mt C

Livestock: 200 Mt C

Imports: 1028 Mt C

Plant-based import.: 56 Mt C
Animal-based import.: 9MtC
Wood import.: 7 Mt C

Coal import.: 70 Mt C
Natural gas import.: 240 Mt C
Oil import.: 647 Mt C

Fossil feedstock:
h 1098 Mt C
Domestic fossi
production: 141 Mt C
Coal: 93 Mt C
Natural gas: 30 Mt C

Oil: 18 Mt C

Total supply: 1664 Mt C

Reference year: 2018

Differences in Supply and Demand due to losses and data inconsistencies
Sources: nova-Institute, Eurostat (2022), JRC (2022)

Biomaterials: 67 Mt C

. Chemical industry: 5 Mt C
ergy use: 73 Mt G

Food: 63 Mt C

- Plant-based food: 46 Mt C
Animal-based food: 17 Mt C

Material Sector: 140 Mt C

Construction and furniture: 40 Mt C
Paper and pulp industry: 21 Mt C
Textiles (Natural fibres): 1 Mt C

Bio-based feedstock: 5 Mt C
Fossil feedstock: 60 Mt C

Bitumen: 11 Mt C The

Lubricants: 3 Mt C

Paraffin waxes: 0 Mt C RCI/CVD/nova
Energy: 351 Mt C report on carbon
Biomass (Energy): 121 Mt C .
Fossil (Energy): 230 Mt C flows will be
Transport: 204 Mt C publlshed after
Biomass (Transport): 6 Mt C the summer
Fossil (Transport): 197 Mt C

break

Exports: 384 Mt C
Animal-based export.: 25 Mt C
Plant-based export.: 41 Mt C
Wood export.: 12 Mt C

Fossil export.: 307 Mt C

Total demand: 1343 Mt C
(including export)
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ACCESS NETWORKING

Members receive intimate information about RCI activities, Nobody can do it alone! Together with other RCI members
strategies and budget allocations. you will create an eco-system for renewable carbon solutions

- the renewable carbon community. All RCI members meet
twice a year, once in person, once online.

DISCOUNT ADVANTAGE

Members get discounts for selected partner events and
selected studies.

JOINT RESEARCH
Members will be informed about upcoming research calls
and the renewable carbon community will serve as a pool for

project partners. Members can commission joint market and
technology reports.

BECOME A MEMBER OF THE RENEWABLE CARBON INITIATIVE AND SHAPE THE FUTURE OF THE CHEMICAL INDUSTRY

Join now!

renewable-carbon-initiative.com

 LE-10,000 €/year
" SME - 5,000 €/year

" Start-Ups - 2,000 €/year
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