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Investing in Renewable Carbon
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INTERMEDIATES
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Steam Cracking

Dehydrogenation
Dehydration
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Steam Cracking Catalytic Reforming

Dehydrogenation
and Condensation

Partial Oxidation

Methane

Fischer-Tropsch

Fermentation
and Dehydration

Refining

Catalyticor
Huydrolysis and Hydro- Thermochemical
Fermentation deoxygenation H gd rogenated Reforming Conversion Upgrading

Vegetable Oils (HVO)
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CO/ COZ/ H, [ Pyrolysis ] m
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Waste (Biogenic and Plastic)

https://renewable-carbon-initiative.com/
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1: equivalent to conventional methods

1: No carbon emission from the process

SRS

Carbon footprint of process

1: equivalent to conventional methods

.

Performance comparison

1: no constraint on raw material supply

Availability (minimum viable scale - MVS)
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O[S - Captgre t".o'I“ air i I}:[I < | Electrolysis O
) or industrial poin — *
i 1K sources (TRL 9) 2 (TRL 9, PEM TRL 8)
CARBON CAPTURE HYDROGEN RENEWABLE ENERGY
CHEMICAL CONVERSION — — BIOTECHNOLOGICAL CONVERSION

[ Syngas l
— Lk . Ly
Natural Photosynthesis Bacterial and other
l microbial systems ‘
[ Syngas ] Crops, algae, microalgae, Acetogenic bacteria, methanogenic
cyanobacteria archaea (genetically modified
* and unmodified)
Fischer-Tropsch Synthesis Hydrogenation (TRL 9) l Electrochemistry (TRL 3-5) Artificial Photosynthesis: *
(TRL 9) ‘ and other chemical Photocatalytic water splitting Fermentation and
transformations (TRL 7-9) (TRL 4-5) Photosystem Il + Photosystem | gasfermentation (TRL 9),
Hybrid system of proteins and electrofermentation (TRL 4-5)
photocatalytic system (TRL 2-3) *
All kind of synthetic fuels * Ethanol, isobutanol for fuels
(gasoline, diesel, kerosene) Methane, methanol fuels Biomass, glucose, ethanol and chemicals (TRL 9),
naphtha, waxes and starting point and starting point for Different chemicals Different chemicals and others for methane (TRL 9),
for chemicals and polymers chemicals and polymers and polymers and synthetic fuels for fuels and chemicals (TRL 7-9) for polymers and proteins (TRL 5-7)
INERATEC (DE) Audi AG (DE) Avantium (NL) Dimensional Energy (US) Algenol Biotech (US) Deep Branch Technology (UK)
NewCOzFuels (IL) bse engineering (DE) Covestro (DE) Evonik and Siemens (DE) Cellana (US) Electrochaea (DE)
Nordic Blue Crude (NO) CRI (IS) Opus 12 (US) Photanol (NL) LanzaTech (US)
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1: equivalent to conventional methods

1: No carbon emission
from the process . equivalent to conventional methods
J
Carbon footprint of process Performance comparison
The cost of producing synthetic gasoline from green hydrogen

and CO, captured from the atmosphere is currently ~ 50 euro per 1. > Lok |
liter, compared to 0.50 euro per liter from fossile fuel 2\ opeiogli=plie Lo QRS AL Lo LE s 01 ab

—— CO,-to-protein
—— CO,-to-fuel

— CO,-to-chemical ] . N ]
Availability (minimum viable scale - MVS)
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Bio-to-Carbon
FIRST GENERATION SECOND GENERATION
Comn Switchgrass
Jatropha
Sugar CanelSpgar Beet FEEDSTOCKS Otiisas
Soy & Palm Qils Forestry (Hemicellulose &
Cassava Lignin)
Miscanthus
( Gasification, Pyrolysis, Torrefaction, Pretreatment Biochemical Fermentation Processes ]
e et Lo R e e S E S S N
Sugars e Sl R S s N
'\Gluoose. Fructose, Xylose, Arabinose, Lactose, Sucrose, Starch,' Platforms ' Syn Gas l
————————————————————————————————————— J
C2 Route C3 Route Sc4 Bgu/{eid C5 Route C6 Route Syngas Route
it Bl g Fumaric A ke oo .
1 tate ot R urfura
Glycol Acid Pronlons ASid Malic Acid Laviinie Aiid Lyatine Mixed Alcohols
Ethylene Glycol Malonic Acid Aspartic Acid Glutamic Acid Glumonic Acid Oxo/lso Synthesis
Acetic Acid Gavins Acetoin Xylonic Acid Glucaric Acid Products
Threoine Arabitol Fischer-Tropsch
3-Hydroxy-butyroactone Liquids
INTERMEDIATES
Butanediol (BDO) Succinic Acid Butanol Butadiene Isoprene Propanediol (PDO) Acrylic Acid Furans
C4 Molecules g‘; SMoIecules Solvents Rubber Rubber  Fibers Coatings Polyesters
PBS s Paints ABS Cosmetics Adhesives Polyurethane
PBT Butyl rubber Polyurethanes Plastics Fuels
Solvents PET PBT
Deicing Fuels
Adipic Acid Teraphtalic Acid
Nylons PET
Resins Plasticizers

Polyurethanes

J.S. Golden Duke 2015
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Life Cycle of biofuel

Fertilisers

Irrigation water
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& Phase 1: Biomass cultivation

A\ Emissionsto air

I Emissionsto water

Land use/agricultural
land occupation

Tilling and cropping

Transportation to
processing unit

_

I Nutrients build up in soll
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Biofuel separation/
treatment
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—_—
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———
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—
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Phase 3: Use and end-of-life management

I
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h Phase 2: Biofuel production

A\ Emissionsto air

I Wastewater

_

I Solid wastes

\ Emissionsto air

I Emissionsto water

Diesel

Biofuel transportation
and use emissions

Co-product
management

Recycling of wastes

I Waste to landfill

=

\

_

!
/
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“Conversion of biomass to biofuels and life cycle assessment: a review”
Environmental Chemistry Letters (2021) 19:4075-4118
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1: equivalent to conventional methods

1: No carbon emission
from the process 1: equivalent to conventional methods

Carbon footprint of process Performance comparison

1: no constraint on raw material supply

Availability (minimum viable scale - MVS)
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METALS & MINERALS
ELECTRICITY
(FossiLC

[ MINERALS

RAW PRODUCT TRADE/ PRODUCT PRODUCT | ENERGY

METALS MATERIAL MANUFACTURE g DISTRIBUTION USE BLSAAEILG. END OF LIFE RECOVERY
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www.renewable-carbon.eu/graphics
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1: equivalent to conventional methods

1: No carbon emission
from the process 1: equivalent to conventional methods

l- / Performance comparison

Carbon footprint of process

Collection of plastics is a major challenge for the field,
consistency, quality and availability of supply is major

limitation for both physical and chemical recycling 1 no constraint on raw material supply

—— (Chemical recycling

— Physical recycling

Enzyme recyclin
y yeling Availability (minimum viable scale - MVS)
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Solar panel & battery recyc"ng (at hlgh volume) = gghfnlgilh:ie,(i:z_;i*rﬁﬁ Ni\?22034 a3

Complex, multi-component system
Physical + chemical + heat
Aim to recover useful inorganic material

COSt COmpetitiveneSS 2024 Innovation China Conference Fall 2024 enewable O
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1: equivalent to conventional methods

1: No carbon emission

from the process 1: equivalent to conventional methods

Carbon footprint of process Performance comparison

L

1: no constraint on raw material supply

Solar panel recycling Solar panels are highly concentrated,
much easier to collect

Battery recycling

Availability (minimum viable scale - MVS)
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Challenges of Renewable Carbon e

Hard to Collect - Fragmented Supply
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Challenges of Renewable Carbon e

Low Carbon/Energy Concentration
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Challenges of Renewable Carbon e

Policy Uncertainties
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Woodside
Energy

novonutrients
food and feed from co,™

Supply
Partnership
sengcng
= LR

= iR

= E—e—-: ZTO EXPRESS
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New & Better

\w : ol
Products Enwise Dry Moé?o_bilcpigesﬁon
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ecmnIC

New & Better
Products
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A BETTER PROTEIN
ALTERNATIVE ~AND FOOD upﬂm !

PROTEIN FOR FEED...
NEUTEIN AMINO ACID % DRY MASS 8 1 ™ 59

BETTER THAN BEEF [t

NOVOTEIN

nOVOnUtrientS 100% DIGESTIBLE [ & : 4.35‘3?59

food and feed from co,™ 12HUMAN PDCAAS SN == ‘“m“;%?ﬁ?ﬁ

MINERALS ETC.

1.96%

New & Better
Products

n@vonutrients.
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New & Better
Products
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Most importantly,
Makes money for customers!
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Renewable Carbon

One Company at a Time
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