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Virgin Fossil Carbon Flows1

ANNUAL GLOBAL 

EXTRACTION

ANNUAL GLOBAL USE 

AS A MATERIAL

Coal – 28 billion tonnes 

(of CO2 equivalent)

Oil – 15 billion tonnes 

(of CO2 equivalent)

Gas – 6 billion tonnes 

(of CO2 equivalent)

Oil – 2.1 billion tonnes 

(of CO2 equivalent)

Gas – 0.5 billion tonnes 

(of CO2 equivalent)

5.3% of all carbon 

extracted
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Why Flue2Chem ?

We will not reach 

Net Zero unless we 

find another source 

for carbon as a 

material

The science is well 

known, but the question 

is whether it can be 

made to work at scale

and the right cost

The consumer 

market has the most 

immediate driver for 

change

1

Other uses of carbon as a feedstock 

(plastics, paints, adhesives, 

insulation, fabrics, textiles and so 

on) would be able to use similar 

supply chains to move away from 

fossil carbon in time
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Where will we get the carbon from?

 If we stop using carbon from virgin fossil feedstocks, we are going to need 

another source of carbon - and lots of it

• 2.6 billion tonnes of carbon dioxide equivalent now… 

• …with a CAGR of 5% will be 12.5 billion tonnes of carbon dioxide equivalent by 2050

 There are several sources currently being discussed and evaluated

• Biomass

• Recycled plastics, oils and other easily collected chemicals

• Carbon dioxide from flue gases (while we still have them) and the atmosphere
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Balancing the options – or combining them?

 Biomass
• Established but not yet scaled sufficiently

• Collection of raw materials favours distributed first steps

 Recycled plastics, oils and other easily collected chemicals
• Collection of materials to be recycled needs sorting

 Carbon dioxide from flue gases and the atmosphere
• We should be phasing out flue gases as we approach 2050

• Least well developed but offers the hope of atmospheric remediation

 The proportion each process can supply depends on how we invest…

 ,,,but many agree no single process will supply enough to satisfy needs
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The Nova “view” of future sourcing

Atmospheric or biogenic

carbon can help reduce 

product carbon footprint.  If 

there is not sufficient biobased 

carbon, using CO2 is 

unavoidable if society is to 

access the chemicals it so 

demands.

Recycling fossil carbon does 

not help reduce product 

carbon footprint.
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It needs policy as well as technology

 Policy has a role in driving the transition 
to increased use of green carbon.

• This can be done through incentivisation 
or penalty.  

 There are several fundamental asks from 
industry to support this. these including

• Creating a clearer vision for an industrial 
Net Zero pathway that is aligned across 
government.

• Backing the use of sustainable resources 
and helping scale enabling technologies.

• Employing consistent reporting of carbon 
impact across sectors.
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Flue2Chem: Transforming the Foundation Industries Challenge2

Make sustainable 

materials for 

consumer 

products 

(Alkoxylated

Surfactants) from 

UK emissions

Entire value chain 

is in scope 

 Source of emissions (second use black 

& biogenic carbon), 

 Capture and purification of emissions,  

 Conversion of CO2 to hydrocarbons and 

ethylene oxide, 

 Manufacture and application of 

alkoxylated surfactants.

 Evaluate the full end-to-end 

business & environmental 

impacts, 

 Build the case to create a 

chemicals infrastructure to 

implement CCU in the UK.

Consortium of 

16 partners 

Start 1st December 

2022: 2-year project  

 Unilever lead partner

 £5.4m project, £2.7m 

grant

Why Alkoxylated

Surfactants?

Global production > 6 million T /yr and £10 billion | Wide range of consumer applications

• Fossil Carbon increases GHG 

• Palm Kernel Oil can lead to Deforestation and associated GHG increase 

• Generally imported to the UK
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Target Molecule: an Alkoxylated Surfactant

Fatty Alcohol

↑

Fatty Acid

↑

Palm Kernel Oil

Ethylene Oxide

↑

Ethylene

↑

Ethanol

↑

Sugar

Synthetic Alcohol        Ethylene Oxide

Ethylene

↑

Oil
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Foundation 

Industries emit

valuable CO2

CO2 is 

captured

CO2 is converted into key 

intermediates used widely in 

the chemical industry

Intermediates 

converted into 

surfactants

Surfactants are 

formulated into cleaning 

products and coatings.
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Carbon Flows*: Reusing Fossil Carbon3
Reusing point source fossil CO2 emissions can lead to emissions reduction (<50%) of the system

*Highly idealised carbon flow, excluding energy emissions, capture rate, leakage etc.
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Carbon Flows*: Circular Atmospheric / Biogenic Carbon3
Re-using point source biogenic CO2 emissions can lead to zero emissions of the system

*Highly idealised carbon flow, excluding energy emissions, capture rate, leakage etc.
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The Hidden Carbon Footprint3

 PACKAGING

 PHARMACEUTICALS

 PAINTS/ADHESIVES

 CLEANING PRODUCTS

 PACKAGING

 SPORTS EQUIPMENT

 ELECTRICAL

 FURNITURE

 AUTOMOTIVE

 TYRES

 PAPER

 PACKAGING 

 TEXTILES

 PAINTS/ADHESIVES

 CONSTRUCTION

Michael Carus, Nova Institute

We must not stop using 

carbon, but start using the 

right carbon that avoids 

adding more carbon into 

the atmosphere.
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What are we aiming for as outputs?

 Demonstrator Products

• We are aiming to produce a series of cleaning products based on the surfactant where the 

carbon has a straight supply line from carbon dioxide collected from flue gases

❤️
 A detailed paper that…

• Describes all the mistakes we made, learning we had and recommendations to make it easier for 

anyone else going down this path

• Makes recommendations to governments about how to “develop” standards and regulations that 

support the move from fossil carbon feedstocks to circular supply chains

🧠
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Flue2Chem – Next steps...and beyond

We wi l l  use th is  to create the bluepr int  for  dr iv ing change in other  countr ies.  

4

1.

Frame developments 

and interventions

required to make 

the business 

model work.

Complete environmental,  

techno-economic and 

social impact in 

comparison to current 

processes.

Build value chain to 

utilise foundation 

industry emissions to 

displace import of non-

sustainable materials 

from outside of the UK

Flue2Chem2,3….nFlue2Chem

Design and demonstrate

value chain to capture 

valuable CO2 emissions 

and convert these into 

sustainable chemicals​​.

2.

3. 4.
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Forming Collaborative Partnerships
How we built the team.

“How did you assemble such a large project so quickly?” ……………..“we didn’t, 

it took years!”

The first workshop was 

held at the SCI® in

February 2020 – it 

launched a committee

made up of interested 

companies which then 

met (virtually) through 

lockdown

Goal of replacing fossil 

carbon feedstocks was 

identified in the 

2018 UK Chemistry 

Council Strategy

They recognised that 

an InnovateUK

competition 

(Transforming the 

Foundation Industries) 

in late 2021 covered 

what they wanted to do

It was part of a “Sector 

Deal” proposed to 

UK Government in 

late 2019 – just as the 

government abandoned 

that mechanism
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Assembling the Consortium

1. Time, and lots of interaction.

Unilever, P&G, Reckitt, Croda, BASF, Johnson Matthey and the SCI – had all been sharing ideas, challenges, 
opportunities and frustrations for over 3 years. Individually some had also worked with the others we invited to 
join: personal recommendations and shared experiences.

2.  Transparency and honesty.

The relationships we have built over those years are strong. We have disagreed (a fair amount) on the way, 
but we have always shared a commitment to move from fossil carbon feedstocks to a sustainable chemistry 
based industry.

3.  Shared commitment and understanding. 

How the different organisations fitted into what will be a wholly new supply chain.

4.  Tireless advocacy

Within our own organisations – and to anyone who will listen outside them!
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Follow us on LinkedIn



We hold these truths to be self-evident 25

 Chemistry forms the basis of many supply chains

 Chemistry is largely based on carbon

• Though other elements are quite useful!

 We have to change the source of that carbon

• But 150 years of cheap carbon has spoiled us

 There are options – we need them all

 We need a strategic plan for implementation and roll-out

 We need a fiscal and regulatory environment that supports this change
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