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4CO2-based Value Chains for Polymer Products

The Big Picture
Climate Change and Resource Efficiency

A Reduction of GHG Emissions as well as a more efficient ressource use are very important for a 
more sustainable industry

(IRP 2019)(IMF 2020)

Achema Pulse, 16.06.2021
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The General Problem
Carbon Utilization for Chemical and Polymer Production in Germany

Status quo Characteristics

• Carbon sources are > 90 % fossil

• 19 Mt of material carbon (270 TWh)

• 16 Mt of energetical carbon (219 TWh)

• Linear use of primary carbon

 High dependency from fossil fuels

 21 Mt of CO2-Emissions per year from

the incineration of polymer waste alone

DisposalProduction
and 

Consumption

How can the resource base be
defossilized and the carbon used in 

cycles?

CO2-based Value Chains for Polymer Products

34 Mt of Carbon

110 Mt CO2 eq.

Achema Pulse, 16.06.2021
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The Vision
Circular Use of Material Carbon

Production
and 

Consumption

Decoupling of Energy and Material Supply!

CO2-based Value Chains for Polymer Products

+

Achema Pulse, 16.06.2021
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Circular Carbon Use
Recycling Options

CO2-based Value Chains for Polymer Products

Chemical
Recycling

CO2
Utilization

Consumption

Mechanical
Recycling

Waste
Management

Differences

• Speficic Energy Demand

• Required Waste Stream 

Purity

• Product Quality

 Recycling technologies

must be chosen with

respect to the specific

needs of the virgin material 

producer

Polymer
Production

Chemical
Production

Achema Pulse, 16.06.2021
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CO2-Utliziation
Pathways and Ressource Availability

CO2-based Value Chains for Polymer Products
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CO2-based Production of Base Chemicals
Climate Impact (Cradle-to-Gate)

Electricity Source: Wind
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• Climate Impact can be reduced

significantly for base chemicals and 

polymers

• Methanol can be produced with

less climate impact than synthetic

naphtha

• Locations in Germany offer

favourable conditions for CO2 

Utiliziation

i = international, 
g = Germany,
f = fossil

(Kaiser et al. 2021a)

(Hoppe et al. 2018)

Achema Pulse, 16.06.2021



CO2-based Production of Polymer Products
Climate Impact (Cradle-to-Gate)

10CO2-based Value Chains for Polymer Products

Supply Chain wide GHG Reduction for exemplarly products from major application fields
for polymers

Achieved Reduction Values: -34 % (PVC) , -38 % (PP), -45 % (PE) and -69 % (POM) 
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CO2-based Production of Base Chemicals
Economic Situation

11CO2-based Value Chains for Polymer Products

• Production Costs for Feedstock Chemicals are
significantly higher in the status quo

• Cost parity in reach in 2030 for Methanol at 
locations with favourable wind conditions

Comparison of global production locations
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H₂ CO₂ Product Synthesis Transport

Cost Compositions (MeOH)

• Production Costs for H2 are the dominating cost
drivers

• Electricity (33 %) and Capital expenditures (32 %) 
are the main cost drivers for H2-production

MeOH Naphtha

(Kaiser et al. 2021a)

Achema Pulse, 16.06.2021



CO2-based Production of Polymer Products
Economic Situation 

12CO2-based Value Chains for Polymer Products
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CO₂-based Conventional Price Increase

Additional Costs: 
• Low share of Polymer production costs on the overall production costs: 0.1 – 6.5 %
• High share of Polymer production costs on the overall production costs: 16 – 115 %

 Promising cost benefit ratio for certain PE, PP and POM products

(Kaiser et al. 2021b)

Achema Pulse, 16.06.2021



CO2-based Production of Base Chemicals and 
Challenge: Uneven Distribution of Costs and Benefits

13CO2-based Value Chains for Polymer Products

CO2-Emitter

• Plant Investment

Chemical Producer

• Plant Investment
• Higher Production

Costs

Polymer Producer

• Higher Material Costs

Product Producer

• Higher Material Costs

CO2-Emitter

• Additional Revenue
• Lower Scope 1

emissions

Chemical Producer

• Lower Scope 1 and 2
Emissions

• Provision of recycled
carbon

Polymer Producer

• Use of recycled
Carbon via CCU

• Lower Scope 3
Emissions

• Price Markup by
costumer valuation

Product Producer

• Use of recycled
Carbon via CCU

• Lower Scope 3
Emissions

• Price Markup by
costumer valuation

Costs

Benefits

• Main economic risks are located at the start of the supply chain

• Main benefits are exploited at the consumer market

Fair distribution of costs and benefits
needs a supply chain wide
cooperation

Achema Pulse, 16.06.2021



CO2-Win Joint Venture Initiative 

14CO2-based Value Chains for Polymer Products

CO2-

Information Networking Matchmaking

Next Joint Venture Workshop will be held in Q4 of 2021

Contact: co2Win@cesr.de

Achema Pulse, 16.06.2021



Conclusions

 Chemical and Polymer need to switch to renewable energy and carbon supplies

 CO2-utilization in combination with REN energy is a step towards this end

 CO2-Utilization offers drop-in solutions for virgin polymer production using recycled carbon

 High-value Polymer Products show a promising cost-benefit ratio despite higher production

costs for base chemicals

 Fair distribution of costs and benefits requires supply-chain wide cooperation to exploit the

market potential

15CO2-based Value Chains for Polymer ProductsAchema Pulse, 16.06.2021



Contact:

bringezu@uni-kassel.de

simon.kaiser@uni-kassel.de

Thank you very much for your attention!
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C1 - Internal use

World's first bottle made from
recycled carbon emissions

ACHEMA, June 16th 2021

Delphine Minoux, TotalEnergies
Babette Pettersen, LanzaTech
Cedric Dever, L'Oreal



C1 - Internal use

By 2030, we will reduce by 20% in intensity
the quantity of packaging used for our products.

By 2030, 100% of the plastics used in packaging
will be either from recycled or biobased sources.

By 2025, 100% of our plastic packaging will be 
reusable, recyclable or compostable.

100 % of our products will be Eco-designed (evaluated
via a Sustainable Product Optimisation Tool SPOT) ECO-DESIGN

PLASTIC 
PACKAGING 
COMMITMENTS 

Achema - 2021.06.16 - Lanzatech - L'Oréal - TotalEnergies



C1 - Internal use

PE AND EXISTING 
FOSSIL FREE 
SOLUTIONS

L’OREAL IS CONSTANTLY IMPROVING THE ENVIRONMENTAL BENEFITS 
OF ITS PACKAGING - AND THEN OF ITS POLYETHYLENE (PE) PACK

WE AIM TO DEVELOP A NEW SUSTAINABLE PE PACKAGING BASED 
AN ALTERNATIVE FEEDSTOCK : CARBON EMISSIONS

WE HAVE THE AMBITION TO USE THIS SUSTAINABLE MATERIAL IN 
OUR BOTTLES OF SHAMPOO AND CONDITIONER

Achema - 2021.06.16 - Lanzatech - L'Oréal - TotalEnergies





C1 - Internal use Created with BioRender.com

Capturing Carbon. Creating Value

1.0

#Waste to Value

Ethanol as building block  
for fuels and chemicals

Direct Route to Chemicals

2.0

CarbonSmart™



C1 - Internal use

Operating at Commercial Scale: Technology De-Risked

• First commercial plant using 
steel off-gases, operating in 
China since 2018

• >80,000 Tons Ethanol produced

• >120,000 tons of CO2 avoided 

• Second commercial plant now 
operational in China from 
Ferro-Alloy Off-Gas (May 2021)

• First commercial plant in 
Europe (Steel Off-Gases from 
Arcelor Mittal) operational in 
2022

• Global capacity buildout 

Operational since May 2018
15 M gpy

World’s First  Commercial
Gas Fermentation Plant in China

First  Commercial
Gas Fermentation Plant in Europe

CarbonSmart™



C1 - Internal use

THE LANZATECH X TOTAL X L’OREAL INITIATIVE

- DEMONSTRATES NEW OPPORTUNITIES FOR THE CAPTURE AND 
RE-USE OF INDUSTRIAL CARBON EMISSIONS

- IS WORKING ON SCALING THE PRODUCTION OF THESE 
SUSTAINABLE PLASTICS 

- INTENDS TO WORK WITH ALL THOSE WHO WANT TO JOIN IN 
COMMITING TO THE USE OF THESE NEW PLASTICS 

World’s first sustainable packaging 
made from captured and 
recycled carbon emissions

RENEWABLE PE 
INITIATIVE

Achema - 2021.06.16 - Lanzatech - L'Oréal - TotalEnergies
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Presentation 2 -Questions and Answers

Q:Whatistheplannedscaleoftheproductionplant?   
A1: The next step is the industrialization of all steps in the value chain. We are in the 
phase now to gather all the pieces of the puzzle. We are working right now to have the 
feedstock in the right capacity. Therefore, norealistic figures of the scale are available at 
the moment. 

A2:This technology is not science fiction but just connecting existing steps and plugging 
them together in order to make it happen. From a technical point of view, everything has 
already been validated. The challenges are toplug it together and to create the demand 
for the sustainable plastics. 

Joint Ventures on CO2-based Plastics for Consumer Products
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COVESTRO

WASHING WITHCO2-
TECHNOLOGY

Surfactants based on CO2

ACHEMA Pulse 
June 16th

,2021

Marina Sebastian 



ACTION IS REQUIRED

2

Á The big enemy for our climate is 
CO2emission 

Á At the same time, CO2is a 
valuable raw material

Á With innovation and new technology, 
we can contribute to a more 
sustainable future and foster a fully 
circular economy 

June 2021 ƅ ACHEMA Pulse ïCovestro Washing with CO2-technology 



COVESTROËSCO2TECHNOLOGY

3

Letnatureguideusforward

Á At Covestro, we work with 
ground-breaking technologies to 
embrace this challenge

Á We aim to reduce the carbon 
footprint ïwe simply asked nature 
for guidance 

June 2021 ƅ ACHEMA Pulse ïCovestro Washing with CO2-technology 



INSPIRED BYNATUREïA NEW TECHNOLOGY FOR CHEMICALS
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CovestroËs CO2-technology converts CO2into a valuable material source

Fossil basedcarbonNew carbonsource: CO2

New surfactants
basedon 

CO2technology

Covestro
CO2technology

June 2021 ƅ ACHEMA Pulse ïCovestro Washing with CO2-technology 



DREAMRESOURCECONTIïCOMBINATION OFEO & CO2
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Surface-activematerialsbasedon CO2

Conventional EO-basedmaterial 

NovelEO/CO2-based material 

Ethyleneoxide

EO

EO CO2+

Ethyleneoxide Carbon dioxide Polyether polycarbonate

Ethoxylate

June 2021 ƅ ACHEMA Pulse ïCovestro Washing with CO2-technology FKZ 033R222



SURFACTANTS BASED ONCO2
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Make an everyday hero more sustainable 

surfactant = 
surface active agent

ČReduces the surface tension of other 
compounds by its chemical structure

ČThis effect allows to penetrate dirt, 
grease and dissolving residues from 
surfaces

Hydrophilic part Hydrophobic part 

Petrochemical and bio-
based raw material 
broadly available 

Largely fossil based, 
only few alternatives 
feedstocks known, 
until now: 

Reuse CO2

June 2021 ƅ ACHEMA Pulse ïCovestro Washing with CO2-technology FKZ 033R222



SURFACTANTS BASED ONCO2
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Characterization and performance testing

No Surfactant Mn
Substituted 
EO-content ůCMC HLBexp

[g/mol] [wt.-%] [mN/m]

1 C12-18-EO/CO2-OH 780 15 37 ~ 11

2 C12-18-EO/CO2-OH 710 15 37 ~ 10

3 C12-EO/CO2-OH 800 14 34 ~ 12

4 C12-EO/CO2-OH 710 15 34 ~ 11

5 C12-EO-OH 800 - 40 ~ 16

Hydrophobic 
alkyl-chain

Hydrophilic 
EO/CO2-chain

Washing performance tested of CO2-based surfactants

Č Applicable in standard detergents formulation
Č Comparable primary washing performance to market 
reference 

Stain 1 Stain 2 Stain 3 Stain 4

CO2-based 
surfactant

Conventional 
surfactant

CO2-based 
surfactant
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SURFACTANTS BASED ONCO2

8

Ecological and ecotoxicological assessments 

First life cycle assessment showed reduction of 
global warming potential up to 25 % 
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COV CO2-TECHNOLOGY HONORED WITH MANYAWARDS
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2019

2017

2016

2015

2012

In the circle of excellence 2019, 
Covestro employees are nominated 
for the German Presidentôs Award 
for Innovation and Technology

03/2021

Winner of the third place of the ñBest 
CO2utilization 2021ò award of nova 
institute for the developments on 
CO2-based surfactants

06/2021 3

Dr. Guertler and Prof. Leitner are 
nominated for the European 
Inventor Award of EPO 
Č Final on 17thJune 2021 
Č Vote for Popular Prize

June 2021 ƅ ACHEMA Pulse ïCovestro Washing with CO2-technology 
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TECHNOLOGY

Surfactants based on CO2

ACHEMA Pulse 
June 16th

,2021

Marina Sebastian 



Forward-looking statements
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This presentation may contain forward-looking statements based on current assumptions and forecasts made 
by CovestroAG. 

Various known and unknown risks, uncertainties and other factors could lead to material differences between 
the actual future results, financial situation, development or performance of the company and the estimates 
given here. These factors include those discussed in Covestroôspublic reports, which are available on the 
Covestrowebsite at www.covestro.com. 

The company assumes no liability whatsoever to update these forward-looking statements or to adjust them 
to future events or developments.

June 2021 ƅ ACHEMA Pulse ïCovestro Washing with CO2-technology 



Question and Answers
Summary

Q: How high are the production costs of CO2-detergents compared to the fossil alternative? 

A:The economic assessment is an important topic. Together with our academic partners we are currently 
examining, what price we can achieve. We canôt tell any specific information, but we believe that we can cut 
the production cost. 

Q:Do you plan to actively draw attention to your products, e.g., with labels or certificates?

A:We would love to have a special branding on CO2-based products. However, we are too early in the value 
chain to create a label, because we are the raw material producers, therefore itôs not our topic. Nevertheless, 
for CCU it would be beneficial to integrate branding to increase the acceptance of this raw material.

Q: What are the most important aspects of such a certificate? Climate mitigation or resource efficiency?

A:It is a mixture of all of them. For example, we see a broad acceptance for biobased products, nevertheless 
there is not one solution. Only a mixture of different carbon sources (waste, biological, CO2, etc.) can help to 
make the world more sustainable. At the same time, it is hard to understand and evaluate the different sources 
if you do not have a scientific background. Therefore, a label can be helpful because it increases the 
understanding of the different carbon sources and because people trust certificates. 

Achema Pulse, 16.06.2021Joint Ventures on CO2-based Plastics for Consumer Products



Panel Discussion (1/3)
Summary Disscutants: 

-Babette Pettersen, LanzaTech
-Cedric D®ver, LóOr®al
-Delphine Minoux, PhD, TotalEnergies
-Dr.-Ing. Iris Rieth, IN4climate.NRW
-Marina Sebastian, Covestro AG

Moderator:Prof. Dr. Stefan BringezuR®sum®

Industrial Collaboration:
ĄThe main motivation behind the creation of the CO2-based value chain between LóOr®al, LanzaTech
and TotalEnergieswas the aim to produce low carbon polymers.

ĄCollaboration of industrial partners along the supply chain is a key aspect to develop processes 
from the laboratory to the market.

ĄA systemic perspective must be taken to identify those CCU pathways which promote a transition 
towards climate neutrality for the whole industry. This includes ecological and economic 
assessments to identify the best options.

Achema Pulse, 16.06.2021Joint Ventures on CO2-based Plastics for Consumer Products



Panel Discussion (2/3)
Summary

R®sum® (continuation)

Application Potential:
ĄCO2can be used as a carbon base or an ingredient in many applications and sectors like the 
chemical and polymer industry  as well as the transport sector (heavy duty and aviation). Often, it 
can be plugged into existing value chains without major adjustments. Therefore, the potential is very 
broad and high. The aim should be to use CO2in as many applications as possible, starting at the 
very beginning of the value chain. 

ĄThe question if there will be a competition for CO2-based products between different sectors is a 
matter of capacity building and the regulatory environment.

ĄThe carbon sources are not a limiting factor.

ĄBeside the utilization of CO2as a carbon base for polymers, it is important to also focus on recycling 
and recyclability of polymers and to use waste streams in a material and energy efficient manner.

Achema Pulse, 16.06.2021Joint Ventures on CO2-based Plastics for Consumer Products



Panel Discussion (3/3)
Summary
R®sum® (continuation)

Regulation
ĄIn contrast to the energy sector where synthetic fuels are promoted, there are no subsidies for 
technologies using CO2as raw material in the chemical sector, yet. As the presented examples 
show, the involved industries are going to deploy CCU within the existing regulatory framework.

ĄIt is important to explain new CCU technologies to policy makers and to provide them with the right 
data so they can further develop existing regulations not to impede and ideally foster sustainable 
applications of CCU technologies. 

ĄWhile some regard the integration of CCU technologies into the ETS as potentially helpful to make 
them competitive, a carbon price significantly exceeding 100 ú  would be needed to have an impact. 
Energy costs, in particular forrenewable energy input, are much more relevant. 

ĄIn general, life-cycle-wide environmental (climate and resource footprints) and economic analysis 
are needed to discern favorable CCU technologies. And it is necessary to take the end-of-life phase 
into account to achieve circularity. 

Achema Pulse, 16.06.2021Joint Ventures on CO2-based Plastics for Consumer Products



Contact:

bringezu@uni-kassel.de

simon.kaiser@uni-kassel.de

More Information:

www.co2-utilization.net


