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Overview

• Setting the scene

• Chemistry and the chemical industry

• Sustainable production of chemicals

• Resources and resource availability

• Demand & availability gap

• Summary - Outlook

Linz Chemistry site
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Hermann Franz/Francis Mark

1978 series “Alles Leben ist Chemie”



Chemistry the central science

https://www.brainscape.com/academy/why-chemistry-central-science/



• The chemical industry transforms energy and raw materials into products required by other 

industrial sectors as well as by final consumers

• The cost of energy and raw materials is a major factor in determining the competitiveness of the 

EU27 chemical industry on the global market

• The petroleum consumption accounted for 14.8% of total energy consumption of the EU27 in 

2020

• Petroleum consumption in the EU27 chemical sector accounted for 32.1% of total industry 

petroleum consumption in 2020

Chemical industry

OMV Schwechat



Chemical industry

• With the exception of urea and chlorine all other base chemicals can be produced using 

alternative technologies based on CO2, H2, biomass or plastic waste

• 87% of the electricity consumed by the chemical industry in Germany are used for the 

production of base chemicals

• Process heat is mainly based on natural gas

• H2 is directly used in chemical processes for the production of chemicals, mostly supplied via 

steam reforming of natural gas

• Biggest use case of H2: Haber-Bosch process for the production of NH3, followed by CH3OH

Olah Methanol plant Iceland



Chemistry 4 Climate

• How can the transformation of chemistry 

toward sustainability succeed

• Our life, and therefore also chemistry, 

only works with carbon

• CO2 is not only a problem

• It will become one of the most important 

carbon sources of the future

• This makes CCU a core element of the 

transformation strategy for chemistry
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Pathways for a sustainable
production of chemicals

• Processes based on the use of 

climate neutral H2 and CO2:

◦ Affording base chemicals such 

as NH3, CH3OH, BTX, via 

Fischer-Tropsch also higher 

hydrocarbons and olefins are 

possible

• Processes based on plastic 

waste leading to synthetic crude 

oil (naphtha)

• Processes based on biomass

Berg Huettenmaenn Monatsh 165, 221–226 (2020)



Bio methanization

• Hydrogenotrophic methanogenic archaea

• 37 - 85 °C / up to 15 bar

(Extremophiles 50 bar)

• In-situ and ex-situ

• Limited gas-liquid mass

transfer of H2

2 L CSTR

BBRS

Büchi®

BioReactor

System



New approach for CO2 to MeOH

• Project partner: CHASE, Heraeus, CTO

• Metal-organic frameworks (MOF) pores serve as means to achieve atomic dispersion of the 

noble metal promoter (Pd) after calcination

• Maximizes metal-support-interaction and abundance of catalytic facets/centers

Precious Metal Precursor

3rd main group element (M3+)

Oxygen



Industrially important reactions of CH3OH
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In addition: MTG, MTO, MTA



Resource availability

• No chemistry without Carbon - CO2 is an important resource

• For a climate neutral chemistry based on CO2 large amounts of H2 and electricity are needed

• CO2 sources will get a rare resource

• Availability of CO2 from industrial sources, e.g., cement industry

• Plastic waste

• Biomass

• When our economy is CO2 neutral also direct air capturing will be necessary (400 ppm) – high 

costs

https://taz.de/Analyse-zu-CO2-Emissionen-seit-1850/!5807527/



CO2 need to cover German chemical production

VCI Abschlussbericht 2023



Alternative sources

VCI Abschlussbericht 2023



Demand on alternative feed for 2045

VCI Abschlussbericht 2023



Plastic waste

• A part of the carbon feed for the chemical industry can be supplied through plastic waste

• However, circularity is key

◦ Keep materials as long as possible in the loop

◦ Energetic use only if no other possibility

◦ Avoiding impurities

• Development of CCU technologies

• Recycling of plastics

◦ Mechanical and chemical recycling

https://twitter.com/plasticsoupfoun/status/1069275124183040000



Biomass

• Sustainable production and use of biomass

• In accordance with regulations on biodiversity

• Use of bio based side- and wase streams but also cultivated biomass

• Primarily use as material source and only secondarily as energy source

• Chemical industry needs high volumes of homogenous quality

• Full replacement of fossil resources by biomass is not possible

https://physicsworld.com/a/biomass-energy-green-or-dirty/



Direct Air Capturing (DAC)

https://www.bcg.com/publications/2023/solving-direct-air-carbon-capture-challenge/

• DAC could play an important role in 

delivering on net zero

• Low-cost DAC is challenging but no more 

so than any other revolutionary technology

• Significant cost reduction (>75 %) 

necessary

◦ From 1.000$ to 100$ per t CO2

◦ Solar is a role model

• Massive step up in investments, 

government support, collaboration models, 

industry engagement required

◦ NASA spends > $20 billion on space 

research



Hydrogen

• H2 will be absolutely necessary for sectors where transformations to other technologies will not 

be possible (e.g., steel, glass) or where an electrification will be difficult (e.g., shipping)

• Development of H2 production technologies important with the focus on green H2

• H2 infrastructure is necessary (pipelines and storage facilities)

https://www.planet-wissen.de/sendungen/sendung-wasserstoff-100.html/



Summary

• CO2 is a problem but also a resource

• Technologies to base the carbon need of the chemical industry on CO2 are available

◦ Indirect and direct conversion of CO2 possible – economic models to be developed

◦ CH3OH is a versatile platform chemical - existing downstream usage models

• Plastic waste and biomass are important raw materials

• Frog leap in DAC technology necessary

• Electricity from renewable resources and green H2 are of paramount importance

• Using the potential of digitalization → Digitainability

https://andreasgoller.photography/traumhafter-sonnenaufgang-auf-der-rotwand/
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Thanks for listening
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