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Markets for CCU and CO2-based products?
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Source: Levi, P. G. and Cullen, J. M. 
2018: Mapping Global Flows of 
Chemicals: From Fossil Fuel 
Feedstocks to Chemical Products. 
Environ Sci Technol, Vol. 52 (4), 
1725-1734. 
doi:10.1021/acs.est.7b04573
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Renewable Carbon: 
Integration in existing 
Chemical Structures
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Pros in a nutshell
• Food crops: 

• Commodities, established in high volume, good logistics
• Food crops: Protein-rich by-products

• Wide range of non-food feedstocks – no direct food competition, positive image
• wood and lignocellulosic by-products and side streams
• biogenic waste from industry and households

• Low GHG footprint compared with fossil resources
• New green chemical pathways
• Biotechnology as sustainable process technology

Cons in a nutshell
• Limited total volume
• Low land-efficiency
• Potential pressure on land and biodiversity 
• Potential competition with food crops and a possible threat to food security

Renewable Carbon from Biomass
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Market trends

nova-institute www.bio-based.eu

High growth areas

Fine Chemicals CAGR 5-10 %: body care, detergents, cosmetics, 
pharma

Bio-based building blocks CAGR 11 %

Bio-based polymers CAGR 8 % (far above fossil-based with 3–4 %)

Bio-based Naphtha, high demand

... also there is no political support (except R&D), but barriers (SUPD)

but demand from the brands! (see Renewable Carbon Initiative)
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Pros in a nutshell

• Very high potential in volume (almost unlimited)
• Low demand for land and water, low carbon footprint
• High TRL technologies available
• Almost all chemicals and plastics can be produced from CO2
• High employment potential
• Inexhaustible source of carbon for the next millennia
• Even “black” CO2 carbon utilisation lead to relevant GHG reduction

Cons in a nutshell

• Potential lock in effects using fossil point sources
• Competition on limited renewable electricity 
• High investment necessary

Renewable Carbon from CO2
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Different calculation show that a range of 15 to 20 PWh would be required to cover 
the entire carbon demand of the chemical industry today by CO2 utilisation with renewable 
energy, depending on the efficiency of electrolysis and further processes. For the 
production of 20 PWh solar power, only 0.9% of the Sahara region is needed for PV. 

The PV yield in the Sahara is typically about 250 GWh/km2/y (Breyer 2019, LUT University). 
That means: To produce 20 PWh from PV an area of 80,000 km2 is needed. Compared to the 
total area of the Sahara of 9,200,000 km2 this is only 0.9% of the Sahara region.

The energy won from this area could cover the global non-energetic carbon demand of 
the chemical and plastics industry as it was in 2018 when applying it to carbon capture 
and utilisation (CCU) processes.

The total area of deserts is even 30,000,000 km2.

Non-energetic demand from the 
Chemical Industry
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Pros in a nutshell

• Most important end-of-life option for plastics in the future circular economy
• Strong recycling targets in the European Union will guarantee access to renewable 

carbon from recycling
• Chemical recycling (different technologies): Basically no loss of quality compared to 

virgin feedstock

Cons in a nutshell

• Mechanical recycling: Limitation in quality, not allowed in many food applications
• Energy intensive processes
• Chemical recycling: early stage, first assessments on economic and environmental 

impacts available; investments waiting for clear political framework

Renewable Carbon from Recycling
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• CO2 emission tax (heavily discussed in public – e.g. carbon border adjustment EU)
• Taxation of fossil carbon used in chemicals and plastics

• A raw materials tax is much easier to handle than an emissions tax.
• We are not allowed to use any more additional fossil carbon – and that is exactly what makes the 

tax effective and important.
• The tax only has to be charged in a few points (extraction and import).
• Automatically captures all sectors and applications that use fossil carbon – without exceptions
• Recycling, biomass and CO2 are automatically exempt from the tax.

• Discontinuation of any funding programmes in the fossil domain (estimate 20 billion US$ in the 
US alone

• Higher costs for fossil CO2 emissions in the emissions trading system (ETS). 
• Development of certificates and labels which indicate the share of renewable carbon.
• Establishing quotas of renewable carbon for “drop in” chemicals and plastics and a quota for CO2-

based kerosene.
• Report about the percentage of renewable carbon used in the production processes of the 

chemical and plastic industry (Ranking)

Political Measures to Support a Quick Transition to 
Renewable Carbon (see nova paper #12)
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Thank you for your 
attention!

Visit us at:
https://renewable-carbon-initiative.com/

Or directly contact us:
Michael.carus@nova-institut.de
Ferdinand.kaehler@nova-institut.de
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