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Sustainable Energy System
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. Diagram shows 10 Mtpa
hydrogen (equivalents) In
2030 contracted volumes

. Represents about 60% of
current ammonia production

. Regulatory rigor inhibits CCU
fraction (chemicals, shipping)



CCU(S) Feeds
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Multiple steps of conditioning required (analysis, standards, process control)
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Carbon2Chem: Part of the Carbon Cycle

. C2C is a cross-industrial project to
realise the first segment of the carbon

cycle _ Waste Steel DAC
i . incineration Cement
- From tall gases to the platform molecule
methanol
- Applications as e-fuel in serial hybrid co2 | PN
car and feedstock for chemicals and
SAF

@ Combustion

80% energy loss with respect to primary
electricity
Infinitely scalable, planet receives every

year 4500 TWa electricity over land Chemicals
fertiliser
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CCU as a Systems Approach

chemicals
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- Simulation using industrial data of CCU from various feedstocks to MeOH and ammonia

with local and imported energy (hydrogen) under dynamic supply of sources and energy
- Only limited COz2 saving within 2030 German energy system when island solution

- Highly useful with system-wide import of green energy (hydrogen)



Typical Feedgas for CCU: Steel
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Gas Cleaning

Purification of Steel Mill Gases under Changing Feed Stock Concentration Fluctuations in Steel Mill Gases: Analytics as
Conditions Key to Develop Steel Off-Gas Purification
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H,S+H" raw gas: real time data
H,S+H" raw gas: rolling average

H,S+H" purified gas: real ime data
H,S+H" purified gas: rolling average
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. Proved to the critical point of the project when considering economics

. Process cost only 4% of the MeOH cost but uptime is critical for system



Effect of S Impurities

. Specific singular compounds in ppt concentrations give
strong damage to catalytic processes
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Effect of Residual Oxygen

- Oxygen is an ubiquitous trace component in all gasses

- Complex function on metal catalysts, reversible (dissolution, restructuring) and irreversible phase change and
segregation)

- Purification below ca. 50 ppm demanding
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| earnings

- Hydrogenation of COz2 is the critical step in all CCU

- Known reactions use metal catalysts (Cu, Fe, Ni)

- Dynamic supply of feed and energy couple to catalyst dynamics: much still unknown from
fundamentals

- Enormous sensitivity to traces (ppt!) of poisons that are ubiquitous in real feed streams
. Capture and conditioning are critical elements in CCU applications
. Cleaning technologies need to be robust and are cost-sensitive (adsorbents)

- Analysis, avoidance and verification are critical requirements with limited attention
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J.W. Goethe

—ntscheide lieber ungenau in die richtige Richtung als genau in die falsche Richtung

Better decide with uncertainty into the right direction than with certainty into the wrong direction

A. V. Humbolgt : A
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