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Ammonia Cracker for Engine Applications
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1) https://www.ifkm.kit.edu/2160.php, @KIT/IFKM/Bernhardt, 2) Braun, Annalena; Baufeld, Torsten; Engelmeier, Lena; Gierenz, Niklas; Kubach, Heiko; Mohr, Hinrich et al. (2025): Development of
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Engine-specified Requirements
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Engine design and operating * 1)
parameters
Description Value
Hydrogen mass flow 4,5 kg/h
Cracker product gas pressure 6-8 bar
Cracker product gas temperature < 60 °C
Residual ammonia content of the cracker product gas Xnnz < 5 mol % (X = 90 %)

4 *1) Braun, A. et al: Development of an Ammonia-fueled Cracker-Engine-Unit as Propulsion System for Inland Waterway Vessels, 31st International Congress on Combustion Engines (CIMAC 20@5byzZBdh ~Sahiwdgh o reseoesd. BarHidertial - no passing on to third parties
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Ammonia Cracker System for Propulsion System

Propulsion System
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Ammonia Cracking Catalysts
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Ammonia Cracking Catalysts
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| Conversion limitation in reactor due to
- maximum temperature at 600 °C for Ru

[ catalyst

More flexible reactor
operation due to
wide temperature
range of Ni catalyst
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Ru GHSV 5000 1/h

Ru GHSV 2500 1/h
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NH3 Cracking as New High-Temperature Application and Consequences

o ceramic
flow direction substrate catalyst

decrease in visually detectable
material damage

v

Damage in a catalytic converter pipe
(combination of high temperature and high ammonia content)

8 1) Beck, K. et al (2025): Nridation resistance of materials to enable NH3cracking technologies above 550 °C, Gordon Research Seminar.
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Electrically vs Combustion Heated Ammonia Cracker

Combustion heated cracker module Electrically heated cracker module
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Electrically vs Combustion Heated Ammonia Cracker

Combustion heated cracker module Electrically heated cracker module
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Additional process
components (blower,
heat exchangers and
mixer) necessary for
limitation of material
temperature in reactor to
max. 750 °C.

= Material failure would
cause risk of explosion.
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Electrically vs Combustion Heated Ammonia Cracker
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Realistic compressor efficiency

Compressor efficiency

Electrically heated cracker module

= Minimal components

= Low construction volume and weight

= Reduced heat loss

= Simple and quick start-up process

= High dynamics

= Good controllability

= High efficiency

= No burner exhaust gas

= Increased safety without oxygen in
process

= Significant cost reduction
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Electrically Heated Ammonia Cracker
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Cracker reactor
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Impressions & Outlook

Outlook
= Stand alone operation
= Operation with ICE
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Wirkungsgrad H2 & H2-Derivate

Abbildung 3: Wirkungsgrade entlang der Produktionskette (2), (4), (9), (10), (11), (13), (15), (142)
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15 Quelle: Weltenergierat, Ammoniak als Energietrager fir die Energiewende 2023
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