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Background/Objective

The global transition toward a low-carbon energy economy is fundamentally dependent on the development of scalable,
logistically viable hydrogen carriers. Ammonia (NHs) can become a vital carbon-free hydrogen (H2) carrier for Hz
production. Air Liquide (AL) is commercializing NH3 Cracking technology to provide a high-capacity H2 source with a
significantly lower carbon footprint than conventional steam methane reforming. Historically, this process lacked the
necessary Technology Readiness Level (TRL) for large-scale commercial adoption. AL has addressed this critical gap
through a multi-year, structured Research and Development (R&D) program designed to transition ammonia cracking
from theoretical chemical engineering to a robust, field-ready industrial reality. This work focuses on the systematic de-
risking of the technology through an iterative "Lab-to-Field" methodology.

Methods

The R&D framework utilized a rigorous, integrated approach combining fundamental R&D laboratory science with large-
scale technical validation across all relevant TRL levels to bridge the gap between lab-scale research and industrial
implementation in the field.

The LAB: A rigorous campaign deploying R&D pilots at progressive scales — from bench-scale units for rapid screening
to technical-scale units for full-size testing. Applied to catalysts, metallic materials and combustion, this multi-scale
approach allows us to accurately decouple kinetic properties (reaction and nitriding kinetics) from transport phenomena
and scale effects. This generates robust physical data to calibrate our proprietary design tools and models with high
confidence.

The FIELD: A fully integrated pilot dedicated to demonstrating the design’s reliability, safety, and operability across all
relevant techno bricks. By operating in a representative production environment, it serves to qualify the complete supply
chain, validating the performance and durability of critical equipment. Key analytical methodologies include Data
Validation and Reconciliation (DVR) to ensure reliable datasets by rigorously enforcing mass and energy conservation
laws to allow for a precise model calibration.

Results

The R&D campaigns have successfully elevated the technology to a TRL 8. Findings from laboratory research were
effectively scaled and reproduced at an industrial scale pilot at the AL Antwerp production site, confirming that high NH3
conversion rates can be realized, the selected materials can resist long-term degradation and that NHs combustion
complies with NOx emission standards.

Conclusion

Ammonia Cracking has been established as a commercially viable technology through the effective implementation of
this R&D roadmap. Representing a critical milestone, this systematic approach to development provides a framework for
the immediate global rollout of industrial-scale cracking plants, firmly establishing ammonia-to-hydrogen as a pillar of the
international energy transition.



