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Introduction
• Ammonia is not intended to substitute 

Hydrogen, but to support the use of the 
latter;

• Recent studies show that ammonia can be 
combined with the use of hydrogen to 
optimise energy generation systems;

• Ammonia offers the flexibility to store 
hydrogen over long periods at relatively much 
lower costs;

• Ammonia can be used to store seasonal 
stranded energy (ie. Summer) for its later use 
(ie. Winter). 

• Thus ammonia COMPLEMENTS the hydrogen 
transition.

Using hydrogen and ammonia for renewable energy 
storage: A geographically comprehensive techno-

economic study [Palys MJ et al. 2020. Computers and Chemical 
Engineering] 



However, the technology faces the following obstacles,

1.Ammonia Carbon-free synthesis (cost reduction, efficiency 
improvement)

2.Power generation at utility-scale from ammonia 
production (stable, low emissions)

3.Public acceptance through safe regulations and 
appropriate community engagement.

4.Economics – profitable scenarios (cannot be applied 
everywhere)

Challenges



Opportunities



Emissions and Delivery Fuel Cost of various options 
(report 2023, 145 pages)

Developments – 
Boilers/Furnaces



Pure and Residual ammonia can be used for extra power

• Works in collaboration with TATA steel and the South 
Wales Industry led to the recognition of several 
streams, product of waste gases, from which ammonia 
can be recovered for additional power generation via 
engines, gas turbines or furnaces.

• These work secured funding from DESZN to replace 
LPG by Ammonia in medium scale boilers (>1MW).  

Developments – 
Boilers/Furnaces



• Develop a new generation of burners and facilities 
capable of using NH3 with ultra-low polluting emissions;

• Novel concepts include

– Fuel Stratification

– Temperature Control

– Integrated Ammonia Cracking

– Hydrogen Sieving

– Artificial Intelligence

– Advanced Computational Design

– Bespoke Storage and Delivery Systems

– Etc. 

to reach >1MW clean ammonia combustion with 
reduced retrofitting of existing units. 

• Developments will enable 

– Patents for 

• new burners

• feeding systems

• control strategies

• cracking devices

• etc. 

– Large academic dissemination (PhDs, conferences and 
industrial events)

– Commercialization of the technology - estimated market of 
~£700M in the next 15 years;

– More than 70 direct jobs;

– Active support in the creation of ISO Standards

Net Zero through British Innovation Exploitation Plan

Developments – 
Boilers/Furnaces



Stratification appears as a good potential for NOx mitigation 
whilst enabling good flame stability (Mashruk et al 2023 JAE).

Stratification brings down NO whilst 
complex CFD models validate the 

stable nature of the flame.

Developments – 
Boilers/Furnaces



Developments – 
Boilers/Furnaces

Fundamental work on cracking, thermoacoustics, 
radiation, neural networks and chemical kinetics 

(presented at the 3rd Symp Ammonia Energy)



Developments – 
Boilers/Furnaces

Commissioning, Control Design using AI, Bespoke 
Protocols, HAZID/HAZOP, Dispersion analyses



Developments – 
Boilers/Furnaces

Advanced CHT analyses of more than 200 cases provided details 
for improvement and best blend. Dispersion modelling was also 

used for Safety purposes.



Developments – 
Boilers/Furnaces

Concluded

•HAZOP and Dispersion Analyses

•300-500 kW facility at Cardiff University

•Ultra-low emissions at 25 kW

•High quality validation of CFD modelling

•Acquisition of advanced measuring systems

Ongoing

•Testing 300-500 kW burner

•Develop bespoke ammonia delivery unit

•Design of novel fuelling control

•Discussions for a new Technical Specification

•Evaluation of novel methods for emissions control

Next Steps

•Commissioning offsite 1MW facility

•Technical Specification

•Demonstration 4 weeks continuous running 1MW 

•Leaning out components manufacturing for cost reduction

Final Outcomes

• Design of a burner/cracker concept for medium 
heating scale heating applications

• Techno-economic analysis for national/international 
implementation
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Public Perception and 
Safety

Appl Energy 2017. 
https://doi.org/10.1016/j.apenergy.2016.10.088.

HAZID and HAZOP analyses for the system at Cardiff, 
Spadeadam and final user site

Quest Consultants Inc. Comparative Quantitative Risk Analysis 
of Motor Gasoline, LPG and Anhydrous Ammonia as an 
Automotive Fuel. Iowa, USA: 2009. Courtesy of Quest.)



Conclusions

• Ammonia can be used for power purposes via combustion;
• Green ammonia produced from renewables is capable of storing and 

delivering stranded energy;
• Rural locations are a preferred option for the chemical for direct fuelling 

applications;
• Fundamental analyses show stable regimes, whilst the potential of in-situ 

cracking improves combustion features;
• Robust developing, complex integration and advanced modelling have 

served to establish a unique facility for large scale demonstration. 
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