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1. EXECUTIVE SUMMARY  
 
This document provides a concise overview of the market opportunities, customer base, and market 
segmentation of the ammonia cracking technologies proposed in the ANDREAH project. The project 
focuses on a novel system for ammonia cracking based on a catalytic membrane reactor (CMR) and aims 
to highlight its value proposition. The CMR technology offers a more efficient and cost-effective solution 
for ammonia cracking compared to traditional methods. This innovation is expected to reduce greenhouse 
gas emissions and support the transition to renewable energy sources. 
 
A value proposition map will be provided, analysing the tasks that potential customers are trying to 
accomplish, their frustrations, and what they hope to achieve in order to understand how ANDREAH 
creates value for customers and can identify areas for improvement or opportunities to differentiate 
themselves from competitors. ANDREAH solution will provide a promising approach to meeting 
decarbonization targets, overcoming energy efficiency challenges, ensuring renewable energy availability, 
high purity of the hydrogen, reducing costs, promoting sustainability, and providing a competitive 
advantage compared to traditional methods. 
 
1.1. Description of the deliverable content and purpose 
 
The ANDREAH project aims to develop an innovative ammonia cracking system based on a Catalytic 
Membrane Reactor (CMR) to produce ultra-pure hydrogen. This addresses the growing demand for green 
ammonia and hydrogen as energy carriers to support the transition to a low-carbon economy. 
 
The document is structured into the following sections: 
 
2. ANDREAH Related Market Analysis 
 
This chapter delves into the broader context and drivers behind the growing demand for ammonia cracking 
technologies. It examines the role of ammonia as a promising hydrogen carrier and energy vector in the 
transition towards a low-carbon economy. The chapter also highlights the current state of the ammonia 
cracking market, including the limitations of conventional systems and the need for more efficient, scalable, 
and sustainable solutions. 
 
2.1 Market Opportunities 
 
This section explores the significant growth opportunities in the ammonia cracking market, driven by the 
projected increase in global ammonia demand and the potential applications of ammonia as a clean energy 
source. It also discusses the collaborative nature of the industry and the importance of partnerships in 
driving advancements in this domain. 
 
2.2 Target Customers and Market Segmentation 
 
The document then outlines the key target customer segments for ammonia cracking technologies, 
focusing on industries and sectors seeking to decarbonize their operations and transition to renewable 
energy sources. It also presents a market segmentation analysis based on factors such as ammonia type, 
application, and geographical region. 
 
2.3 Competing Solutions to ANDREAH Innovation 
 
Finally, the document provides an overview of the competing ammonia cracking solutions in the market, 
including various technological approaches and their respective benefits and limitations. It also discusses 
the business models and strategies employed by the key players in this space, highlighting the importance 
of leveraging existing infrastructure, developing modular and scalable systems, and fostering strategic 
partnerships. 
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3. Value proposition of the ANDREA solution  
 
3.1 Introduction to value proposition 
 
This section provides a state of the art of the different cracking technology solutions, analysis of 
ANDREAH’s aspects that make this project different from the state of the art of technology, and impact on 
the customer.  
 
3.2 Value proposition map 
 
The document explores a value proposition map that helps understand potential hydrogen consumers and 
develop value propositions. It consists of two sections: the Customer Profile, which identifies customer 
tasks, frustrations, and aspirations, and the Value Map, which shows how an ammonia cracking solution 
can address these issues. The Value Map includes the Product, Gain Creators, and Pain Relievers, 
providing insights into how the product or service creates value for customers and identifies areas for 
improvement or differentiation. 
 
3.3 Market uptake 
 
This section includes the primary components of the market uptake thorough market analysis, product 
evaluation, customer assessment, and market growth strategies. 
 
By covering these key aspects, the document aims to give readers a comprehensive understanding of the 
market landscape and the value proposition of the ANDREAH project's innovative ammonia cracking 
technology. 
 
1.2. Brief description of the state of the art and the innovation brought 
 
Ammonia decomposition, or ammonia cracking, is a commercial process used to produce forming gas for 
metal welding, as an inert gas in the petrochemical industry and for stationary power generation in low-
temperature alkaline fuel cells. 
 
Typical catalysts include noble metals such as Ruthenium (Ru), Cobalt (Co) Iron (Fe) and Nickel (Ni) and 
usually, it operates in the range between 850 - 1000 °C. Ammonia large-scale cracker development is 
ongoing but there are not currently several units in operation, several developers like Topsoe, Amogy and 
KBR have several medium-scale developments.  
 
Regarding researching companies, attending to ammonia cracking, Air Products and Chemicals is the 
developer with more patents in place with more than 40 out of 229 patents present, followed by Topsoe 
and Equinor, with 11 and 8, respectively. The footprint of research is focused mainly on China with around 
40 % of the patents, followed by EPO (European Patent Office), PCT (Patent Cooperation Treaty), and 
the United States. In addition, the publication dates of the patents show an increased interest in this 
technology skyrocketing from 2 patents during 2016 to 62 patents during 2023. 
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2. ANDREAH related Market Analysis 
 
One of the most important problems facing humanity today is climate change. Because of human activity, 
greenhouse gasses like carbon dioxide and methane are released into the atmosphere, affecting Earth's 
temperature. The planet's temperature rises because of these gases' ability to retain solar heat. Rising 
sea levels, increasingly frequent and severe weather events, and ecological changes are just a few of the 
effects of climate change that are now being felt globally. 

To lessen the impact of climate change, a renewable economy must be adopted worldwide. This entails 
cutting back on greenhouse gas emissions from a variety of industries, including transportation, energy, 
and manufacturing. The creation of sustainable, renewable energy sources that can take the place of fossil 
fuels is one of the main answers to this problem. 

Because it has the potential to be a major component of a renewable energy system, hydrogen is 
frequently referred to as "the fuel of the future". Since water is the only result of burning hydrogen, it is a 
clean and sustainable energy source. Numerous processes in industry, transportation, and power 
generation can all benefit from the utilization of hydrogen. 

Nonetheless, there are several obstacles in the way of hydrogen's broad use as a fuel. The absence of a 
sophisticated infrastructure for hydrogen generation, storage, and distribution is one of the primary 
obstacles. Most of the hydrogen produced now comes from fossil fuels, which is incompatible with the 
objective of lowering greenhouse gas emissions. In addition, because of its low density and requirement 
for specialized equipment, hydrogen can be expensive and challenging to store and transport. 

The hydrogen supply chain will require large expenditures and technologies to meet these difficulties. 
Creating novel methods for producing renewable hydrogen, such as electrolysis using renewable energy 
sources, is part of this. It also necessitates the creation of economical and practical ways to store and 
move hydrogen across large distances.  

In the absence of a worldwide solution to address the supply-demand imbalance, the broad accessibility 
of hydrogen as a fuel source will continue to present difficulties. Around the world, businesses, 
governments, and academic institutions are attempting to resolve these problems and realize hydrogen's 
potential as an essential instrument in the fight against climate change. 

Ammonia is regarded as the best hydrogen transporter when it comes to large-scale, long-distance 
transportation. First off, the industrial fertilizer and chemical industries have long used ammonia, which 
has created a solid infrastructure that might make the switch to hydrogen energy distribution easier. The 
distribution of hydrogen energy might be facilitated by utilizing the production facilities, transportation 
networks, and storage facilities that are now in place. 

Among all hydrogen transporters, ammonia has the highest energy and hydrogen density and is a carbon-
free liquid. This indicates that, in comparison to other hydrogen carriers, it has a higher energy storage 
capacity per unit of mass and volume, making it more effective for long-distance transportation. Since 
ammonia can be liquified and kept in liquid form for extended periods of time at ambient pressure, it is also 
quite straightforward to transport and distribute across great distances. This is accomplished by bringing 
the ammonia's temperature down to less than -33°C, which is doable using common refrigeration methods. 

Since ammonia can be liquefied, it becomes a more cost-effective and efficient solution for long-distance 
transportation by lowering the weight and volume of the hydrogen carrier. This is especially crucial for the 
distribution of hydrogen energy, since transportation expenses might account for a sizeable amount of the 
energy's total cost. 

An effective ammonia cracking solution is required to fully utilize ammonia as an energy carrier. The 
process of ammonia cracking turns ammonia back into hydrogen, which can be utilized as a clean energy 



 D1.1 
Market and stakeholder analysis 

Proj. Ref.: ANDREAH-101112118 
Doc. Ref.: ANDREAH-WP1- D11-
DLR-RINA-C-09072024-final.pdf 

Date: 09/07/2024 
Page Nº: 6 of 33 

 

 

Security level: RINA/CL/SENSITIVE 

source. In order to effectively convert ammonia into hydrogen while reducing energy losses and emissions, 
new materials and methods must be developed. 

The widespread use of ammonia as a hydrogen transporter depends on the creation of effective ammonia 
cracking solutions. This entails fusing cutting-edge reactor designs and process control systems with 
cutting-edge materials like catalysts and membranes. Ammonia is a feasible option for long-distance 
hydrogen transport because it can achieve high conversion rates, low energy consumption, and minimal 
emissions by optimizing these components. 

In conclusion, because of its well-established infrastructure, high energy and hydrogen density, ease of 
transportation, and potential for effective conversion back into hydrogen through ammonia cracking, 
ammonia is the perfect hydrogen carrier for long-distance transport at scale. The widespread use of 
hydrogen energy and the realization of ammonia's potential as an energy carrier depend on the 
development of effective ammonia cracking solutions. 

The goal of ANDREAH is to create innovative, effective methods for producing green hydrogen using 
ammonia cracking. The development of advanced materials (catalysts, sorbents, and membranes) and 
their combination in a compact multifunctional CMR with optimized heat management for ammonia 
cracking (2NH3(g) ↔N2(g) + 3H2(g), ΔH298K = 46 kJmol-1) is made possible by the unique experience of the 
involved industrial and academic partners. The project will integrate materials science, modelling, process 
design, advanced 3D manufacturing, ecological sustainability, economic viability, and process 
intensification ideas (reaction and separation) to achieve these goals. In order to boost the rate of H2 

production, membranes for hydrogen separation will be combined with cutting-edge catalysts in creative 
CMR. Through selective in situ hydrogen removal from the process, the equilibrium constraints are 
overcome, allowing operation at lower temperatures to achieve better conversions and performances.  

To make sure that the purity of hydrogen is within specifications, enhanced sorbents will be created with 
high working capacity and low degradation under repeated capture/regeneration cycles. Furthermore, the 
catalyst that has been designed will have the ability to bypass the process's rate-limiting step, which is the 
re-combinative desorption of nitrogen at low temperatures. In conclusion, the novel catalyst-activated 
conductive OCF or POCs is a good fit for the membrane reactor concept because it enhances heat transfer 
and mass transfer to the membranes for a more consistent temperature, lowering the possibility of a hot 
spot and increasing conversion efficiency. In addition, OCF and POCs exhibit higher geometric specific 
surface and porosity than conventional packed systems, which optimizes catalyst utilization. As a result, 
less catalyst can be loaded. TRL5 will host an experimental demonstration of the idea. 

Ammonia cracking systems for industrial use are rather well-established and produced by several 
businesses. The Cleantech Group article1 states that conventional thermal cracking of ammonia occurs in 
a reactor using a catalyst at temperatures as high as 900°C. The heat needed for the process is produced 
by burning fossil fuels, either directly or indirectly.  

These conventional ammonia cracking systems lack the high-temperature heat that makes them suitable 
for small-scale applications. The article also notes that businesses such as Johnson Matthey have created 
nickel-based catalysts that can survive the extremely high operating temperatures (600-800°C) needed to 
achieve high efficiency for larger-scale, centralized ammonia crackers. The entire technology package 
offered by the business for large-scale ammonia cracking uses these catalysts. 

 
 
1 Hayton, I., 2023. Cracking Ammonia: Dissociation and Fuel Innovation. [Online]  
Available at: https://www.cleantech.com/cracking-ammonia-dissociation-and-fuel-innovation/ 
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Furthermore, Spatolisano et al. 2 state that ammonia cracking finds industrial application at small scale 
with capacities from 1 to 1500 kg H2/day (from 0.2 to 118 t H2/y) in the field of metallurgy to ensure on-site 
hydrogen production. This suggests that conventional medium to large-scale ammonia cracking systems 
are commonly used in the metallurgical industry. 

To sum up, ammonia cracking systems on an industrial scale have reached a relatively advanced stage. 
Several businesses provide packed-bed reactors and electric furnace solutions, especially for the 
metallurgical sector.  

2.1. Market opportunities 
 
Since ammonia is utilized in many different industries, most notably agriculture, the market for it is already 
rather large.  

The demand for ammonia is expected to rise significantly under the Sustainable Development Scenario 
and Net Zero Emissions by 2050 Scenario due to its potential use not only for traditional usage but also 
as an energy carrier. This is in line with the IEA's Ammonia Technology Roadmap3. 

While the demand for ammonia for conventional uses (such as fertilizers and industrial applications) is 
predicted to increase to about 230 Mt by 2050 in the Sustainable Development Scenario, an additional 
125 Mt of ammonia is anticipated to be used as an energy carrier, primarily as a maritime fuel and in co-
firing for the power sector. This raises the total amount of ammonia required in this scenario to 355 Mt by 
2050, nearly twice as much as the 185 Mt produced worldwide in 2020. 

The IEA analysis projects that the entire ammonia demand, encompassing conventional usage as well as 
energy carrier applications, will reach around 355 Mt by 2050 in the Net Zero Emissions by 2050 Scenario. 
The expanding use of ammonia as a clean energy vector to promote the decarbonization of hard-to-abate 
sectors, like power generation and maritime transport, is the primary cause of this notable growth in the 
overall demand for ammonia. 

Ammonia's potential usefulness is increasing. It has enormous potential as an energy carrier because it is 
a molecule consisting of hydrogen and nitrogen that can be carried safely and transformed at scale to 
produce hydrogen. The ANDREAH project supports this by stating that, although a large supply of green 
ammonia in Europe would be beneficial to many hard-to-abate sectors, the development of ammonia 
cracking technologies is still necessary to fully realize the promise of ammonia as a hydrogen carrier. 

Hard-to-abate sectors represent significant market opportunities for ammonia as a clean energy carrier 
and hydrogen source: 

• Iron, steel, and cement industries: These heavy industries are major contributors to global 
greenhouse gas emissions. Ammonia can be used as a fuel or reducing agent in the production of 
iron, steel, and cement, helping to decarbonize these hard-to-abate sectors that are crucial for 
construction and the automotive industry. 

• Aviation: The aviation industry is a significant consumer of kerosene, a fossil fuel. Ammonia, a 
promising hydrogen carrier for sustainable aviation, can be used to produce hydrogen via ammonia 
cracking, reducing the industry's reliance on fossil fuels and carbon footprint by leveraging 
renewable energy sources and existing infrastructure. 

• Road freight: Heavy-duty trucks are a major source of emissions in the transportation sector. 
Ammonia can be used as a fuel for trucks, providing a renewable alternative to diesel. 

 
 
2 Spatolisano, E. et al., 2023. Ammonia as a Carbon-Free Energy Carrier: NH3 Cracking to H2. Industrial & 
Engineering Chemistry Research, 10 July, Volume 62, pp. 10813-10827. 
3 International Energy Agency, 2021. Ammonia Technology Roadmap, France: IEA 
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• Petrochemicals: The petrochemical industry relies heavily on fossil-based naphtha. Ammonia can 
be used to produce e-naphtha, a renewable alternative that can be integrated into existing 
petrochemical processes, or it can be cracked to produce H2. 

• Maritime transport: The shipping industry currently uses methanol and liquefied natural gas (LNG) 
as marine fuels. Ammonia is emerging as a promising renewable fuel for the maritime sector, 
helping to decarbonize this hard-to-abate industry. 

• Fertilizers: The production of fertilizers, which are essential for food and beverage production, is a 
major consumer of ammonia. Transitioning to green ammonia produced from renewable sources 
can help reduce the carbon footprint of the food and beverage industry. 

In regions where renewable energy sources like the sun, wind, and water are plentiful, ammonia can be 
manufactured from hydrogen with minimal environmental impact using other renewable power sources. 
Through the creation of a novel system based on a Catalytic Membrane Reactor (CMR) for the ammonia 
cracking process, the ANDREAH project seeks to deliver a quantum leap in the development of 
sophisticated ammonia breakdown technologies to produce ultra-pure hydrogen. 

Due to the ammonia market's current existence, a large-scale worldwide supply chain infrastructure for its 
manufacture, distribution, and consumption is already in place; however, to move larger quantities of 
ammonia in a context of green energy vector, this infrastructure needs to be scaled up with more ships, 
more storage facilities, and enhanced safety measures to avoid potential issues with this new application 
of ammonia, which provides a solid foundation for the increased use of ammonia as a green energy vector 
while requiring investments in shipping, storage, and safety to meet the demands of the green energy 
market. This makes it possible for areas with a surplus of renewable energy to export ammonia to 
consumers all over the world, where it can break back into hydrogen. Ammonia cracker facilities for 
hydrogen generation are presently being examined in several northern European ports, including 
Wilhelmshaven and Rotterdam, according to Proton Ventures4. 

53% of the world's CO2 emissions are produced by potential users of ammonia-based membrane reactors 
for the production of green hydrogen. This emphasizes how much of an impact developing effective 
ammonia cracking technologies could have on lowering greenhouse gas emissions worldwide. 

2.1.1. Key players and Market Share 
 
Rather of concentrating only on the cracking process, ammonia cracking initiatives also aim to build 
partnerships throughout the value chain. These projects frequently entail public-private collaborations in 
which several organizations work together to create commercially viable and large-scale ammonia 
cracking technology5. To expedite advancements in this domain, the focus is on coordinating the value 
chain and encouraging partnerships. 

Projects frequently incorporate a single port into the consortium in order to make it easier to create an in 
situ commercial or pilot facility, demonstrating a pragmatic approach to execution. Finding a single leader 
in ammonia cracking can be difficult because the industry is collaborative and diversified and many 
different entities contribute knowledge, ideas, and developments to make the sector progress. 

Some of the key players are listed here.  

 
 
4 Proton Ventures, 2023. Ammonia cracking as part of the Proton Ventures ammonia value chain. [Online]  
Available at: https://protonventures.com/news/ammonia-cracking-as-part-of-the-proton-ventures-ammonia-value-
chain/ 
5 Ecuity; Engie; STFC; Siemens, 2020. Ammonia to Green Hydrogen Project, Birmingham: Ecuity. 
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Table 1. Key Players (Start-ups). 

Name 
Year of 

Foundation 
Origin Activity 

H2Site 2019 Spain 

Their two configurations - High efficiency energy carriers 
and membrane reactors, or hydrogen blend and membrane 
separator - allow them to provide solutions for hydrogen 
transport. One of the main obstacles to the widespread use 
of hydrogen as a clean fuel is the problem of hydrogen 
transport, which is addressed by H2Site's solutions. The 
cost of manufacturing hydrogen can increase by 80-300% 
with current technologies. Hydrogen can be transported 
economically and effectively with H2SITE's membrane 
reactors and separators since they allow the utilization of 
current energy sources and infrastructure. 

Proton 
Technologies 

2014 Canada 

Currently in use at the University of Twente's high-pressure 
laboratory in the Netherlands is a high-pressure ammonia 
cracking testing facility. This is necessary to verify the 
operational performance in conditions that are relevant to 
industry and to test new cracker designs. 

H2Pro 2019 Israel 

To ensure that hydrogen and oxygen never combine, E-
TAC separates the evolution processes of hydrogen and 
oxygen into two stages. As a result, the membrane—the 
most costly and fragile component of an electrolyser—is no 
longer necessary. 

 

Table 2. Key Players (Projects). 

Name 
Year of 
Found
ation 

Quantity Activity 

At-scale project - Air 
Liquide / KBR / Port 
of Antwerp 

2023 NA 
Industrial-scale ammonia cracking pilot facility at the 
Belgian port of Antwerp. 

Hanwha Impact and 
Daesan Port in South 
Korea 

2023 
200 tons of 
H2 per day 

Hanwha Impact has awarded KBR a license and 
engineering design contract for a commercial 
ammonia cracking unit in Daesan. 

Johnson Matthey 
and Doosan 
Enerbility in South 
Korea 

2023 N/A 

Closed-cycle gas turbine power plants powered by 
hydrogen. Johnson Matthey will supply the catalysts 
and breaking technologies needed to turn ammonia 
into pure hydrogen fuel, and Doosan is working on a 
380 MW gas turbine that runs entirely on hydrogen. 

EnBW, VNG and Jera 2023 N/A 
They will jointly conduct a feasibility study to evaluate 
the construction of an ammonia cracker 
demonstration plant at the Port of Rostock. 

Ammogen 
consortium 

2023 
200kg / 

hydrogen / 
day 

At Tyseley Energy Park, the Ammogen collaboration 
has started building a commercial-scale ammonia 
cracker. It showcases enhanced technology, 
collaboration between the public and commercial 
sectors, and the utilization of current port 
infrastructure and resource centres. 
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Mitsui & Co., Mitsui 
Chemicals, IHI 
Corporation and the 
Kansai Electric 
Power Company 

2023 N/A 

They intend to investigate the creation of an Osaka-
based supply chain for hydrogen and ammonia. In 
order to decarbonize the production of power, 
ammonia fuel will be cracked and utilized as a 
feedstock for other industrial processes, such as the 
production of steel. 

Port of Rotterdam 
Authority and 17 
other companies 

2023 
1 Mt 

H2/year 

Last December, a pre-feasibility study results have 
just been released, with the conclusion that it is 
“technically and economically feasible to safely 
convert ammonia into 1 million tons of hydrogen per 
year using a large-scale cracker” at the Port. 

Niedersachsen 
Ports, Uniper and 
Tree Energy 
Solutions 

2026 
2.6 Mt 

NH3/year 

They will conduct a technical feasibility study that will 
eventually allow imports of around 2.6 million tonnes 
of ammonia per year at Wilhelmshaven port. 

Air Products and 
Mabanaft 

2026 N/A 

Air Products and Mabanaft announced their intention 
to build Germany's first large-scale, green energy 
import terminal in the Port of Hamburg. The intention 
is to convert the ammonia to green hydrogen via Air 
Products’ facilities in Hamburg 

RWE 2026 
300 kt 

NH3/year 

RWE will develop an ammonia terminal with annual 
capacity of some 300,000 tonnes of green ammonia 
in Brunsbüttel. In the next stage, the plan is to set up 
a large industrial-scale cracking unit at the terminal, 
to convert the ammonia back into green hydrogen on-
site. 

BP 2028 
130 kt 

H2/year 

Bp’s plans include an industrial-scale ammonia 
cracker to produce up to 130,000 tonnes of hydrogen 
per year, starting in 2028. 

 

Table 3. Key Players (Researches). 

Name Activity 

AFC Energy in UK 

With the introduction of their new ammonia cracker technology platform, 
AFC Energy hopes to "revolutionize" ammonia cracking by facilitating the 
large-scale production of renewable hydrogen. Because of the platform's 
low-cost system architecture and modular design, the technology is easily 
scalable. 

Linde & Aramco in 
Germany 

MoU to jointly develop ammonia cracking technology based on a new 
cracking catalyst jointly developed by Aramco and the King Abdullah 
University of Science and Technology (KAUST). In addition, they plan to 
build a demonstration plant in Germany to showcase the new technology. 

Fraunhofer Institute for 
Microengineering and 
Microsystems 

Ammonia breaks into hydrogen and nitrogen in the Fraunhofer IMM 
AMMONPAKTOR reactor, emitting very little nitric oxide. The reactor will 
be developed for ship engines and automobile fuel cells. 

Sunborne Systems in 
UK 

In Oxford, Sunborne Systems successfully conducted a demonstration of 
its ammonia cracking reactor, generating a fuel blend that could run a small 
car or small generator. 

Australia’s national 
research organisation 
CSIRO 

Small-scale manufacturing, fuel cells, combustion engines, and an ongoing 
collaboration with Fortescue Future Industries to create and implement 
metal membrane technology for ammonia cracking systems are all being 
done. 
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2.2. Target Customers and Market Segmentation 
 
Industries and sectors aiming to shift to renewable and renewable energy sources and decarbonize their 
operations are among the target markets for ammonia cracking technologies. Ammonia cracking 
technologies serve clients in a variety of industries, including transportation, hard-to-abate sectors, and 
power plants, who are looking for reliable and effective ways to produce hydrogen. Customers looking to 
close the hydrogen supply-demand gap will find these technologies highly pertinent, especially in light of 
the global movement towards net zero emissions and the growing market for high-purity, renewable energy 
products. 

Ammonia cracking methods can be advantageous to a variety of industries, including energy production, 
steel manufacture, on-land vehicle manufacturing, transportation, brick manufacturing, and shipping. 
Customers wishing to use ammonia as a hydrogen carrier for long-distance transport at scale will find it 
appealing due to its adaptability and scalability, as well as its well-established infrastructure, renewable 
production routes, and high energy density. 

Overall, a wide range of businesses that are actively looking for cutting-edge ways to decarbonize their 
operations, cut emissions, and switch to sustainable energy sources make up the target market for 
ammonia cracking technology. In Table 4 are presented some of the possible target customers for the 
ANDREAH solutions. 

Table 4. List of Target Customers. 

Fertilisers 

The fertilizer sector is a key target customer for ammonia cracking technologies. Ammonia is a critical 
feedstock for the production of nitrogen-based fertilizers, and the existing infrastructure for ammonia 
production, transportation, and storage can be leveraged for the development of a hydrogen economy. 

Fertilizer companies that could benefit from ammonia cracking technologies include: 

• Yara International: One of the world's largest ammonia producers and a major player in the 
fertilizer industry. 

• CF Industries: A leading global manufacturer of hydrogen and nitrogen products for fertilizers. 

• Nutrien: The world's largest provider of crop inputs and services, with a significant presence in 
the ammonia and fertilizer market. 

• OCI N.V.: A major producer of nitrogen fertilizers and industrial chemicals, with a focus on 
ammonia and urea. 

• Acron Group: A Russian fertilizer company that produces ammonia, urea, and other nitrogen-
based products. 

By leveraging existing ammonia infrastructure and expertise, fertilizer companies can potentially 
diversify their product portfolios and contribute to the development of a global hydrogen market. 
Ammonia cracking technologies can enable these companies to produce and supply renewable 
hydrogen to various sectors, including power generation, transportation, and industrial applications. 

Refinery 

The industrial use of hydrogen is already a major global business, with a total demand of around 115 
million metric tons in 2018 (60% for ‘pure’ hydrogen and 40% for hydrogen-based fuels). In financial 
terms, this represents about USD 135.5 billion. 

Today, industrial applications for hydrogen are dominated by the use of hydrogen as a chemical agent 
in oil refining and fertilizer production. According to the IEA, the current top four industrial uses are “oil 
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refining (33%), ammonia production (27%), methanol production (11%) and steel production via the 
direct reduction of iron ore (3%)”: 

 

Figure 1. Today’s hydrogen value chains. Source: IEA )2019). The future of Hydrogen. p. 32 All rights reserved. 

Since the main use of hydrogen is currently as an oil refining, petrochemical companies are the ones 
that will have the fastest need to decarbonize, because they are the largest consumers of grey hydrogen 
(hydrogen produce with natural gas in a Steam Methane Reformer (SMR)) at the current time and 
because they are the ones that will have the most penalties and incentives in the fuels they have to 
produce, since Renewable Energy Directive forces to replace 42% of the today´s hydrogen consumption 
in industrial processes in Europe with renewable hydrogen by 2030. In this sector, there are also 
European obligations coming into place from 2025 for the consumption of e-SAF, the FuelEU aviation 
will force fuel suppliers to produce 2% of e-SAF by 2032 and increase this quota up to 35% in the year 
2050.

 

Figure 2. Source: Owned elaboration with data from Fuel Cells and Hydrogen Observatory – Hydrogen Demand. 

 

• TotalEnergies is launching a call for tenders for the supply of 500,000 tons per year of green 
hydrogen. The use of green hydrogen should avoid the emission of around five million tons of 
CO2 each year from the Company's European refineries by 2030. 

• Neste is the world's leading SAF producer, offering SAF made from sustainably sourced 
renewable waste and residues such as used cooking oil and animal fat waste. They have the 
target to be carbon neutral by 2035 and proof of that is working in a project to develop 120 MW 
of electrolyzer capacity to decarbonize their hydrogen consumption in their Porvoo refinery. 

https://www.fchobservatory.eu/observatory/technology-and-market/hydrogen-demand
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• British Petroleum: The British company has launched the green hydrogen cluster of the Valencia 
region (HyVal) at its Castellón refinery. This public-private collaborative initiative is intended to 
be based around the phased development of up to 2GW of electrolysis capacity by 2030 for 
producing green hydrogen at bp’s refinery. 

• Galp is a Portuguese oil company that controls approximately 50% of the fuel trade and the 
entire refining capacity in this country. They took Final Invest Decision (FID) for 100 MW 
electrolyser in their refinery in Sines. In addition, they were awarded by the European Hydrogen 
Bank funding scheme for the construction of another 200 MW electrolyzer. 

In line with their specific strategies and needs, certain Oil&Gas firms are considering various options. 
These include manufacturing their own hydrogen, sourcing hydrogen from regions with abundant 
renewable energy, or a combination of both, given their substantial consumption levels. For those firms 
that intend to import hydrogen, the process of ammonia cracking will play a pivotal role in their business 
models. 
 

Jet Aviation 

Companies in the jet aviation sector could benefit from the availability of renewable hydrogen produced 
through ammonia cracking, since this hydrogen could be used for the production of SAF or directly used 
as liquid hydrogen. Several major players in the aviation industry are actively exploring the potential of 
ammonia and hydrogen as sustainable fuel sources: 

• Air France-KLM (IAG): As one of Europe's largest airline groups, Air France-KLM has set 
ambitious targets to reduce its carbon emissions. The company has been investing in 
sustainable aviation fuel (SAF) research and development, and could potentially benefit from the 
availability of renewable hydrogen produced through ammonia cracking to power its aircraft. 

• Lufthansa: The German airline has also been exploring alternative fuel options, including SAF 
and hydrogen. Lufthansa has partnered with various organizations to research and develop 
sustainable aviation technologies, and could leverage renewable hydrogen from ammonia 
cracking to reduce its environmental impact. 

• Airbus: The European aircraft manufacturer has been at the forefront of sustainable aviation 
research, with projects focused on hydrogen-powered aircraft. Airbus could potentially work with 
airlines to develop and deploy aircraft capable of using renewable hydrogen produced through 
ammonia cracking. 

• Cepsa and Repsol: These Spanish energy companies have been investing in SAF production 
and could potentially produce renewable hydrogen from ammonia cracking to supply the aviation 
industry. 

• Total: The French energy major has also been active in the SAF market and could explore the 
potential of renewable hydrogen from ammonia cracking to produce sustainable aviation fuels. 

These companies are well-positioned to benefit from the availability of renewable hydrogen produced 
through ammonia cracking, as it could enable them to reduce their carbon footprint and contribute to the 
decarbonization of the aviation sector. However, the adoption of these technologies will depend on 
factors such as cost, scalability, and infrastructure development. 

Steel 

Companies in the steel sector could benefit from the availability of renewable hydrogen produced 
through ammonia cracking for their manufacturing processes. Among these companies, there are 
several major players that could potentially adopt ammonia cracking technologies to reduce their carbon 
footprint and transition towards a more sustainable energy source. 

• ArcelorMittal: As one of the world's largest steel producers, ArcelorMittal has been actively 
exploring ways to reduce its carbon emissions. The company has set a target to reduce its 
carbon intensity by 30% by 2030 and has been investing in renewable energy and energy 
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efficiency measures. Ammonia cracking technologies could be a valuable addition to their 
sustainability strategy, enabling the production of renewable hydrogen for their manufacturing 
processes. 

• Techint: Techint is another major steel producer that could benefit from ammonia cracking 
technologies. The company has a strong focus on innovation and sustainability, and has been 
investing in research and development to reduce its environmental impact. Ammonia cracking 
technologies could be a key component of their sustainability strategy, enabling the production 
of renewable hydrogen for their manufacturing processes. 

• Tata Steel: Tata Steel is a leading steel producer with operations in several countries. The 
company has set a target to reduce its carbon intensity by 30% by 2030 and has been investing 
in renewable energy and energy efficiency measures. Ammonia cracking technologies could be 
a valuable addition to their sustainability strategy, enabling the production of renewable 
hydrogen for their manufacturing processes. 

• ThyssenKrupp is planning to use 100% hydrogen-capable direct reduction plant has an annual 
production capacity of 2.5 million metric tons of directly reduced iron. The first use of hydrogen 
in the plant combination is planned for 2028, with the ramp-up to full hydrogen operation to be 
completed in 2029. The use of around 143,000 metric tons of hydrogen (equivalent to 5.6 
terawatt hours) will enable up to 3.5 million metric tons of CO2 to be saved per year.  

• The German Government is supporting the German Steel Industry through public funding 
schemes, i.e. 6,8 million euros have been approved to develop hydrogen projects that are 
looking forward the decarbonization of this specific industry in Germany. Companies as 
ThyssenKrupp, Dillinger, ArcelorMittal or Salzgitter are already working on decarbonise part of 
its steel production processes, and on the other hand tenders to received renewable hydrogen 
that is going to be consumed by some of these companies have already started too.  

These companies are actively seeking innovative solutions to reduce their carbon emissions and 
transition towards a more sustainable energy source. Ammonia cracking technologies could be a key 
component of their sustainability strategy, enabling the production of renewable hydrogen for their 
manufacturing processes and helping them meet their carbon reduction targets. 

Non-Road Mobile Machineries 

Businesses in the non-road mobile machinery sectors may be potential users of ammonia cracking 
technologies as they look for cutting-edge ways to reduce their carbon footprint and switch to more 
environmentally friendly energy sources for their machinery and equipment. 

• HITACHI: As a major manufacturer of construction and mining equipment, HITACHI could benefit 
from the availability of renewable hydrogen produced through ammonia cracking to power their 
non-road mobile machinery. The company's construction and mining equipment, such as 
excavators, loaders, and haul trucks, could potentially be retrofitted or designed to run on 
hydrogen derived from ammonia cracking, reducing the environmental impact of their operations. 

• Caterpillar: One of the world's largest manufacturers of construction and mining equipment, 
Caterpillar could leverage ammonia cracking technologies to decarbonize their non-road mobile 
machinery. Caterpillar's extensive product portfolio, including bulldozers, graders, and off-
highway trucks, could be adapted to utilize the renewable hydrogen produced through ammonia 
cracking, enabling the company to meet increasingly stringent emissions regulations and 
sustainability targets. 

• KOMATSU: Another leading manufacturer of construction, mining, and industrial machinery, 
KOMATSU could potentially adopt ammonia cracking technologies to reduce emissions from 
their non-road mobile equipment. The company's diverse range of products, such as excavators, 
wheel loaders, and dump trucks, could benefit from the integration of ammonia cracking-derived 
hydrogen as a clean fuel source. 

• Aksa: As a manufacturer of power generation equipment, including generators for non-road 
mobile machinery, Aksa could benefit from the availability of renewable hydrogen produced 
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through ammonia cracking. The company's generators, which are often used to power 
construction and mining equipment, could be designed or retrofitted to utilize the hydrogen 
produced through ammonia cracking, contributing to the decarbonization of the non-road mobile 
machinery sector. 

• AngloAmerican: the English global mining company has a hydrogen powered mine truck that 
was presented at the Mogalakwena platinum mine, Limpopo, South Africa. The nuGenTM Zero 
Emission Haulage Solution Pilot is a hydrogen-powered ultra-class mine haul truck. It is an 
ambitious project that marks the first time that a truck of this size and load capacity (a 220-tonne 
truck with a load capacity of 290 tonnes = a total laden weight of 510 tonnes) has been converted 
to run on hydrogen that will be produced on-site in hybrid combination with a battery. 

Long Distance Trucks and Coaches 

Businesses that operate long-distance trucks and coaches may be potential users of ammonia cracking 
technologies as they work to reduce their carbon footprint and switch to more environmentally friendly 
energy sources for their fleets of vehicles. The transportation sector's strict emissions requirements and 
environmental goals may be met by these enterprises thanks to the availability of renewable hydrogen 
generated through ammonia cracking. 

• FedEx: As a major logistics company with a substantial fleet of long-distance trucks, FedEx 
stands to benefit significantly from the adoption of renewable hydrogen produced through 
ammonia cracking to power their vehicles. By leveraging this technology, FedEx can reduce 
emissions from their transportation operations and contribute to a greener logistics sector. 

• FlixBus: FlixBus, a long-distance coach operator, could potentially adopt ammonia cracking 
technologies to lower emissions from their fleet of coaches. Embracing renewable hydrogen 
derived from ammonia cracking could enhance FlixBus' sustainability efforts and position them 
as a leader in environmentally friendly long-distance travel. 

• XPO Logistics: Another major player in the logistics industry, XPO Logistics, with a notable 
presence in long-distance trucking, could utilize ammonia cracking technologies to decarbonize 
their transportation operations. By transitioning to renewable hydrogen produced through 
ammonia cracking, XPO Logistics can reduce their carbon footprint and contribute to a cleaner 
and more sustainable logistics sector. 

These companies, along with many others, could play a pivotal role in driving the adoption of renewable 
hydrogen technologies in the long-distance trucks and coaches’ sectors, fostering a more sustainable 
future for transportation and logistics. 

Power Generation 

Businesses in the power generation industry are potential users of ammonia cracking technologies, as 
they can import cheap, green ammonia and install turbines that can run on ammonia-hydrogen mixtures, 
leveraging ammonia cracking to decarbonize their operations. 

• Siemens Energy: As a major provider of power generation equipment and services, Siemens 
Energy could integrate ammonia cracking into their turbine technologies to enable the use of 
green ammonia as a fuel source. 

• General Electric (GE): GE is another leading manufacturer of power generation equipment, 
including gas turbines. They could develop ammonia cracking-compatible turbines to help power 
producers decarbonize. 

• Mitsubishi Heavy Industries (MHI): MHI is a global leader in power generation systems and has 
been exploring the use of ammonia as a fuel. They could leverage ammonia cracking to enable 
the use of green ammonia in their turbines. 

• Kawasaki Heavy Industries: As a pioneer in the development of liquefied hydrogen carriers, 
Kawasaki Heavy Industries has expertise in the ammonia supply chain. They could expand into 
ammonia cracking technologies for power generation applications. 
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• Hyundai Engineering & Construction: As a major engineering and construction firm, Hyundai 
E&C could provide integrated solutions that combine ammonia import terminals, storage 
facilities, and ammonia cracking systems for power producers. 

• Toshiba Energy Systems & Solutions: Toshiba is developing ammonia co-firing technologies for 
thermal power plants. Integrating ammonia cracking could allow them to offer a complete solution 
for using green ammonia as a fuel. 

 
These companies, among others, have the potential to play a significant role in enabling the use of 
ammonia cracking in the power generation industry as part of the transition to clean energy. 

 
Although the shipping industry is not specifically mentioned in this document as a primary target, it is 
possible that some shipping-related businesses could indirectly profit from the availability of renewable 
hydrogen produced through ammonia cracking, for instance, in their operations or logistics; however, the 
research results do not contain enough information to conclusively identify specific shipping companies as 
target customers for these technologies. The shipping industry may be involved in the transportation of 
ammonia as a hydrogen carrier to support the development of a global hydrogen market or use hydrogen 
produced via ammonia cracking as co-fuel in ammonia powered vessels; however, more research and 
assessment would be required to determine the viability and economic implications of utilizing ammonia 
cracking technologies in the shipping industry. 

 

Figure 3. ANDREAH's stakeholders map. 
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The CRM ammonia cracking market can be segmented based on several key factors6: 

• Cracker Type: The market is segmented by cracker type, with centralized and decentralized 
crackers. Decentralized crackers are gaining traction for on-site hydrogen production from 
ammonia. 

• Capacity: Ammonia crackers are categorized by capacity into small scale (<250 Nm3/hr), medium 
scale (250-1,000 Nm3/hr) and large scale (>1,000 Nm3/hr). The choice of capacity depends on the 
end-user application. 

• Catalyst Materials: Various catalyst materials have been investigated for ammonia cracking, 
including ruthenium (Ru), nickel (Ni), and platinum (Pt) supported on materials like alumina (Al2O3), 
silica (SiO2), and titanium oxide (TiO2). The catalyst choice impacts cracking efficiency and 
hydrogen purity. 

• Membrane Materials: Palladium (Pd) and Pd-alloy membranes are commonly used for hydrogen 
separation in ammonia crackers. The membrane thickness, porosity, and defect density affect 
hydrogen permeation and purity. 

• End-User Applications: Ammonia crackers are used in various applications like power generation, 
mobility, oil and gas, and metal processing. The growing adoption in power and mobility is expected 
to drive future market growth. 

• Competitive Landscape: Key players in the ammonia cracker market include catalyst and 
membrane manufacturers, reactor designers, and system integrators. Partnerships and 
collaborations are common strategies to advance the technology. 

• Region - Europe emerged as a frontrunner in the ammonia cracking market in 2022. The region's 
strong foothold in manufacturing, particularly in the metal industry, heat treatment, mobility, and 
various other sectors, played a pivotal role. The influence of industry giants like Siemens Energy 
and Thyssenkrupp AG, deeply integrated into the ammonia cracking supply chain, has significantly 
bolstered the market's growth prospects in the region. 

  

 
 
6 Richard, S., Ramirez Santos, A., Olivier, P. & Gallucci, F., 2024. Techno-economic analysis of ammonia cracking 
for large scale power generation. ScienceDirect, 19 June, Volume 71, pp. 571-587. 
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2.3. Competing solutions to ANDREAH innovation 
 
A viable method for producing hydrogen on a big scale without using carbon-based compounds is 
ammonia cracking. Using heat and catalysts, ammonia (NH3) is divided into nitrogen and hydrogen in this 
process. The following are some of the main benefits of using ammonia cracking to produce hydrogen: 

1. Established Infrastructure: Ammonia benefits from a well-established global production and supply 
chain infrastructure that can be effectively leveraged. 

2. Carbon-Free Fuel: Ammonia serves as a carbon-free liquid fuel with high energy and hydrogen 
density, facilitating easy storage and transportation. 

3. High-Purity Hydrogen: Ammonia cracking can efficiently produce high-purity hydrogen at scale. 
4. Efficient Catalysts: Catalysts like ruthenium enable ammonia cracking at lower temperatures (600-

750°C) with high conversion rates, enhancing overall efficiency. 
5. Energy carrier: ammonia allows to transport hydrogen from locations with long sun and wind hours 

to other locations with limited resources in order to produce cost-competitive hydrogen in these 
locations. 

Ammonia cracking solutions on a commercial scale are currently offered by businesses like Topsoe and 
Amogy. For example, Topsoe's H2Retake system has an amazing 96% energy efficiency and can handle 
ammonia feed quantities ranging from 100 to 3,400 MTPD. Additionally, Amogy is creating modular 
ammonia-to-hydrogen systems that may be used in a variety of industries, including the nautical and power 
generation sectors. 

Ammonia cracking and the growing production of green ammonia from renewable sources have a lot of 
promise to work together to offer a large-scale, inexpensive, and carbon-free hydrogen supply. In order to 
create a more sustainable energy landscape, this integration may be extremely important in the 
decarbonization of power production, transportation, and heavy industries. 

2.3.1. Overview of competing solutions 
 
ANDREAH's competing solutions for ammonia cracking could be focused on the following processes: 

• Thermo-catalytic Ammonia Cracking: This involves using heat and catalysts to split ammonia into 
hydrogen and nitrogen. The catalysts play a crucial role in improving the efficiency and lowering 
the operating temperatures. 

• Amide-Imide Catalysts for Ammonia Cracking: Novel catalyst materials based on amides and 
imides are being explored to enhance the ammonia cracking process. 

• Plasma for Ammonia Cracking: Using plasma technology to crack ammonia is another approach 
being investigated. Plasma can help initiate and sustain the ammonia decomposition reaction. 

• Catalysts Combining Plasma: Combining plasma with specialized catalysts is a strategy to further 
improve the efficiency and performance of ammonia cracking. 

• Electrolysis for Ammonia Cracking: Electrochemical methods, such as using aqueous alkaline 
electrolytes or nonaqueous liquid ammonia electrolytes, are being explored as alternative ammonia 
cracking pathways. 

• Photocatalysis for Ammonia Cracking: Utilizing photocatalytic processes to split ammonia is 
another innovative approach being researched. 

• Ammonia Reforming: Converting ammonia into hydrogen through reforming reactions is also being 
considered as a potential solution. 

• Partial Cracking for NH3 as an Energy Vector: Instead of fully cracking ammonia, partial cracking 
to improve its combustion characteristics is being explored as a way to utilize ammonia directly as 
an energy vector. 

The Haber-Bosch method has made ammonia synthesis, a well-established technology mostly used to 
produce nitrogen-based fertilizers, a pillar of the chemical industry for many years. But in order to meet 
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global decarbonization targets, ammonia production from fossil fuels contributes significantly to 
greenhouse gas emissions, it is necessary to switching to renewable ammonia. 

On the other hand, although ammonia must be cracked in order to make hydrogen, in order to use it as a 
vector for energy and a carrier of hydrogen, this process is not as developed as synthesis. This 
technological disparity emphasizes how crucial it is to develop successful and affordable ammonia 
cracking methods. The goal of ANDREAH's endeavour is to create novel ammonia breakdown 
technologies, namely through the use of a Catalytic Membrane Reactor (CMR) system, in order to produce 
ultra-pure hydrogen at temperatures lower than those of traditional techniques. ANDREAH wants to lower 
the capital and operating expenses related to ammonia cracking, making hydrogen production more 
commercially feasible. It does this by improving heat management, increasing conversion rates, and 
implementing cutting-edge purification and recycling techniques. 

The industry's commitment to advancing technology to make ammonia cracking more efficient, cost-
effective, and scalable for widespread implementation is demonstrated by the research and development 
efforts undertaken within ANDREAH and other projects. These endeavours are critical for facilitating the 
wider adoption of ammonia as a hydrogen carrier and energy vector, thereby aiding in the shift towards a 
more sustainable and decarbonized energy landscape. The industry is also committed to exploring 
competing processes, such as thermos-catalytic cracking, plasma cracking, and electrolysis. 

2.3.2. Business Models of competing solutions 

The business model for commercial ammonia cracking solutions involves several key aspects7: 

• Leveraging Existing Infrastructure 
Over 200 million tons are being produced annually by the worldwide ammonia industry, which also 
has a well-established supply chain and infrastructure for storage and transportation. By using this 
already-existing infrastructure, ammonia cracking can be accomplished at a lesser cost and without 
the need to construct brand-new infrastructure. This strategy makes it possible for ammonia 
cracking technology to be adopted and used more quickly. 
 

• Modular, Scalable Cracking Systems 
Ammonia cracking systems of a variety of sizes, from compact units for cars to massive industrial 
operations, are being developed by companies such as Amogy. The technology may be flexible 
used for power generation, hydrogen production, maritime shipping, and other applications 
because to its modular design. 
 

• Partnerships with Major Energy Companies and End-Users 
Startups that are breaking through the ammonia market are collaborating strategically with major 
players such as Aramco, Trafigura, Linde Engineering, Air Liquide, and more. These collaborations 
protect prospective clients, fund R&D and commercialization, and validate the technology. 
Collaborations also make it easier to incorporate ammonia cracking into already-existing processes 
and infrastructure. 
 

• Targeting High-Growth Markets for Clean Hydrogen and Ammonia 
Ammonia can be used as a carbon-free energy source and hydrogen feedstock thanks to ammonia 
cracking. Ammonia cracking can meet the growing demand for clean hydrogen in the 
transportation, energy, and industrial sectors. Applications like fuel cells and industrial operations, 
which call for high-purity hydrogen, are especially well-suited for this technique. 
 

 
 
7 Njovu, G., 2023. Ammonia cracking technologies gather traction across Europe. [Online]  
Available at: https://ammoniaenergy.org/articles/ammonia-cracking-technologies-gather-traction-across-europe/ 



 D1.1 
Market and stakeholder analysis 

Proj. Ref.: ANDREAH-101112118 
Doc. Ref.: ANDREAH-WP1- D11-
DLR-RINA-C-09072024-final.pdf 

Date: 09/07/2024 
Page Nº: 20 of 33 

 

 

Security level: RINA/CL/SENSITIVE 

• Continuous Innovation to Improve Efficiency and Lower Costs 
The goal of ongoing research and development is to increase the efficiency and economy of 
ammonia cracking through the development of better catalysts, reactor designs, and integration 
with renewable energy. As the technology advances, it may eventually outcompete fossil fuel-
based hydrogen production. Ammonia cracking is still a feasible and alluring choice for large-scale, 
carbon-free hydrogen production and delivery thanks to this ongoing progress.  
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3. Value proposition of the ANDREAH solution (IBER) 
 
3.1. Introduction to value proposition 
 
The ANDREAH system is a groundbreaking solution in the field of ammonia cracking technology. It’s 
designed to provide a more efficient, cost-effective, and sustainable method for ammonia decomposition, 
producing ultra-pure hydrogen. This is achieved through an innovative system based on a Catalytic 
Membrane Reactor (CMR). 
 
ANDREAH’s solution optimizes heat management, improves conversion per pass, and enables 
purification/recycling for more cost-efficient and resource-effective ammonia decomposition at lower 
temperatures compared to conventional systems. This results in a decrease in both capital and operational 
expenses of the system. 
 
Moreover, ANDREAH’s solution has a significant impact on customers. By providing a more efficient and 
cost-effective method for ammonia decomposition, customers can benefit from lower operating costs and 
a more sustainable production process. The production of ultra-pure hydrogen can have far-reaching 
implications for various industries, particularly those that rely on hydrogen as a key component in their 
processes. 
 
During the next chapters, the state of the art of the different cracking technology solutions, analysis of 
ANDREAH’s aspects that make this project different from the state of the art of the technology, and impact 
on the customer are provided. 
 
3.1.1. State of the art of cracking technology solutions 
 
Ammonia decomposition or ammonia cracking has been done at the commercial level mainly for the 
production of forming gas, which is in this case a mixture of nitrogen (acting as an inert gas) and hydrogen 
which is the active gas used to reduce oxides on metal surfaces for annealing processes in the metal 
industry. Other utilisations of ammonia crackers have been used in the petrochemical industry to generate 
nitrogen as an inert gas, in this case removing the hydrogen by combustion.  
 
In the metallurgy industry, an ammonia cracker unit is currently being used commercially for welding, 
brazing, and nitriding. The ammonia is preheated and then passed through a reactor that usually contains 
a Ni-based catalyst. The operation generally takes place at high temperatures, typically between 850-1000 
°C, to ensure complete conversion. Smaller units are heated electrically, while larger ones use a gas-
burning heater. The hydrogen productivity of these crackers varies from 1 to 1500 kg per day, with an 
energy efficiency typically ranging from 30% to 60%. The technology readiness level (TRL) for this process 
is 9. 
 
In addition, ammonia serves as a carbon-free hydrogen storage medium and carrier for the operation of 
off-grid fuel cells. Commercially available ammonia crackers are currently being used for stationary power 
generation in low-temperature alkaline fuel cells. The process involves passing vaporized ammonia 
through an electrically heated ammonia cracker at temperatures below 700 °C. The resulting mixture, 
which is approximately 75% H2 and 25% N2 with trace amounts of residual NH3 and water, can be directly 
fed into the fuel cell without the need for purification. 8 
 
A portion of the electricity generated by the fuel cell is used to power the electric heating system of the 
ammonia cracker. The current ammonia cracking technology combined with alkaline fuel cells can produce 
a power output ranging from 5 to 600 kW, which corresponds to a hydrogen production capacity ranging 

 
 
8 K. Trangwachirachai, K. Rouwenhorst, L. Lefferts, J.A. Faria Albanese, Recent Progress on Ammonia Cracking 
Technologies for Scalable Hydrogen Production. [Online] Available at: https://doi.org/10.1016/j.cogsc.2024.100945 
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from 12 to 1,410 kgH2/day at an efficiency of 35%. However, the challenge remains in capturing and 
utilizing the waste heat from the hot product stream.9 
 
Typical catalysts include noble metals such as Ruthenium (Ru), Cobalt (Co) Iron (Fe) and Nickel (Ni).10 11 
Ammonia large-scale cracker development is ongoing but there are currently no units in operation. Large-
scale crackers are designed in a similar way to primary methane reformers currently installed for producing 
hydrogen from natural gas. The design is similar because of the utilisation of a typical top or side-fired, 
packed-bed multi-tubular reformer reactor for the ammonia cracking, but most importantly because of the 
utilization of natural gas to provide the energy necessary to perform the reaction. 
 
Since large-scale crackers are driven by low or zero-carbon hydrogen applications, the extent of utilization 
of natural gas, if any, has to be accounted for in the carbon intensity of the process, and other low or zero-
emission fuel sources are needed. Designs also exist using ammonia or hydrogen combustion instead of 
natural gas, as well as electricity.  
 
Ammonia cracking solutions on a commercial scale are currently offered by businesses like Topsoe and 
Amogy. For example, Topsoe has a process for the production of a product gas containing nitrogen and 
hydrogen, generated from ammonia, comprising the steps of non-catalytic partial oxidation of ammonia 
with an oxygen-containing gas to a process gas-containing nitrogen, water, amounts of nitrogen oxides 
and residual amounts of ammonia.  
 
Topsoe's commercially proven and highly energy-efficient ammonia cracking solution H2Retake system 
has an amazing 96% energy efficiency and can handle ammonia feed quantities ranging from 100 to 3,400 
MTPD of ammonia. The product specification claims from cracked gas (75% H2 / 25% N2) to hydrogen 
with a purity of 99.999%. Topsoe claims to have the only industrially medium scale proven ammonia 
cracking plant in Arroyito, Argentina, with a capacity of up to 2 X 2,400 MTPD in two parallel lines. All the 
core components of H2Retake, including catalyst technology and supporting solutions, have achieved a 
Technology Readiness Level (TRL) of 9.12 
 
Additionally, Amogy is creating modular ammonia-to-hydrogen systems that may be used in a variety of 
industries, including the nautical and power generation sectors. KBR has developed a technology called 
H2ACT. This process begins with liquid ammonia, which is heated and then sent to a “vaporizer preheat” 
that partially dissociates it. A large cracking furnace then completes the conversion of ammonia into 
hydrogen and nitrogen, before the last stage of hydrogen purification with a pressure-swing adsorption 
system. KBR claims to be ready now for developing cracking systems up to 1,200 MTPD of hydrogen.13 

The world’s first commercial ammonia cracking unit using this technology was awarded a license and 
engineering design contract by Hanwha Impact Corporation in Daesan, Republic of Korea, in September 
2023, which will be designed to deliver over 200 MTPD of hydrogen as fuel by 2027. About 80% of the 
hydrogen used to make ammonia comes out of the process as a product. Because hydrogen-containing 
tail gases are recycled for heat, the overall energy efficiency of KBR’s process is about 88–90%. The 
second unit was for a unit with a capacity of 10 MTPD of hydrogen that ISU Chemical wants to build by 
2026 in Ulsan, South Korea.14 

 
 
9 J. Atchison, AFC Energy: Power Tower & off-road racing, Ammonia Energy Association, 2022. 
10 Amogy, High efficiency ammonia cracking—a carbon-free foundation for clean hydrogen fuel [Online] Available at: 
https://amogy.co/high-efficiency-ammonia-cracking-a-carbon-free-foundation-for-clean-hydrogen-fuel/ 
11 Bill D., Novel Catalysts for Ammonia Cracking and Synthesis [Online] Available at: 
https://ammoniaenergy.org/presentations/novel-catalysts-for-ammonia-cracking-and-synthesis 
12 Manider, J., Ammonia Cracking [Online] Available at: https://www.topsoe.com/ammonia-cracking 
13 Stylianou, E., H2ACTSM: Empowering Energy Transition [Online] Available at: 
https://www.kbr.com/sites/default/files/documents/2023-09/H2ACT-Empowering-Energy-Transition.pdf 
14 Atchison, J., KBR to provide cracking tech for new South Korean project [Online] Available at: 
https://ammoniaenergy.org/articles/kbr-to-provide-cracking-tech-for-new-south-korean-project/ 



 D1.1 
Market and stakeholder analysis 

Proj. Ref.: ANDREAH-101112118 
Doc. Ref.: ANDREAH-WP1- D11-
DLR-RINA-C-09072024-final.pdf 

Date: 09/07/2024 
Page Nº: 23 of 33 

 

 

Security level: RINA/CL/SENSITIVE 

In the World Intellectual Property Organization (WIPO), attending to ammonia cracking, Air Products and 
Chemicals is the developer with more patents in place with more than 40 out of 229 patents present, 
followed by Topsoe and Equinor, with 11 and 8, respectively. The footprint of research is focused mainly 
on China with around 40 % of the patents, followed by EPO (European Patent Office), PCT (Patent 
Cooperation Treaty), and the United States. In addition, the publication dates of the patents show an 
increased interest in this technology skyrocketing from 2 patents during 2016 to 62 patents during 2023. 
 
Air Product is another important player in the ammonia cracking facilities. They aim to develop several 
cracking projects in the UK, Germany, and the Netherlands by 2028. This method will be able to produce 
hydrogen from pressurizing liquid ammonia heating (and optionally vaporizing) the liquid ammonia by heat 
exchange with one or more hot fluids to produce heated ammonia; combusting a fuel in a furnace to heat 
a first set of catalyst-containing reactor tubes and to form a flue gas. 
 
Then the supply of the heated ammonia to the first set of catalyst-containing reactor tubes to cause 
cracking of ammonia into a first cracked gas containing hydrogen gas, nitrogen gas and residual ammonia; 
and purifying the first cracked gas in a first PSA to produce a first hydrogen product gas and a first PSA 
tail gas. First PSA tail gas, or gas derived therefrom, as feed to a secondary cracking reactor comprising 
a catalyst to cause cracking of ammonia into a second cracked hydrogen and nitrogen-containing gas; 
wherein one or more hot fluids comprise the flue gas and/or the first cracked gas. This technology operates 
temperatures between 250 ºC and 700 ºC and pressures between 1.5 bar and 50 bar. 15 
 
Equinor is also developing a process for generating power using a gas turbine with a previous ammonia 
cracking solution. Comprising the steps of vaporising and pre-heating liquid ammonia to produce pre-
heated ammonia gas, and then introducing the pre-heated ammonia gas into an ammonia-cracking device. 
In the device, ammonia gas is converted into a mixture of hydrogen and nitrogen. In the last part of the 
process, the mixture of hydrogen and nitrogen is cooled and introduced into a gas turbine to generate 
power. 
 
New actors are developing innovative solutions for decentralized ammonia cracking, such as the Spanish 
company H2site, which has developed ammonia cracking solutions based on membrane reactors using 
Palladium membranes. They are currently producing units of 200 kg/day of H2 but can go to higher values. 
They have also integrated their cracker into a ship, so the H2 is used in a PEM fuel cell for the propulsion 
of the ship’s motor.  16 
 
In addition, Siemens is leading a consortium to develop a prototype in the UK that cracks ammonia and 
purifies hydrogen to PEM fuel cell quality with a production of 200 kg/day at less than 8 €/kg. AFC Energy 
launched in 2023 its first ammonia cracker demonstration plant with a capacity of 400 kg/day H2, using 
ammonia supplied by OCI Global. However, what technology is used in this solution is still unclear. 
Sunborne in the UK is developing a partial cracker or ammonia so that a blend of NH3 and H2 is produced. 
The blend can be used in combustion engines as a replacement for fossil fuel. 17 
 
Ammonia cracking is a technology that has been used during several years in the metallurgy industry, in 
the petrochemical industry and in pilot projects using fuel cells. Nevertheless, all these applications use 
small scale ammonia cracking technologies with really high temperatures and low purities of hydrogen. In 
the last years, the interest for this technology has increased, many developers are trying to step up this 

 
 
15 Shaw, A., (2022) Ammonia cracking process (PCT/US2021/038000). U.S. Patent and Trademark Office. 
https://patentscope.wipo.int/search/es/detail.jsf?docId=WO2022265650 
16 Laity, E. H2SITE deploys ammonia cracker for Ammogen project [Online] Available at: https://www.h2-
view.com/story/h2site-deploys-ammonia-cracker-for-ammogen-project/2111079.article/ 
17 Ammonia cracking [Online] Available at: https://www.siemens-
energy.com/us/en/home/company/innovation/siemens-energy-ventures/ammonia-cracking.html 
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technology as the different examples showed above.  All these actors are betting on modularity as part of 
the value proposition of their technologies which is aligned with ANDREAH’s technology.  
 
3.1.2. Analysis of ANDREAH’s solution uniqueness 
 
ANDREAH is design to create an innovative Catalytic Membrane Reactor. This reactor will incorporate the 
latest H2 selective membranes, which will be embedded in Open Cells Foams (OCFs) or 3D printed 
Periodic Open Cellular Structures (POCSs). These structures will be coated or packed with a catalyst 
without or with low Ru content capable of operating at temperatures 400-450°C. Additionally, the permeate 
side of the membrane will be linked with a step for polishing adsorption. 
 
This design will enable efficient operation under milder conditions compared to traditional ammonia 
crackers, due to the shift effect on equilibrium. The novel reactor system of the ANDREAH project, offers 
several benefits over existing systems: 
 

• Exceptionally pure H2: The system is capable of producing and recovering hydrogen of extremely 
high purity (>99.998%) through the membranes and a subsequent polishing step. To ensure the 
hydrogen purity meets the required standards, sophisticated sorbents will be developed. These 
sorbents will have a high working capacity and exhibit minimal degradation even after numerous 
capture and regeneration cycles. Commercial projects for the production of forming gas, used to 
reduce oxides on metal surfaces for annealing processes in the metal industry, have much lower 
purities, around 5 %. This allows to use the produced hydrogen in several new applications, such 
as fuel cells.  
 

• Operating at lower temperatures: it allows to bypass the restrictions of thermodynamic 
equilibrium, enabling complete conversion of ammonia. This occurs at operating temperatures 
(400-450°C) that are lower than those of traditional systems, which reduces the need for 
downstream cleaning of unconverted species. These commercial units usually produce a forming 
gas (H2 and N2 mixture) and operate at very high temperatures, typically 800-900°C. These high 
temperatures are related to the adoption of conventional packed-bed reactors in which the 
ammonia conversion is limited by heat and mass transfer, especially at low temperatures, and 
cannot reach the thermodynamic equilibrium value. Furthermore, high efficiencies in H2 separation 
can be achieved at these lower operating temperatures, compared to conventional systems. This 
is advantageous from an energy perspective. 
 

• Reduce footprint of the project: since the whole process occurs in a single unit, that combines 
the catalysts, membranes and sorbents, the footprint of this technology is reduced than in 
conventional processes as separation must be done downstream in a separated unit. This will 
result in a decrease of CAPEX and OPEX of the system, all together bringing the decentralized 
cost of H2 from 5.51 euro/kg to 4.27 euro/kg, with a decrease of 22.5%. 
 

• Public-private partnerships: the ANDREAH project is carried out by 9 partners from 4 different 
countries (ES, IT, DK and NL), and all very complementary. In terms of background, expertise, and 
skills the role and main contributions of each stakeholder are key. In addition, the consortium is at 
66% composed of industrial participations, with an early-stage investor and one port already 
onboard.  

 
The ANDREAH project will provide a high-purity hydrogen system that wide the potential applications, 
since it has higher efficiencies carrying out the process with lower temperatures, reduces the footprint of 
the process allowing lower costs than conventional systems. Finally, the ANDREAH project has an 
international public-private support. 
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3.1.3. ANDREAH’s solution impact on customers 
 
The solution provided by ANDREAH has a transformative effect on potential customers. This solution 
introduces a more streamlined and economical approach to the complex process of ammonia 
decomposition. The innovative method, designed in the ANDREAH project, not only enhances efficiency 
but also significantly reduces the operational expenses associated with conventional methods. Moreover, 
it promotes a greener and more sustainable production process, aligning with the global shift towards 
environmentally friendly industrial practices. 
 
The implications of this solution extend beyond cost and efficiency. One of the standout features of 
ANDREAH’s solution is the production of ultra-pure hydrogen. This high-quality hydrogen can have 
extensive and far-reaching consequences for a wide variety of sectors including, for example, sectors like 
mobility or power generation with fuel cells that require high purities (> 99%). The availability of ultra-pure 
hydrogen can lead to a substantial improvement in product quality. It can also contribute to heightened 
operational efficiency by reducing waste and optimizing resource usage. Ultimately, these improvements 
can lead to elevated levels of customer satisfaction, fostering a stronger relationship between the company 
and its clients. 
 
In addition, the use of ultra-pure hydrogen can open new possibilities for innovation and development 
within these industries. It can potentially lead to the creation of new products, processes, and technologies, 
further enhancing the value provided to customers. 
 
Moreover, the system operates at lower temperatures which offers several advantages. One of these is 
the increased production of hydrogen from the same amount of ammonia. This is because the efficiency 
of the cracking process improves at these lower temperatures (around 400 ºC). This not only makes the 
process more cost-effective but could also offer additional benefits in terms of energy use and 
environmental impact. Therefore, thanks to these lower temperatures, the customer will be able to reduce 
the energy demand for the process, and the environmental impact. 
 
The entire process, designed in the ANDREAH project, takes place within a single unit, which makes this 
technology’s footprint smaller compared to traditional methods that require a separate unit for downstream 
separation. This leads to a reduction in both the capital expenditure (CAPEX) and operational expenditure 
(OPEX) of the system. 
 
In conclusion, ANDREAH’s solution represents a significant advancement in ammonia-cracking 
technology, offering numerous benefits to customers in terms of cost savings, efficiency, and sustainability. 
 
3.2. Value proposition map 
 
A Value Proposition Map is a strategic tool that will help to better understand potential hydrogen consumers 
and create value propositions that solve challenges. It’s a visual chart that will guide the project through 
the process of identifying customer pains, gains, and jobs-to-be-done. 
 
In this report, the Value Proposition Map is divided into two main sections: the Customer Profile and the 
Value Map. 
 

• Customer Profile: the tasks costumers are trying to accomplish (Jobs-to-be-Done), their frustrations 
(Pains), and what they hope to achieve (Gains) is identified and visualized. 

• Value Map: how an ammonia cracking solution will ease the identified pains and create gains, 
thereby crafting a compelling value proposition. 

 
This value map includes three main elements: 
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• Product: describes the different products and services, the ANDREAH project offers. 

• Gain Creators: describes how the product or service offers unique solutions to customer problems. 

• Pain Relievers: describes how the product or service alleviates fears and pain points the customer 
might have. 

 
By mapping out these elements, companies can better understand how their product or service creates 
value for customers and can identify areas for improvement or opportunities to differentiate themselves 
from competitors. Value maps can also help companies more to effectively communicate to customers 
their value proposition and align their sales and marketing efforts around the key value drivers for their 
product or service. 
 
A value proposition map useful to solve the challenges of the potential hydrogen consumers is reported 
below in Figure 4. 

 

Figure 4. Value proposition map to introduce ANDREAH´s solution in the market. 

 
The primary objective of potential customers is to meet decarbonization targets, which can be set at a 
company, regional, or national level. One example of these regulations is the Renewable Energy Directive 
III (RED III) which has established ambitious goals to decarbonize the industry, requiring at least 42% of 
hydrogen to be procured from renewable fuels of non-biological origin (RFNBOs) by 2030. In line with 
these decarbonization targets, customers will substitute the grey hydrogen currently used as raw material 
or the conventional fuel used in their processes. 
 
On the one hand, customers often face challenges while performing their tasks, such as lower efficiencies 
and higher energy consumption proposed by conventional cracking solutions. The ANDREAH solution 
addresses these issues by operating at significantly lower temperatures, thereby producing the same 
amount of hydrogen with less energy consumption. Furthermore, our solution enables customers to 
comply with various regulations and penalties by allowing them to receive ammonia and convert it back to 
hydrogen, thereby not solely relying on an on-site hydrogen production project or overcoming the 
challenges associated with large-scale hydrogen transportation. 
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Another potential challenge for customers is the limited availability of renewable energy in certain locations 
targeted for decarbonization. Thanks to the solution under development in the ANDREAH project, 
customers could import and transport ammonia from energy-rich countries where water, sun, or wind 
availability is not a problem, thereby ensuring better production prices for renewable hydrogen. Moreover, 
the lack of maturity in the large-scale production of this technology will be addressed through the 
participation of nine partners from four different countries, each contributing their expertise to different 
tasks within the project. 
 
Cracking technology is expensive, particularly when high purities are required. However, the ANDREAH’s 
technology will reduce this cost due to the smaller footprint of this technology, which implements the entire 
process in one step. Additionally, this technology can produce hydrogen with extremely high purities, 
making it suitable for many different technologies. 
 
Conversely, customers will encounter a technology that is free of CO2 emissions, ensuring the mitigation 
of carbon emissions. This eco-friendly product, hydrogen, will adhere to sustainability standards such as 
soil preservation, water sustainability, and biodiversity conservation. Furthermore, potential customers will 
gain autonomy from natural gas suppliers, with the capability to produce hydrogen or ammonia 
“domestically” or in any country with favourable environmental conditions. This enhances the security of 
their supply chain through a globally distributed supply network. 
 
Choosing to adopt this nascent technology will offer significant benefits. Being pioneers in this technology 
will provide a competitive edge and superior expertise compared to competitors. Additionally, there’s the 
intangible value that can be generated through marketing promotions, visits from government officials, 
politicians, ambassadors, and exposure in TV, radio, and other media outlets. This could serve as a 
catalyst for other sustainable business lines within the company’s product portfolio, or a strategic move to 
position customers as trailblazers in the field. 
 
3.3. Market uptake 
 
At this point, a comprehensive market uptake can be developed. The market uptake will be mainly 
composed of a market analysis, customer assessment, product assessment, and market expansion, which 
have been explained deeply before in the point ¡Error! No se encuentra el origen de la referencia.: 
 

1. Market Analysis: Before introducing ANDREAH, it’s crucial to understand the market landscape. 
This includes identifying potential customers (refineries, chemical industry, mobility, fuel cell power 
generation, steel…) and locations (Germany, Netherlands, Belgium), understanding their needs 
and pain points, analysing competitors, and assessing market trends, regulations, and growth 
potential. This step helps determine if there is a demand for the product or service and how it can 
be positioned to meet customer needs. 

 
2. Customer Evaluation: Once the product or service has been evaluated and deemed viable, the 

next step is to evaluate potential customers. This can be achieved through various marketing and 
promotional activities, identifying the tasks that costumers are trying to accomplish and the 
challenges that they are facing. 

 
3. Product Evaluation: Evaluate the product or service based on its unique selling proposition, 

benefits, pain releasers, and how it compares to competitors. This step involves assessing the 
product’s features, pricing, quality, and any other factors that could influence customer decisions. 
 

4. Customer Awareness: Contact potential customers to let them know the advantages of product 
and try to let them know the advantages of our product for trying to convince them to obtain it.  
 

5. Post-sell Services: After adoption, providing excellent customer service and support is crucial to 
ensure customer satisfaction and loyalty. This could involve offering after-sales services, 
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addressing customer queries and complaints promptly, and seeking regular feedback for 
continuous improvement. 
 

6. Market Expansion: Once the product or service has been successfully adopted by the initial set 
of customers, the next step is to expand its reach. This could involve entering new markets or 
targeting new customer segments.  
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4. CONCLUSIONS 
 

ANDREAH project's innovative ammonia cracking technology offers a promising solution for the 
widespread adoption of ammonia as a hydrogen carrier and energy vector in the transition towards a 
renewable economy. By leveraging cutting-edge reactor designs, process control systems, and materials 
science, the project aims to create a more efficient, scalable, and sustainable ammonia cracking system. 

The ammonia cracking market is poised for significant growth, driven by the projected increase in global 
ammonia demand and the potential applications of ammonia as a clean energy source.  

The Europe ammonia crackers market, in particular, is experiencing a meteoric rise. The market is 
expected to surge to $415.61 million by 2032, up from $54.40 million in 2022, representing an impressive 
compound annual growth rate (CAGR) of 24.9% during the 2023-2032 period18.  

This growth is fuelled by the dynamic landscape of developed and emerging economies in Europe, 
including economic powerhouses like Germany, France, Spain, Italy, and Russia. The rapid expansion of 
end-use industries, such as transportation, power generation, and the metal sector, is driving the 
significant demand for ammonia crackers in the region.  

Within the European ammonia crackers market, the decentralized segment is poised to lead the way during 
the 2023-2032 forecast period. This growth is supported by ongoing developments and project 
announcements within the region, as the industry leverages ammonia cracking technologies to meet the 
increasing demand for clean energy solutions. 

The target customer segments identified include industries and sectors seeking to decarbonize their 
operations and transition to renewable energy sources: 

Fertilizers 

Yara International, CF Industries, Nutrien, OCI N.V., and Acron Group could leverage existing ammonia 
infrastructure and expertise to diversify their product portfolios and contribute to the development of a 
global hydrogen market. 

Refineries 

TotalEnergies, Neste, BP, and Galp are exploring options to decarbonize their hydrogen consumption, 
including manufacturing their own hydrogen, sourcing hydrogen from regions with abundant renewable 
energy, or a combination of both. Ammonia cracking will play a pivotal role in their business models for 
importing hydrogen. 

Jet Aviation 

Air France-KLM, Lufthansa, Airbus, Cepsa, Repsol, and Total could potentially use renewable hydrogen 
produced through ammonia cracking to reduce their carbon footprint and contribute to the decarbonization 
of the aviation sector. 

Steel 

ArcelorMittal, Techint, Tata Steel, ThyssenKrupp, and others are actively seeking innovative solutions to 
reduce their carbon emissions and transition towards a more sustainable energy source. Ammonia 
cracking technologies could enable the production of renewable hydrogen for their manufacturing 
processes. 

Non-Road Mobile Machinery 

HITACHI, Caterpillar, KOMATSU, Aksa, and AngloAmerican could adapt their non-road mobile equipment 
to utilize renewable hydrogen produced through ammonia cracking as a clean fuel source. 

 
 
18 https://bisresearch.com/industry-report/europe-ammonia-crackers-market.html 
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Long Distance Trucks and Coaches 

FedEx, FlixBus, and XPO Logistics could leverage ammonia cracking technologies to decarbonize their 
transportation operations and contribute to a cleaner and more sustainable logistics sector. 

Power Generation 

Siemens Energy, GE, MHI, Kawasaki Heavy Industries, Hyundai E&C, and Toshiba Energy Systems & 
Solutions have the potential to play a significant role in enabling the use of ammonia cracking in the power 
generation industry as part of the transition to clean energy. 

These industries and companies are well-positioned to benefit from the availability of renewable hydrogen 
produced through ammonia cracking, as it could enable them to reduce their carbon footprint and 
contribute to the decarbonization of various sectors. However, the adoption of these technologies will 
depend on factors such as cost, scalability, and infrastructure development. 

The competitive landscape analysis reveals a diverse market, with a mix of established players and 
emerging startups, each offering unique strengths and capabilities. The document emphasizes the critical 
role of partnerships and collaborations of the key actors in driving advancements across the value chain, 
from the production of green ammonia or green electricity as inputs, to the cracking of ammonia to produce 
hydrogen as the final product. This includes considering the specific requirements and applications of the 
end-users of the cracked hydrogen. To effectively address the challenges of ammonia cracking, the market 
demands innovative solutions that can optimize the process and meet the evolving needs of the industry. 

In summary, the ANDREAH project's ammonia cracking technology has the potential to play a crucial role 
in the transition towards a low-carbon economy by providing a clean, efficient, and scalable solution to 
produce hydrogen. The project's innovative approach and commitment to collaboration and partnerships 
make it an exciting development in the field of ammonia cracking. 

ANDREAH project is a promising solution to help potential customers to fulfil decarbonization targets set 
at various scales. The most important short-term regulation for replacing the conventional hydrogen 
consumption is stablish in the Renewable Energy Directive III (RED III), which has laid down challenging 
targets, mandating a minimum of 42% of hydrogen to come from renewable fuels of non-biological origin 
(RFNBOs) by 2030. This is a daunting challenge especially in all those regions with scarce renewable 
energy resources. The ANDREAH project enables customers to transport and import ammonia from 
countries rich in energy, ensuring availability and competitive production prices for renewable hydrogen. 

The innovative system based on a Catalytic Membrane Reactor (CMR) for the cracking of Ammonia will 
address the challenges faced by customers, such as lower efficiencies, by operating at significantly lower 
temperatures and producing the same amount of hydrogen with less energy consumption. In addition, it 
will be able to reduce the cost of cracking technology, particularly when high purities are required, due to 
its smaller footprint and the ability to produce hydrogen with extremely high purities. 

The market uptake will be mainly composed of a market analysis to understand the market landscape 
including potential customer niches and locations, customer evaluation identifying the tasks that costumers 
are trying to accomplish and the challenges that they are facing, product assessment to create a unique 
selling position improving the competitor products, ensure customer satisfaction after acquire the product 
and expand the market being able to reach new customer segments and locations. 

In conclusion, the ANDREAH solution offers a promising approach to meeting decarbonization targets, 
overcoming energy efficiency challenges, ensuring renewable energy availability, reducing costs, 
promoting sustainability, and providing a competitive advantage. This positions potential customers as 
trailblazers in the field of renewable hydrogen production. 
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5. ABBREVIATIONS  
 

°C   Degree Celsius 

Al2O3   Alumina 

CMR   Catalytic Membrane Reactor. 

Co   Cobalt 

CO2   Carbon Dioxide 

Fe   Iron 

H2   Hydrogen 

Hr   Hour 

IEA   International Energy Agency 

kJmol-1  Kilojoule Per Mol 

kg   Kilogram 

kt   Kiloton 

LNG   Liquid Natural Gas 

MoU   Memorandum Of Understanding 

Mt   Megaton 

MTPD   Metric Tons Per Day 

N2   Nitrogen 

NH3   Ammonia 

Ni   Nickel 

Nm3   Normal Cubic Metre 

OCF   Open Cell Foams 

Pd  Palladium 

POCs   Periodic Open Cellular Structures 

Pt   Platinum 

R&D   Research And Development 

Ru   Ruthenium 

SAF   Sustainable Aviation Fuels 
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SiO2   Silica   

SMR   Steam Methane Reformer 

TiO2   Titanium Oxide 

TRL   Technology Readiness Level 
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