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Abstract  

The article addresses the scope of the emissions approach in the environmental impact assessment of ammonia plants. The 

authors analyze  areas covering both direct emissions and emissions across the entire life cycle (well - to-use/life cycle 

assessment). They highlight the need for a practical approach to analysis that covers not only the fuel use stage, but also i ts 

production, transport a nd conversion. As indicated by the European Environment Agency, NH ϝ emissions are one of the 

main factors contributing to air pollution in Europe, through the generation of secondary aerosols (PM Ϝ.ϟ). The production 

pathways of ammonia, its combustion, and  its utilization  pathways in industrial installations were also compared. In 

summary, it should be noted that ammonia should be viewed not as a single fuel or source of emissions, but as an element 

of a complex energy - industrial system. An integrated approach to emission limits requires further research and analysis in 

the field of LCA.  

Keywords: ammonia, LCA, environmental footprint, ammonia production, emission, alternative fuels, hydrogen 

decarbonization, IAM, prospective LCA, ASEA, planetary boundaries  

____________________________________________________________________________________________________________________________________

Introduction 

The energy transition towards climate 

neutrality requires the deployment of new 
energy carrie rs and technologies enabling  
decarbonisation of sectors that are difficult to 

electrify directly. In this context, hydrogen and 
its derivatives, in particular ammonia, play a 
strategic role, as they enable the integration of 

energy, industrial, and transport systems  [3], [4], 
[8]. As indicated by the European Commission in 
its Hydrogen Strategy, hydrogen is one of the 

key elements for achieving climate neutrality 
by 2050  [3]. Ammonia (NH ϝ) is gaining 
importance as a hydrogen carrier and an 

alternative fuel, due both to its physicochemical 
properties and to the existing logistics 
infrastructure originally developed for the 

fertilizer  industry  [9], [10]. At the same time, its 
deployment is associated with environmental 
and regulatory challenges that require analysis 

going beyond the  emissions - based approach  [11], 
[12]. The aim of this article is to demonstrate that 
the environmental impacts of ammonia - based 

installations should be assessed from a system -
wide perspective, covering the entire value 
chain —from production to final use [1- 6]. 

Hydrogen as a foundation of systemic 

transformation 

Hydrogen constitutes a key element of the 
energy transition, particularly in sectors that 
are difficult to electrify, such as the steel, 

chemical, and heavy transport industries. 
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According to a report by the International 
Energy Agency, global hydrogen demand 
reached approximately 97 Mt in 2023, with the 

dominant applications in refining and the 
chemical sector  [1- 5]. The importance of 
hydrogen also stems from its role in the 

integration of energy systems  [6]. Electrolysis 
enables the conversion of surplus renewable 
energy into hydrogen, allowing for long - term 

energy storage and stabilization  of the power 
system. As indicated by the International 
Renewable Energy Agency, power - to- gas 

technologies represent one of the key elements 
of sector coupling  [2], [4- 5]. At the same time, the 
actual decarboniz ation potential of hydrogen 

depends on the method of its production. 
Hydrogen produced via methane reforming 
generates  

emissions at the level of 8 –12 kg COϜ per kg of H Ϝ 

[5], whereas renewable hydrogen can be 
characterized  by near - zero life - cycle emissions, 
as highlighted in European Commission 

documents on the EU taxonomy  [1], [3], [6], [8]. 

Ammonia as an energy and 
hydrogen carrier  

Ammonia is one of the most promising 
hydrogen carriers, due to its physicochemical 
properties and well - developed logistics 

infrastructure. It contains approximately 
17.65% hydrogen by mass  [9], meaning that one 
metric ton  of NH ϝ corresponds to around 176 kg 

of hydrogen  [9], [11- 12]. Its lower heating value is 
approximately 18.6 MJ/kg, as widely reported in 
the energy literature, including by the 

International Renewable Energy Agency. 
Ammonia production is currently based mainly 
on the Haber –Bosch process, in which the source 

of hydr ogen is of key importance. In the case of 
grey ammonia, emissions average around 1.8 t 
COϜ per  metric  ton  of NH ϝ, as confirmed by 

analyses from the International Energy Agency  
[7]. The blue variant, which uses carbon capture 
technologies, allows for emissions reductions; 

however, its effectiveness depends on the 
capture rate and methane emissions across the 
supply chain  [7], [15], [17] . Green ammonia, 

produced using hydrogen from electrolysis 
powered by renewable energy sources, is 

characterized  by near - zero emissions. However, 
its cost remains significantly higher. According 
to analyses by the International Renewable 

Energy Agency, the production cost of green 
ammonia ranged from USD 720 to 1,400 per 
metric ton  in 2020, with the potential to 

decrease to approximately USD 475 per metric 
ton  by 2030 in optimal locations  [6], [10], [11], [16], 
[18], [19]. 

Table 1:  Comparison of ammonia production 
technologies  

Source: own elaboration based on the IEA and 
the IREA  [11], [15-  16], [18- 19]. 

 

Ammonia transport represents one of its key 
advantages. Unlike liquid hydrogen, which 

requires temperatures of around −253°C, 
ammonia can be stored at approximately −33°C, 
significantly simplifying logistics and reducing 

infrastructure costs  [9]. 
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Figure 1 . Report: Large Scale Green Ammonia 

Value Chain  

  
Figure 2. Block diagram of the power - to-

ammonia process with two options for the 
ammonia synthesis loop: for pure and dry feed 
(solid line), and for wet and impure feed (dashed 

line) 
(https://www.researchgate.net/figure/Block -
diagram - of - the - power - to - ammoni a- process -

with - two - options - for - the - ammonia -
synthesis_fig1_338252631)  

Environmental aspects and 

impact balance of ammonia 

installations   

 

The assessment of environmental impacts of 

ammonia - based installations requires a 

systemic approach, covering both direct 

emissions and emissions across the entire life 

cycle (well - to - use / life cycle assessment). In 

practice, this means analyzing  not only the fuel 

use stage, but also its production, transport, and 

conversion  [11], [15 - 20]. In the case of 

conventional ammonia production based on 

steam methane reforming (SMR), direct 

emissions amount on average to approximately 

1.6–1.9 t CO Ϝ per  metric  ton  of NH ϝ, although 

these values may be higher for older 

installations or those based on coal 

(International Energy Agency). Globally, 

ammonia production accounts for around 1 –2% 

of total CO Ϝ emissions, making it a significant 

source of industrial emissions  [7], [15]. For blue 

ammonia, which utilizes  carbon capture and 

storage (CCS) technologies, emissions can be 

reduced to approximately 0.2 –0.6 t CO Ϝ/t NH ϝ. 

However, the actual climate benefit depends on 

the capture rate (typically 60 –90%) and methane 

emissions within the natural gas supply chain 

(International Energy Agency). In contrast, 

green ammonia, produced using hydrogen from 

electrolysis powered by renewable energy, is 

characterized  by near - zero direct emissions  [7], 

[15], [17]. However, life cycle assessments must 

also account for emissions related to 

infrastructure and electricity generation. 

According to the International Renewable 

Energy Agency, the total emission intensity of 

green ammonia may be below 0.1 t CO Ϝ/t NH ϝ, 

depe nding on the energy mix  [11], [16], [18- 19]. 

An important component of environmental 

impact is emissions arising during the use phase 

of ammonia as a  fuel. Unlike fossil fuels, 

ammonia contains no carbon, meaning there are 

no CO Ϝ emissions at the point of combustion. 

However, combustion leads to the formation of 

nitrogen oxides (NO ), which are significant air 

pollutants. Depending on the combustion 

technology, NO  emissions may range from 100 

to over 1000 mg/Nm ³, although the application 

of selective catalytic reduction (SCR) 

technologies can reduce these emissions to 

levels compliant with BAT requirements 

(European Commission)  [12], [14], [21], [22] . An 

additional environmental concern is the 

emission of nitrous oxide (N ϜO), which has a 

global warming potential (GWP100) 

approximately 273 times higher than CO Ϝ. Even 

small N ϜO emissions can significantly affect the 

overall climate balance. In industria l ammonia 

production processes, N ϜO emissions are 

generally limited; however, in energy 

applications they require further research and 

optimization  of combustion technologies  [14], 

[21- 22]. Another key issue is the emission of 

ammonia into the atmosphere (so - called 

ammonia slip), which may occur both in 

industrial processes and combustion systems. 

These emissions are particularly relevant for air 

quality, as ammonia contributes to the 

formati on of secondary aerosols (PM 2.5). 

According to the European Environment 

Agency, NH ϝ emissions are among the main 
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contributors to air pollution in Europe  [12], [14], 

[21- 22]. 

Table 2:  Comparison of environmental emissions for 
different ammonia production and use p athways  
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HϜ 
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COϜ + 

NO  
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Source: own elaboration based on the 
International Energy Agency, European 

Commission, European Environment Agency 
[15], [21- 22] 

From a systemic perspective, it is crucial to 
compare the environmental footprints of 

different energy carriers. In the case of 
hydrogen transported in compressed or liquid 
form, logistics - related emissions are 

significantly higher than for ammonia, which 
can be transported under far less demanding 
conditions. At the same time, the ammonia 

cracking process involves energy losses of 
around 10 –15%, which affects the system’s 
overall energy balance [9], [12], [17], [18], [20].  

Table 3:  Simplified environmental life cycle 
assessment (well - to -use)  
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Source: own elaboration based on [1 1], [12], [17], 
[20]  

 

Consequently, the analysis shows that an 

approach based solely on point source emissions 
leads to an incomplete assessment of 
environmental impacts. Technologies using 

ammonia may generate local emissions of NO  
or NH ϝ, but from a systemic perspective, the y 
may have a lower overall carbon footprint than 

alternative solutions based on fossil fuels or 
even certain forms of hydrogen transport [11], 
[15–18], [21].  

For this reason, the environmental assessment 
of ammonia installations should take into 
account the entire value chain, including the 

energy source, production technologies, mode 
of transport and end use. Only such an approach 
allows for the proper determi nation of the 

technology’s actual environmental impact and 
avoids erroneous conclusions resulting from an 
analysis limited to a single stage of the process. 

[11], [15–20] 

Strategic analysis of the 
hydrogen and ammonia market  

The development of the market for hydrogen 
and its derivatives, including ammonia, is 
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strongly influenced by national and regional 
strategies, which define investment priorities, 
support mechanisms and the target market 

structure. In the United States, a strongly 
market - driven approach is observed, in which 
private capital and cost competit iveness play a 

key role. The ‘Clean Hydrogen Strategy and 
Roadmap’ identifies the development of the full 
hydrogen value chain and its application in the 

chemical industry, including ammonia 
production, as one of the first stable sources of 
demand. At the same time, market analyses 

indicate a growing investment advantage for 
blue hydrogen over green hydrogen in the short 
term, due to differences in cost and 

infrastructure availability [24 - 25], [35]. 

In Australia, the development of the hydrogen 
sector is based on an export model that 
leverages the advantages of access to cheap 

renewable energy. The hydrogen strategy aims 
to establish the country as a global exporter of 
hydrogen and its derivatives, in cluding 

ammonia, particularly to Asian markets. As 
indicated by the Australian Government 
Department of Climate Change, Energy, the 

Environment and Water, ammonia plays a key 
role in long - distance energy transport, and its 
exports may exceed domestic consumption by 

2050 [25], [30]. The European Union is 
characterized  by a regulatory and systemic 
approach, in which the development of the 

hydrogen and ammonia market is closely linked 
to climate policy and energy security. The EU 
Hydrogen Strategy and the RE  Power  EU 

initiative highlight the need to build integrated 
infrastructure and develop international 
partnerships in order to secure supplies of 

hydrogen and its derivatives. In this context, 
ammonia is seen as a key carrier enabling the 
import of renewable energ y from outside 

Europe [1], [2], [29–31]. 

Table 4: Pathways  comparison of hydrogen and 
ammonia market development models  

Region  Development 

model  

Role of 

ammonia  
Key factor  

USA  

 

Market -

based  

Industrial 

feedstock, fuel  

 

Cost 
competitiveness  

 

Australia  Export -

oriented  

Export carrier  Renewable 

energy + 

logistics  

 

EU  Regulatory  Energy imports, 

decarboniz ation  

Climate policy  

Source: own elaboration based on the  [1- 3],[24-

31], [35]   

 

 

The economics of ammonia in the 
hydrogen economy  

The economics of ammonia production, 

particularly in its green form, is one of the key 
factors determining the pace of market 
development. Production costs are heavily 

dependent on the price of electricity and  the 
capital costs of electrolyz ers. As indicated by the 
International Renewable Energy Agency, the 

cost of producing green ammonia in 2020 ranged 
from USD 720 to USD 1,400 per metric ton , 
although under optimal conditions it could fall 

to around USD 475 per  metric ton  by 2030 [11], 
[16], [18 - 19]. A key element of the economic 
analysis is a comparison of the total costs of 

using hydrogen and ammonia. As an energy 
carrier, ammonia enables a significant reduction 
in transport and storage costs; however, it is 

associated with energy losses resulting from the 
cracking process. In practice, this means that the 
entire value chain must be analyzed , rather than 

just production costs. [9 ], [12], [17- 18], [20]. The 
growth of the investment market is confirmed 
by increasing expenditure on large - scale 

projects, including installations exceeding 1 GW 
of capacity. At the same time, a short - term 
advantage of blue hydrogen - based technologies 

is observed, resulting from  their greater 
technological maturity and lower entry costs [3 ], 
[24- 25], [35]. 
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Table 5: Comparison of the economic parameters of 
hydrogen and ammonia  

Parameter  Hydrogen  Ammonia  

Transport cost  high  low  

 

Energy 

density (by 

volume)  

 

low  

 

medium  

Energy losses  low  medium 
(cracking)  

Infrastructure  limited  well -
developed  

 

Source: own elaboration based on the [9], [12], [17 -
18], [20] 

The regulatory framework and 
its impact on market 
development  

The development of hydrogen and ammonia 

technologies in the European Union is largely 
determined by the regulatory framework, 
including the IED Directive, BAT conclusions, 

the RED III Directive and the EU Taxonomy. 
These regulations aim to reduce emissions  and 
support low - carbon technologies; however, 

their implementation entails significant costs 
for industry [1 - 2], [6], [8], [21 - 22], [31]. As the 
European Commission emphasizes , 

environmental regulations should support the 
energy transition, but in practice they can lead 
to an excessive burden on investors. A particular 

challenge is the lack of a systemic approach, 
meaning that regulations often focus on point 
source emissions, overlooking the entire life 

cycle of the technology. [1 - 2], [6], [8], [21- 22], [31]. 
In the case of ammonia, this can lead to a 
regulatory paradox, in which technologies with 

potentially lower systemic impact are restricted 
by local emission requirements. Consequently, 
there is a need to revise the regulatory approach 

towards a more comprehensive assessment of 
environmental impacts [11], [15], [21 - 22], [31]. 

Infrastructure and 
implementation – the case of 
Poland  

The development of infrastructure for hydrogen 
and ammonia encompasses transport, storage 

and port systems. Maritime terminals are of 
particular importance, as they enable the import 
and export of ammonia as an energy carrier. 

Integration with existing LNG  infrastructure 
and the chemical industry is a key element of 
cost optimization  [12], [20], [28]. 

In Poland, the potential for the development of 

the hydrogen and ammonia economy is 
concentrated in coastal and industrial regions.  

Projects such as those by PGE SA and GE (GE 
Wind France SAS and GE Power Sp. z o.o.) point 

to the possibility of integrating offshore wind 
energy with the production of hydrogen and its 
derivatives. According to regional analyses, 

production potential coul d reach hundreds of 
thousands of metric tons  of hydrogen per year, 
which lays the foundations for the development 

of ammonia exports [21 –23], [43]. 
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Figure 3 Integration of offshore infrastructure – 
hydrogen – ammonia – export ports  

Summary  

The analysis confirms that ammonia is a key 
component of the emerging hydrogen economy; 

however, its assessment must not be limited 
solely to direct emissions. A systemic approach 
that takes into account the entire life cycle and 

the interconnections between the energy, 
industrial and transport sectors is of paramount 
importance [11], [15 –20]. From the regulators’ 

perspective, it is essential to consider the 
proportionality of regulations and move away 
from an approach based solely on point source 

emissions. For industry, energy costs and 
infrastructure availability are of key 
importance, as t hey determine the viability of 

investments. In the research sphere, however, 
there is a need for further development of LCA 
analyses and system models that will allow for 

a more precise assessment of the environmental 
impact of hydrogen technologies. In su mmary, it 
should be noted that ammonia should be viewed 

not as a single fuel or source of emissions, but as 
an element of a complex energy - industrial 
system. Only such an approach enables a proper 

assessment of its role in the energy transition 
and the mak ing of rational regulatory and 
investment decisions[11], [15 –20], [31]. 

 

References 

[1] European Commission. A hydrogen strategy for a climate - neutral Europe. COM(2020) 301 final; 
2020.  

[2] European Commission. REPowerEU Plan. COM(2022) 230 final; 2022.  

[3] International Energy Agency (IEA). Global Hydrogen Review 2024. Paris: IEA; 2024.  

[4] International Renewable Energy Agency (IRENA). World Energy Transitions Outlook 2022. Abu 
Dhabi: IRENA; 2022.  

[5] International Renewable Energy Agency (IRENA). Hydrogen: A renewable energy perspective. 
Abu Dhabi: IRENA; 2019.  

[6] European Commission. Fit for 55 package. Brussels: European Commission; 2021.  

[7] International Energy Agency (IEA). The Future of Hydrogen. Paris: IEA; 2019.  

[8] European Commission. EU Taxonomy Regulation (Regulation (EU) 2020/852); 2020.  

[9] Thomas G. Potential roles of ammonia in a hydrogen economy. U.S. Department of Energy, EERE, 
Fuel Cell Technologies Office; 2006.  

[10] National Institute for Occupational Safety and Health (NIOSH). Ammonia (7664 - 41- 7): 
Immediately dangerous to life or health (IDLH) value. CDC; n.d.  

[11] International Renewable Energy Agency (IRENA), Ammonia Energy Association (AEA). 
Innovation outlook: Renewable ammonia. Abu Dhabi: IRENA; 2022.  



 

Journal of Power Technologies  106 (2) (2026 ) 150 – 151             

150 | 151 

[12] Green Shipping Programme. Ammonia as fuel: Report for pilot “Ammonia as Fuel” (final revised); 
2022.  

[13] Food and Agriculture Organization (FAO). Safety operation of anhydrous ammonia equipment; 
n.d.  

[14] Green Shipping Programme. Ammonia as a marine fuel safety handbook. Rev.02; 2023.  

[15] International Energy Agency (IEA). Ammonia technology roadmap: Towards more sustainable 
nitrogen fertiliser production. Paris: IEA; 2021.  

[16] Fasihi M, Weiss R, Savolainen J, Breyer C. Global potential of green ammonia based on hybrid 
PV –wind power plants. Appl Energy. 2021;294:116170.  

[17] Wen D. Techno - economic analysis of ammonia - to- hydrogen and ammonia - to- power pathways 
considering emerging hydrogen purification and fuel cell technologies. Appl Energy. 
2025;390:0306261925006014.  

[18] Yousefi Rizi HA, Shin D. Green hydrogen production technologies from ammonia cracking. 
Energies. 2022;15(21):8246.  

[19] European Commission, Directorate - General for Environment. Shipping ammonia fuel could 
reduce the sector’s greenhouse gas emissions, but air pollution controls would be needed. 
European Commission; 2025.  

[20] European Commission, Directorate - General for Mobility and Transport. Decarbonising 
maritime transport – FuelEU Maritime. European Commission; n.d.  

[21] Gov.pl. Polska Strategia Wodorowa do roku 2030.  

[22] Klaster Wodorowy. Offshore2Hydrogen.  

[23] Pomorskie. Offshore2Hydrogen [presentation].  

[24] Atsumi K, Tanaka H, Kikkawa T. Japan’s fuel ammonia strategy: Policy frameworks and 
industrial consortia. Energy Policy. 2023;175:113 –128. 

[25] Australian Renewable Energy Agency (ARENA). Australia’s Hydrogen and Ammonia Export 
Strategy; 2022.  

[26] Bundesministerium für Wirtschaft und Klimaschutz (BMWK). Nationale Wasserstoffstrategie; 
2023.  

[27] International Maritime Organization (IMO). Interim guidelines for the safety of ships using 
ammonia as fuel; 2022.  

[28] Oxford Institute for Energy Studies. Ammonia as a hydrogen carrier: Challenges and 
opportunities for global energy trade; 2023.  

[29] International Energy Agency (IEA). Energy Technology Perspectives 2024. Paris: IEA; 2024.  

[30] International Renewable Energy Agency (IRENA). Global trade in green hydrogen derivatives; 
2024.  

[31] European Commission. Delegated regulations (EU) 2023/1184 and 2023/1185 – RFNBO; 2023.  

[32] International Maritime Organization (IMO). MSC.1/Circ.1687 – Interim guidelines for the safety 
of ships using ammonia as fuel; 2025.  

[33] Ministry of Economy, Trade and Industry (METI). Fuel ammonia roadmap; 2021.  

[34] METI. Basic hydrogen strategy (update 2023); 2023.  



 

Journal of Power Technologies  106 (2) (2026 ) 151 – 151             

151 | 151 

[35] Wood Mackenzie. Hydrogen 2025 outlook; 2025.  

[36] UK Government. UK Hydrogen Strategy.  

[37] UK Government. Hydrogen Sector Development Action Plan.  

[38] UK Government. UK Hydrogen Strategy update to the market; 2023.  

[39] UK Government. Hydrogen update to the market; 2025.  

[40] Kędzierski M. Niemcy: aktualizacja strategii wodorowej. Ośrodek Studiów Wschodnich; 2023.  

[41] Jaworska - Cierniak M. Pomysł na wodór, czyli strategia wodorowa w Polsce i UE.  

[42] Topsoe. What it will take to develop the green ammonia market in Europe.  

[43] Grodzki G. Propozycja zmian Polskiej strategii wodorowej z 2021 r. Politechnika Śląska; 2025.  

[44] Encyklopedia Zarządzania. Strategia.  

[45] Obłój K. Strategia organizacji. Warszawa: PWE; 2001.  

[46] Cyrek Digital. Zarządzanie strategiczne.  

[47] Kubicka - Żach K. Dokumenty strategiczne mają pomóc w działaniach dla rozwoju gminy, regionu 
i kraju.  

[48] Kancelaria Prezesa Rady Ministrów, PM Group. Planowanie strategiczne jako narzędzie 
realizacji celów organizacji.  

 

 


