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Why Nitrogen?

• For nearly a century mankind had caused 
unprecedented changes to the nitrogen cycle by more 
than doubling the transformation of non-reactive 
atmospheric di-nitrogen (N2) into reactive nitrogen 
(Nr) forms, which cascade through the environment.

The production of Nr for 
crops fertilization has 

made population growth 
possible 

This growth has come with 
very high environmental 

and societal costs.



Nitrogen cycle



• Reactive N is 
one of the 
three 
“planetary 
boundaries” 
that have 
been 
exceeded as a 
result of 
human 
activities



Background
• Alteration of N cycle (N2  Nr forms) 

Cascade effect

• Declining of key resources

• Generation of huge amounts of waste

• Only 1/3 of bio-waste is recycled by
composting and anaerobic digestion

• N losses in Europe are estimated to cost
70–320 billion €/year

• Nitrogen useWAGES

• Loss of SOM, use of natural gas  Climate
change

• Urgent need to change the consumption
paradigm and close the system





•Agriculture and Livestock Production
• Contributes to 70% enrichement of water, air and soil with 

Nr
• Wastes agricultural valorization

• Energy, Industry and Transport Sectors

• Increasing Public Awareness 
• Change in behaviour , education

Methodology



Methodology - Agriculture and Livestock
Production

• Several measures were analyzed and proposed to help

• improve Nitrogen Use Efficiency in agricultural systems to upgrade
resources use

• Improve soil quality

• Each of the measures must be looked at in an integrative context of farm
production in order to minimize pollution swapping and hazardous soil
contaminations



Energy, Industry and Transport Sectors
• The combustion of fossil fuels releases nitrogen oxides (NOx) into the atmosphere,

contributing to the formation of smog and acid rain.

• NOx’s contribute to the formation/modification of ozone (O3), particulate matter
 Acid rain and ammonia.

• N20 Strong greenhouse gas effect and contributes to climate change

• Excess nitrogen in the form NH3 and NOx of atmosphere  leaching and run-off
to water bodies



Increasing Public Awareness

In: The European Nitrogen Assessment: Sources, Effects and Policy Perspectives (2011)



• Optimizing nitrogen application rate 

• Deep placement of urea and manures

• Use of nitrification inhibitors and controlled/slow release nitrogen 
fertiliser

• Matching N application time with crop demands

• Manure recycling

• Biostimulants 

Results and Discussion
Agriculture and Livestock Production



• Bioenergy production
• More energy from the same resource material

• Ex. Anaerobic digestion

• Low-emission combustion and energy-efficient systems

• Sewage treatment sector and recycling nitrogen from wastewater
• two-step process: (ammonia  nitrate) and denitrification (nitrate  gaseous 

nitrogen)

• Nitrogen oxides recapture and utilization
• potential fertilizer resource of around US $ 40 billion /year

• technical challenge 

• Gothenburg Protocol

Results and Discussion
Energy, Industry and Transport sectors



• Effective policies on reactive nitrogen

• Nitrogen Footprints – an education tool
• N calculator www.N-print-org

• www.pegadadoazoto.pt

• Dietary options
• Demitarian diet

• Improve NUE by 20-40 %

• Others 

Results and Discussion
Increasing public awareness

http://www.n-print-org/
http://www.pegadadoazoto.pt/


Conclusions

• Nitrogen recycling promotes the use of secondary N fertilizer source 
materials.

• However, recycling itself offers only limited solution and generates losses.

• Only the implementation of the best management practices to an increased 
N use efficiency, will change the paradigm of consume-and-dispose flow-
through system in our society and economy. 

• Change and a systematic approach throughout society is required, but the 
Circular Economy offers an opportunity to reinvent our economy, making it 
more sustainable and competitive.
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