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• Introduction 
• Reactive N 
• Impacts and effects 
• Emission process 

  
• Emission sources 

• Agricultural 
• Livestock housing 
• Manure storage 
• Manure and fertiliser application 
• Outdoor livestock 

 
• Potential mitigation 

Overview 



Source: FAO World Towards Agriculture, 2012 

Global demands 



Source: Steffen et al. 2015 
Stockholm Resilience Centre 

Planetary boundaries 



Oenema et al. (2007b) 

Reactive N – the Nitrogen Cascade 



Net Anthropogenic Nitrogen Inputs to watersheds 

Billen et al. (2013) Phil Trans B http://rstb.royalsocietypublishing.org/content/368/1621/20130123 



Ammonia 

Environmental impacts:  

• Eutrophication 

• Soil acidification 

• Local and long-range deposition 

• Particulate formation 

• Indirect GHG San Joaqin valley – particulate formation 

Nitrogen loving Xanthoria near a poultry farm (L); nitrogen intolerant Bryoria fuscens (R) 



Acidification: Forest area > CL       Acidification: Freshwater catchment > CL 

PM2.5: Loss in life expectancy    Eutrophication: Ecosystems area  > CL 

Source: IIASA, 2008 

Baseline impacts calculated for 2020 - Europe 



Emission sources 



European ammonia emissions 

Source: European Environment Agency 

• Agriculture >90% 
• Mostly manure management 

Emissions declining, but 
levelling off 



Ammonia – emission sources 
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Ammonia – emission process 
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Grazing 

• Rapid infiltration of urine – low emissions (c. 10% of urine N) 

• Emissions from dung very low as mostly organic N 



Housing emissions 

Temperature 

Air flow 

Management system – slurry vs. deep litter 

 

 Deep litter:  bedding amount 

   bedding type 

   litter moisture content 

 

 Slurry:  fouled floor area 

   floor design 

   cleaning method and frequency 

Emission up to 20% of N excreted 



Sources: Manure storage 

Above ground tin tank 

Solid manure - farm yard manure FYM 

Slurry lagoon 

Weeping wall store 

Typical emissions 5 – 25% of manure N 



Sources: Manure spreading 

Slurry – typically surface 
broadcast to grassland or arable 

FYM – typically broadcast to 
arable land 
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Manure spreading – typical emission curves 

• Greater loss from solid manures (no infiltration) 

• Slow hydrolysis of uric acid for poultry manure 

• Pig slurry tends to be more dilute than cattle 



UK ammonia emission factors for livestock 

N 
excreted 

Animal 
housing 

Manure 
storage 

Manure 
spreading 

Grazing TOTAL 

(% of N 
excreted) 

Dairy cow 128 13.0 3.5 8.3 1.8 26.7 (21) 

Other cattle 56 3.4 0.9 2.1 1.3 7.7 (14) 

Fattening 
pig 

13.3 2.3 0.9 1.0 0.1 4.3 (32) 

Sow 18.1 2.4 0.7 0.4 1.1 4.4 (28) 

Sheep/goat 9 0.1 0.1 0.0 0.3 0.5 (6) 

Laying hen 0.6 0.13 0.02 0.08 0.01 0.24 (38) 

Broiler 0.4 0.02 0.01 0.05 0.08 (21) 

Source: Inventory of Ammonia Emissions from UK Agriculture, 2015 

Average annual emission, kg NH3 per animal 



Emissions from N fertilisers 

Maximum potential emission factor, modified by a series of 
reduction factors according to: 

Fertiliser type 

Soil pH 

Land use 

Application rate 

Rainfall  

Temperature 

EF (%N) 

Ammonium nitrate (CAN) 1.7 

Urea 9.7 

UAN 4.9 

AS/DAP 2.9 



Mitigation 



Mitigation – Reactive Nitrogen 

Reduce inputs (or increase outputs) – emission intensity 

 Increase efficiency of utilisation 

Reduce losses 
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Any questions? 


