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Why Nutrients & Climate?

• Action on N2O essential to meet a 1.5°C goal

• N2O emission control requires system-wide 

improvement in Nitrogen Use Efficiency

• A circular economy strategy for nitrogen means 

avoiding denitrification to save on new N inputs

• Avoiding eutrophication from N & P can also help 

reduce CH4 emissions

• Nutrient management offers co-benefits for climate, 

air, water, biodiversity, soils & the ozone layer
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Nitrogen Damage Costs & Sources

ENA and Nature EU Damage cost: 70 - 320 billion € / year



Balancing Nitrogen and Climate

Sutton & Howard, Planet Earth  based on the European Nitrogen Assessment



What is the main source of Particulate 

Matter (PM2.5) in Edinburgh?

Urban PM2.5 Atlas: Air Quality in European cities 
(Thunis et al. European Commission  November 2017), Example Edinburgh



“The Trouble with Ammonia” to the #StikstofCrisis

See articles “The Trouble with Ammonia” and YouTube: “The CAFRE Ammonia Challenge”

A Tale of Two Tractors (Nourish Scotland)
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“Eutrophication will increase methane 

emissions from lakes and impoundments 

during the 21st century”  

(1.7-2.6 Pg C-CO2-eq y-1)

Beaulieu et al. Nature Communications 2019



Eutrophication 

prevents recovery 

after coral bleeching

Maldives: Thoddoo

@MarkNitrogen

1 September 2019
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Agriculture
1. Improving nitrogen use efficiency in crop production

2. Improving nitrogen use efficiency in animal production

3. Increasing the fertilizer N equivalence value of animal manure

Transport and Industry
4. Low-emission combustion and energy-efficient systems

5. NOx capture and utilization technology

Waste water treatment
6. Improving food supply efficiency & reducing food waste

7. Recycling nitrogen (& phosphorus) from waste water systems

Societal consumption patterns
8. Energy and transport saving 

9. Lowering the human consumption of animal protein

Societal consumption patterns

10. Spatial optimization and integration

Ten key actions for nitrogen management 



Nitrogen Fertilizer for Indian Rice
& the reduction in Nitrogen Use Efficiency

Our Nutrient World 2013



Denitrification (as N2O)

Arti Bhatia, Niveta Jain, Renu Singh et al.



Ammonia volatilization  (NH3)

Arti Bhatia, Niveta Jain, Renu Singh et al.

We need to develop capability for full nitrogen flux measurement



Illustrative Nitrogen Flows in Fertilized Rice

• Inputs
– Fertilizer 100

– Manure (50)

– Atmosphere 20 TOTAL IN   170

• Losses
– Nitrous oxide (N2O) 3

– Dinitrogen (N2) 30

– Ammonia (NH3) 30

– Nitric oxide (NO) 2

– Leaching/Run off 30

• Yield
– Grain 25 TOTAL OUT   120

– Missing 50



Avoiding excess nitrogen in agricultural likely soils 

critical to reduce N2O, NO & NO3 losses

Van Groeningen et al. 2010, Eur J Soil Sci



Is biological nitrogen fixation the answer?

• BNF – a natural form of slow 

release fertilizer = expect smaller 

% N loss than with fertilizer

• Can BNF deliver enough N?

• Hot-moments of N2O and other N 

losses from ploughed-in legumes?

• Brave new world: Nitrogen fixing 

GM wheat & rice?

• Most harvest goes to feed 

livestock, so still need better urine 

& dung management
Azolla



Slurry spreading: 
a wide range of low-emission 

techniques are available

The car and the exhaust pipe…

Splash Plate Spreader

- 1950s technology

Trailing Shoe Slot Injector

Trailing Hose



Nitrogen & 

Food Choice



• Halving EU meat &  dairy 

intake would reduce N 

pollution by 40%

Nitrogen on the Table

Westhoek et al., 2014

• NUE of the food system 

increases from 22% to 44%



Towards improved nitrogen science and policy coordination

“Every year, an estimated US$200 

billion worth of reactive nitrogen 

is now lost into the environment, 

where it degrades our soils, 

pollutes our air and triggers the 

spread of “dead zones” in our 

waterways.”

Inter-convention 

Nitrogen Coordination 

Mechanism

Sutton et al. (2019) 

UN Environment: Frontiers

Sutton et al. The Nitrogen Fix  Frontiers 2019/2019
Nitrogen Resolution UNEA 4/14



Should the UN agree a goal to 

“Halve Nitrogen Waste” by 2030?

• Challenge to more than double economy-wide NUE 

using all available options (crop, animal, food waste, 

food choice, sewage, combustion etc)

• Roughly halve the amount of N fertilizers produced 

from N2 fixation (global saving ~€100 billion / year)

• Massive economic and environmental benefits for 

climate, air, water, health biodiversity etc.

• Huge business opportunities for circular economy 

innovation and business goals (e.g. 20% of EU 

fertilizer made from recycled sources ) 
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Ricky Kej

Nitrogen Song

UN Campaign on Sustainable Nitrogen Management



The Nitrogen & Phosphorus Bottom Line 

• N & P affect climate, air quality, water pollution, biodiversity 

& ozone, relevant for multiple SDGs

• Past fragmentation has limited progress with N & P: 

A joined-up perspective offers multiple win-wins 

• Measures require better use of fertilizers, urine, dung, with 

business opportunities from efficiency savings

– Market scaling of improved fertilizer products (from 1% to 80%)

– Commitment to Circular Economy (min “20% recycled N”)

– Economic tools to improve farmer confidence in measures

– Avoiding excess meat and dairy multiplies the benefits

• Interconvention Nitrogen Co-Ordination Mechanism: 

INCOM to boost INCOME

• Colombo Declaration (Oct 2019): ambition to halve nitrogen 

waste by 2030 and save $100 billion annually.  







Cleaner
environment

Secure food
supply

Cleaner 
renewable energy

Better water 
security

Reduced climate
pressure

Better health 
& sanitation

The 
Nutrient

Nexus

Nitrogen Supply
Energy cost  

Phosphorus 
supply & access

Balanced with 
other nutrients

Diet

Transport
Energy

Human
population

Consumption,
opportunity 
& choice

The Nutrient Nexus 
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