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Air pollution and secondary fine particulate matter

Lelieveld et al 2015 The contribution of outdoor air pollution sources to premature mortality on a global scale, Nature, 
Pozzer et al 2017 Impact fo agricultural emission reductions on fine-particulate matter & public health. Atm Chem Phys
EEA 2017 Air quality in Europe doi:10.2800/358908

Extreme smog situations Agriculture largest source 
category in Europe

Mortality attributable to 
PM2.5 under emission 

reductions from agriculture

 WHO: 90 % of the global population breathe air containing high levels of
pollutants

 Agriculture is the largest source category for PM emissions in Europe
 A 50 % reduction of agricultural emissions could prevent the mortality

attributable to air pollution by ∼ 250,000 people yr−1 worldwide
 Germany is among the top 15 ranked countries of premature mortality linked

to outdoor air pollution
 In Germany, agriculture is responsible for 45 % of these premature

mortalities



 Agriculture is the main origin of nitrate in groundwater.
 The European Court of Justice convicted Germany of violating the Directive on

Nitrate in the groundwater.
 Nitrate ingestion via drinking water has been associated with reduced oxygen

transport, as well as increased risk of certain cancers.

Nitrate Leaching into Groundwater

Ward & Brender 2018 Drinking Water Nitrate and Human Health. Ref Mod Earth Systems Environ Sci.
Schullehner et al. 2018 Nitrate in drinking water and colorectal cancer risk: A nationwide population-based cohort study.
Int J Cancer.

Fertiliser use in 
intensive agriculture

Nitrate pollution in 
drinking water

Risk cancer associated 
with nitrate exposure



 Antibiotics use in agriculture is predicted to grow by 52% until 2030
 The spread of antibiotic resistance is continuously growing
 The EU estimates 25 000 deaths and an economic loss of 1.5 billon € per year

through AMR

Antibiotics use and resistance

4

Van Boeckel et al 2015 Global trends ins antimicrobial use in food animals, PNAS
Reardon 2015 Spread of antibiotic-resistance gene does not spell bacterial apocalypse — yet, nature
Wistrand-Yuen et al 2018 Evolution of high-level resistance during low-level antibiotic exposure, nature communications
Klein et al 2018 Global increase and geographic convergence in antibiotic consumption between 2000 and 2015, PNAS
EC 2018: New EU Action Plan against AMR: state of play of implementation

Antibiotics use in 
intensive agriculture

Spread of antibiotic 
resistance

Health & economic 
costs 



 Excess nitrogen causes a wide range of environmental impacts:
GHG emissions, soil acidification, nitrate in the groundwater, air
pollution, loss of biodiversity

 Agriculture and LULUCF are responsible for 24 % of the global GHG
emissions

Nitrogen and GHG emissions

http://www.nine-esf.org/files/ena_doc/ENA_pdfs/ENA_policy%20summary.pdf
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data#Sector

Key societal threats of 
excess reactive nitrogen

Global GHG emissions 
by economic sector



Agricultural GHG emissions in Germany

https://www.cleanenergywire.org/factsheets/germanys-climate-action-law-begins-take-shape

7.65% 
agriculture

55 % 
reduction

0 net
emission



https://www.ecologic.eu/sites/files/publication/2020/climatelawsineurope_summary_0.pdf

SOURCE: Duwe, Matthias and 
Evans, Nicholas (2020): Climate 
Laws in Europe: Good Practices in 
Net-Zero Management. Berlin, 
Den Haag.

Climate laws in Europe – Status quo



Examples for climate action laws in EU and non-EU 
countries

https://www.cleanenergywire.org/factsheets/germanys-climate-action-law-begins-take-shape



German climate law: 
permissible annual emission budgets

https://www.cleanenergywire.org/factsheets/germanys-climate-action-law-begins-take-shape

-17 %



Animal and Public Health

• Zoonoses, emerging disease
and pandemic threats

• Use and abuse of antimicrobials
• Animal welfare

Livelihoods & Economic Growth

• One in eight people live in 
extreme povertry

• Diverse products and 
services beyond food and 
nutrition

• Contributions to economic
growth

• Equity – women, children
and youth

Food and Nutrition Security

• Many are undernourished
and many are overweight

Climate and Natural Resource Use
• Natural resource use

and ecosystem
services

• Livestock and climate
change

• Efficient
use of
resources and
nutrient
cycling

Relation of agriculture and SDGs

Modified after Besbes 2018, Head of the Animal Production and Genetic Resources Unit of the FAO Animal
Production and Health Division



„All assessed modelled pathways
that limit warming to 1.5ºC or well below 
2°C require land-based mitigation and 
land-use change.“



MEASURING EMISSIONS FROM 
NATURALLY VENTILATED BARNS



Emission measurements from naturally ventilated barns
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Emissions and barn climate – Three-pillar approach

On-farm experimentsLaboratory experiments

validate

Modelling & simulation



Emission measurements in the ATB large 
boundary layer wind tunnel

Systematic experiments to quantify 
aerodynamic environmental processes in a 
boundary layer wind tunnel 

Assessment of emission and immission
processes

Simulation of: 
Topography: environment, buildings, cultivation

Meteorology: incoming flow, wind, turbulences, 
temperature, relative humidity, etc.

Technology: livestock buildings, ventilation 
systems, etc.



Physical Modelling: 
Investigation of a multi-floor pig building
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Concepts for best practices 
addressing environmental needs –
What is required?



Livestock feeding

• Avoid N surplus from the very beginning of the manure management 

continuum

• Adjust animal diet to animal performance

• Reduce N excretion with the urine

• Dairy cattle:

- reduction of crude protein content in the diet

- increase milk yield with moderate level of concentrates

- increase production cycles per cow

• Pigs:

- reduction of crude protein content in the diet

- multiphase feeding



Livestock housing

• reduction of indoor temperature

• reduction of emitting surfaces, reduction of soiled areas

• reduction of air flow over soiled surfaces

• use of additives (e.g. urease inhibitors, acidification)

• regular removal of slurry to an outside store

• in the longer term: smart barns with optimised 

ventilation



Manure storage and treament

• manure storage outside the barn

• cover of slurry stores

• manure treatment to

• reduce slurry dry matter content

• increase slurry NH4 content

• anaerobic digestion

• acidification

http://upload.wikimedia.org/wikipedia/commons/4/47/Guellesilo.jpg


Manure application

• make maximum use of manure 

nutrients

• low trajectory application

• application according to crop demand 

(amount and timing)

• immediate incorporation



Concepts for best practices addressing 
environmental needs 
1.Detailed understanding at process level:

• drivers and controls of emission processes



Concepts for Best practices addressing environmental 
needs 

1. Detailed understanding at process level
2. Consideration of pollutants and interactions:

• various forms of nitrogen and other pollutants
• all stages of the manure management chain
• interaction with climate change
• interaction with animal welfare issues
• interaction with between different emissions
• interactions with landscape issues



Concepts for Best practices addressing environmental 
needs 

1. Detailed understanding at process level
2. Consideration of pollutants and interactions:
3. Development of flexible concepts for environmental 

improvement
• Climate and site specific conditions are highly variable
• Three columns of sustainability must be considered
• Conflicts of interest must be addressed
• Concepts must be flexible and targeted for the specific 

region



Concepts for best practices addressing environmental 
needs 

1. Detailed understanding at process level
2. Consideration of pollutants and interactions:
3. Development of flexible concepts for sustainable 

intensification
• Climate and site specific conditions are highly variable
• Three columns of sustainability must be considered
• Conflicts of interest must be addressed
• Concepts must be flexible and targeted for the specific 

region



Ongoing EraNet projects researching on 

1. Sustainable Milk Production in Europe: MilKey
2. Emission Mitigation and Inventory Improvement: MELS
3. Methane emissions from slurry stores: M4Models

Funded by 



Decision support system for sustainable 
and GHG optimized milk production in 

key European areas

www.milkey-project.eu
@EragasMilKey
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MILKEY project
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MILKEY workflow



MELS – Mitigating Emissions from 
Livestock Systems

www.mels-project.eu

@EragasMels



MELS consortium
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MELS workflow
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WP 2

DATA COLLATION & 
MANAGEMENT

WP 3

COMPONENT 
MODELING

WP1 ADMINISTRATION and COORDINATION

WP 4

FARM-SCALE 
GHG DSS

WP 5      IMPROVING NATIONAL INVENTORIES & PROJECTIONS
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Leibniz research allianceResearch on

• 96 independent 
research institutions

• budget 1.9 billion
Euros per year

• 10 000 researchers

• Transmission of antimicrobial 
resistant bacteria

• Livestock – Environment –
Interaction



Leibniz research alliance



Reduction of AMR transmission into the environment 
by manure treatment – EsRAM project
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• efficient and persistent 
reduction of AMR 
bacteria through 
anaerobic digestion

• temperature is the key 
influence
→ microbial survival 
decreased with 
increasing temperature



Investigation of AMR transmission and PM emission
during manure application – Soarial project
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Source: Gerber Architekten GmbH

Entwurf des künftigen Tiermedizinisches Zentrum 
für Resistenzforschung (TZR) / FUB

• the drier the manure, the more 
particulate matter is released, but 
the lower is the bacterial abundance

• Optimal dry matter: 50-70% (chicken 
manure); 75-85% (pig manure)

• low health risk at > 400 m distance 
from the field



Livestock-environment interaction:
Assessing animal welfare and emissions

Gas 
analysis

Pictures: AniTech/ATB/ILVO

Development of OTICE
Online Tool for monitoring Indoor 
barn Climate, animal stress and Emission 
levels of air pollutants
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ATB will 

adapt one of the innovative RES technologies: 
biogas upgrading to biomethane for on-
farm use in a retrofitted dairy farm tractor

integrate, test and monitor RES solutions 
during implementation phase in experimental 
and commercial farms, e.g. at LVAT

work in close collaboration with the 
experimental German case study farm of LVAT

be active in the technical, socio-economic 
and environmental assessment

participate actively in clustering activities and 
co-creation with stakeholders and in 
dissemination and communication activities. 
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