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GHG emissions
different gases / metrics

GWP*
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GHG emissions

CO2-eq/kg milk

+ Inputs/Feed production (CO2, N2O)

+ Animal physiology (CH4)

+ Manure management (CH4, N2O)

+ Eg/Processing / Transport (CO2)

- C sequestration (-CO2)
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GHG Emission Factors (CH4 as example)

Tier 1 • 138 kg CH4 / animal and year

Tier 3 Sophisticated country-specific models that consider:
• Diet composition in detail
• Concentration of rumen fermentation products
• Seasonal variation (diets and production)
• Possible mitigation strategies: i.e. methane inhbitors
• Direct experimental data and international peer review

Tier 2
• Gross energy lost as CH4 (Ym) i.e. 4 %

• Country-specific for each livestock categories

• The more advanced the Tier used the better to

• Describe the systems
• Capture improvements in management/innovations

• Biology behind the Emission factors ?

• Most livestock GHG modelling, e.g. for LCAs, undertaken 
using IPCC Tier 1 or Tier 2 (2006, updated 2019)
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Feed production:   N2O

100 kg N

?? Kg N (Tier 1: 1 %)

• Moisture
• pH
• Tª
• C in soil
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Feed production:   N2O
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Feed production:   N2O
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Enteric CH4



15

Enteric CH4

Digestibility, %



Enteric CH4: respirometry chambers
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Enteric CH4: respirometry chambers
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Enteric CH4: greenfeed



20

Enteric CH4: greenfeed
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Enteric CH4

Same improvements of Emission Factors
in PATHWAYS 

for sheep and goats



T3.1 - Systems characterization
System summary per livestock classMilestone 11
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Enteric CH4
Examples of reductions:

1. Nutritional additives 2. By-products as alternative feeds 3. Increased longevity



Example of livestock GHG modelling
• Simple finishing beef enterprise in South West UK, based on 

McAuliffe et al. (2023) & McAuliffe et al (2018).
• 30 Suckler cow reared calves finished at 625kg liveweight, age 626 

days (352 days in finishing enterprise)

• Using Tier 2 enteric and manure equations:
• Calculated total GHGs per kg liveweight:

• 24.4kg CO2 equivalents
• Largest impacts

• CH4 (mainly enteric)
• Forages (embedded fertiliser, seeds, fuel etc)

McAuliffe et al 2023 Environ. Res. Lett. 18 084014
McAuliffe et al 2018 J. Clean. Prod. 171 1672–80



Finished cattle GHGs (CO2e kg LW-1)
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Modelled with FarmLCA, based on McAuliffe et al 2023 Environ. Res. Lett. 18 084014



Summary
• Livestock GHG estimation includes consideration of both 

animal and system emissions
• Direct emissions from livestock related to type, liveweight, 

diet etc
• System emissions related to forage and concentrate feed 

production, transport, infrastructure, e.g. lighting, 
heating…

• Emissions per animal or kg product also depend on yield, 
efficiency of production etc

• Many assumptions, alternative metrics (e.g. GWP*) and 
functional units (e.g. 100g protein) and requires 
transparency when presenting.
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Conclusions

• Consider factors that determine emissions

• Describe the systems
• Capture improvements in management/innovations



Thank you for your attention
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