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Denmark aims to reduce GHG emissions by -70% by 2030
* Climate Act: -70% emissions by 2030 compared to 1990 (2020: -40%)

* In Denmark agriculture accounts for:
« 27 % of Greenhouse Gas (GHG) emissions in 2020 (in CO2 equivalents)
* 90% of nitrous oxide and methane emissions

* Major part is related to livestock production (cattle and swine)
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[PCC Guidelines: Three tiers of methodologies based on their
complexity and data requirements

Tier 1. Simple, emission factor-based approach:
international defaults

Tier 2: Region-specific emission factors or more

refined empirical estimation methodologies

Tier 3: Dynamic bio-geophysical simulation models
using multi-year time series and context-specific
parameterization
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Various approaches exist to measuring/calculating GHG

emissions

Approaches

1. Field measurements

Guidelines

Experimental guidelines

Example of outcomes

Emission factor of manure

2. Emissions factors

IPCC Tier1and 2

National inventories

3. Empirical or process-
oriented Models

IPCCTier 1, 2, 3

Model comparing various
factors (e.g. organic vs
conventional)
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Emissions models for farm are varied and complex

Farm-level models for dairy which include multiple emission sources
25'000 potential studies identified
35 after title and abstract screening

Extracting information about:

* Modelled emission sources * Carbon sequestration
P « Land Use Change
* Purpose . ' .
, * Uncertainty estimation
« Tier level . Open access
* Boundaries « Transparency of used methods
* Units * Non-GHG impacts
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Literature review showed that most papers are from Europe

« 35 papers published between 2000 and 2023

« 25 different countries
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Literature review showed that most papers are from Europe

« 35 papers published between 2000 and 2023

« 25 different countries

Publications for Europe
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Models were including similar emission sources, with few
exceptions

Boundaries

« 25/35 included pre-chain emissions

« 1/35 model included slaughter after the
farm gate

Carbon sequestration

* 6/35 models included carbon
sequestration

« Justification for not including was that the
carbon soil was at a balance
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Agricultural crops are mainly used for animal feed production

Land-Use Change (LUC)

The EU integrated Land-Use change
in their Green Strategy 2020-2030

4 models out of 35 included
measurement of LUC impact

1 model included LUC of farm feed
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: . Industry

Import
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Justification: Model is a snapshot e

over a short time and does not —

include longer changes

Figure 1. Land-use across Denmark. Insets show (A): Aarhus, (B): Copenhagen, and (C): Odense, all at the scale shown in inset
(B). Adapted from [25].

Samuelson et al. 2021
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There is a lot of uncertainty surrounding emission factor-
based estimations

Uncertainty
« 4 out of 35 included some type of uncertainty
« Uncertainty is represented in many ways

Table 5
Sensitivity elasticities (%) for the effect of 1% change in selected emission factors on the GHG emission intensities, kg CO,eqkg~' FPCM and
kg CO,eq kg~! CW sold, young bulls.

Emission factor (EF) Response % Change in kg CO.eq kg ! % Change in CO,eq kg~! CW sold,
FPCM by 1% change in EF young bulls by 1 % change in EF
Enteric CH,4 conversion factor, Ym Linear 0.37 0.39
Manure N,O EF Linear 0.10 0.04
IPCC soil N2O EF Linear 0.15 0.17
Soil C change external factor, r,, x 11 Non-linear?® 0.17 0.19
Manufacturing fertilizer EF Linear 0.04 0.05
Fuel combined EF Linear 0.04 0.05

4 Mean sensitivity elasticity (%) for the change +/—10% of r,, x 7.

Bonesmo et al 2013
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Choice of unit affects results
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Figure 2 Total greenhouse gas (GHG) emissions from all sources, expressed as an area emission intensity (kg carbon dioxide equivalents (CO,e)/ha per
year) (a) and as a milk emission intensity (kg CO,e/(kg ECM)) (b). The boxplots show the data median and quartiles. *"Differences between models are not

significantly different from one another if they share the same letter.

Hutchings et al. 2018
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Agriculture has an impact on

Other non-greenhouse gas
impacts

 The models mostly focus on
greenhouse gas

« 3/35 measure other impacts:

On biodiversity,
eutrophication of soils, etc
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Functional
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*+' Role of agriculture

Fig. 5. The current impact of agriculture in relation to planetary boundaries.

Campbell et al. 2017
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Developing countries lack in quality and quantity of data

Data burden

 Fine balance between accurate models and data
needed

« Variation of the availability of data between
countries

 The new Farm Sustainability Data Network
(FSDN) should increase data availability and
quality for the EU

* Not only data but also region-specific models
and emission factors!
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Conclusions

Denmark will be first to impose CO2 tax
. ngh variability iIn methods used and on farms, government says

I By Isabelle Yr Carlsson
data InpUt June 25, 2024 12:30 PM GMT+2 - Updated 7 months ago [m ’ ‘Aa] ‘<}
« Comparison of results between models

Is challenging

* Formulas used should be transparent

w0 63
Organic cows are seen released to graze at the fields at Ny Lundgaard in Tjele, Jutland, Denmark April 18, 2021. Henning Bagger/Ritzau
Scanpix/via REUTERS /File Photo Purchase Licensing Rights [}
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Next step: Stress-tests

 GHG emissions reduction strategies
on the livestock sector

e Maintaining supply to the population
and remaining economically viable

e Stress-tests with three scenarios:

1. Removal scenarios
2. Structural of production system
3. Changes in Land-Use

Corridors and
sources areas

« Systemic risk index

Functional
Agrobiodiversity

Isman et al 2012
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Thank you for your attention!

T KNow HoW To MILK
THEM, BUT HOW DO T )
GeT THEeiR METHANE?

Questions?

Special thanks to:

« Beate Conrady
 Philip Rasmussen

* You Chang

 Hans Houe

 Jakob Vesterlund Olsen
« Henk Hogeveen

E-mail: dima.farra@sund.ku.dk

f EUP, European Partnershipon  Co-funded by the European Partnership for
AH&W / Animal Health and Welfare Animal Health and Welfare
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