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Summary

The agricultural sector is the largesmtthropogenicemitter of ammonia (NE} and methane (CHlin

the air inEurope, accounting for 94 % and 54 % of Aitl Cklemissions, respectively, in the 2@

in 2020 (EEA, 2022nd 2021). NElis a precursor of secondary particles and can damage terrestrial
and aquatic ecosystems through deposition.,@#the second mosimportant greenhouse gas
contributing to climate change after carbon dioxide, it can also be involved in the formation of ozone
and have an indirect effect on B¥toncentrations by affecting the concentrations of oxidants.

According to previous studieand in particular a study from HASA (2017), livestock farming is by far
the main agricultural susector responsible for NHand CH emissions, manure management and
enteric fermentation being respectively the most contributing sources of these two patisit

In that context this study examines the current state of:ldhd CHemissions from livestock farming
in Europe by investigating three topics:

- the spatial distribution of these emissions and the emission contribution of the farms
according to theisize and the type of animal;

- the existence and efficiency of technical measures to reduce emissions and their
implementation by Member States;

- the assessment of the impacts of these emissions on health and the environment.

To addressspatial distributionof emissions and farm contributipra methodology is defined and
implemented to estimate NHand CHemissions at NUTS2 (~regional) level in the2Elfbr 2019, by

farm size class and animal category. Inputs to the calculations consist of activity ddtblavon
Eurostat and emission factors proposed in EMEP/EEA and IPPC guidance. Given the limitations
encountered in the input data, the results of these calculations are adjusted according to the national
totals reported by the Member States. Installat®with more than 100 livestock units (LSWd)ich

only represent.7 % of the farmsaccount for a major fraction of the emissiof@6.8% and 56.84 for

NH; and CHrespectively) As regards the type of livestock, catgpearto be the first source olNH;

and CHemissions, followed by swine.

The possibility of studying the spatial distribution of these emissions in more detail is then studied by
considering different data sources: a dataset constructed by INRAE of livestock information by NUTS 3
regons in 2010; national data made available by countries; emission data reported tcRRIE;
gridded emission datasets i.e. EMEP (2019) foraddl EDGAR modelled emission data (2019) faer CH
Whereas the PRTR accounts for only a limited fraction @& &missions, the comparison of the results
obtained with the other data sources shewhat the emissions disaggregated over Europe \tlith
INRAEIatasetmake a reliable representation of NENnd CHemissions at NUTS3 level. These results
enable the identification of regions where emission density (emission levels per unit of area) is higher
Ireland, Brittany (France), Belgium, the Netherlands, some parts of Germany and Poland, Lithuania
the Po Vdey and Naples region (Italy), northern Spain. They also highlight the variability of emissions
across NUTS3 regions.

Asan introductionto the second topi¢existence and efficiency of reduction measures) overview
of European rearing systems is piaed, presenting someeaningfulproductionfiguresfor each main
type of animals
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Keymitigation measure$o reduce NHand CHemissions are thereviewed limitingthe inventoryto

those techniquesand good practiceapplicable to cattle, pigs and ponlt as these species are the
main emitters of Nkland, regarding the first two, o€H in Europe.A method based on the UNECE
approach established for the Ammonia Guidance Document is applied to review technical measures
to reduce NHair emissions.

As far as techniques to reduce methane emissions are concerned, there is no equivalent to the UNECE
document. Several documents have been consultegarticularthe report from the European EIP
AGRI Focus Group on reducing emissions from cattle farming.

Opportunities to reduce ammonia emissions from livestock operations, from building to land
application, are well identified and in part, already implemented. However, there are limits to
applicability depending on the type of building and the techniquasnot necessarily be applied in
existing buildings. Thus, significant investments are required to make them widespread. In addition,
ammonia emission reductions must be integrated into a nitrogen management system to avoid
deleterious cros®ffects and fuly exploit the benefit of a measure reducing nitrogen loss. In addition,
manure management on farms consists of several linked stages in sequemoebuilding to land
application and measures to reduce emisstompstream are ineffective if measures anet also
applied downstream.

The possibilities to reduce ¢Cemissions from cattle farms, the main emitters, are mainly related to
feed adaptation and the use of feed additives. To a lesser extent, improving productivity and genetic
improvement of animalgan contribute to a reduction in Gldmissions but these solutions are not
necessarily easy to deploy. In addition, anaerobic digestion appears to be a solution for managing
effluents to reduce methane emissions.

As well as future uptake of mitigation msures,production levels arean equally (if not more)
important driver of emissionghe relative impact of eactriver depending on the livestock species
and rearing systemg$2rojections of animal numbers per Member State for 2025, 2030 and in some
case2040 were extracted from projections reported under the NECD and Governance Regulation in
2021.According to these datand to an analysis of published scenariosthe EU as a whole, numbers

of dairy and nordairy cattle are projected to fall slightlyy 2030 and 2040 compared with 2020,
whereas numbers of poultry are projected to risignificantlyby 2040 compared with 202@.0r pigs
results are more mixed.heseprojected trendscould, however, be affected by changes in the demand
due to demaneside measures, like measures aiming to cadsstary shift towards products with a
lower CH or NH; emissions footprint or to reduce food waste.

As the third topic of this study the impacts of Nkland CH emissions on human health and the
environmentarefirst studied from a methodological point of view. Different numerical tools that can

be used to simulate the effect of emission changes on atmospheric concentrations and deposition are
reviewed chemistrytransport modelling, sourceeceptor matrices surrogate models Then a
methodology based on a previous ETC study is set up to estimate the consequences of redgicing NH
and CH emissions by a given percentage. It is based on chentrstingport modelling(CHIMERE
model) and health impact assessment (AlghtigkPoll tool). Applying thispproach we provide
estimates of théd? M, sconcentrationgeduction resulting frona 15% reduction of ammonia emissions

on the one handandthe PM:s and ozone (through te SOMS35 indicator) concentratiomsduction
resulting from &0 % reduction ofjlobalCH anthropogenicemissionon the other hand

On an annual basiBM,sconcentrations avoided by a 1% reduction of ammonia emissions are
generally below 0.5 pg/fdand represent 1 to 4 of PMsconcentrations. Reductiorean behigher in
a few areasin particular inthe Po Valleynorthern France, Belgium, @eany, Poland The Balkans,
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and Turkey Avoided damagecosts are the largest for Germany, Italy, Polan&nEe, Spain and
Belgium.

The PM;s concentrations avoided by a 5% reduction of methanenthropogenicemissions are
generally under 0.1 pg/fbut can exceed 0.2 ugfin a few areas, especially in the Palley, in Rome
region, in the north of Belgium and in the Netherlands. The avoided SOMO35 (health indicator for
ozone) is higher in southern Europe.

When taken asmEU27 average, thevaideddamagecostsareabouto n i 2 wmn meofnon- LISNJ G 2
emitted NHs and about0.05 toO.m p { € torinéoNdon-emitted CH.
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1 Introduction

1.1 Context

The agricultural sector is the largest emitter of ammomlél) and methaneCH) in the air in Europe,
accounting for 94 % and 54 %N and CH emissionsrespectivelyin the EUJ27 in 2020 (source:
EEA, 2024*) and2021(%), based omlata reported by countrigsLivestock farming represents the main
agriculturalsource of both gasesvith a contribution depending on theumber andtype ofanimals.

NH: is a secondary particulate matter precursor. Under conducive weather conditions, it combines
with other compounds in the atmosphere like nitric and sulphate acids to form ammonium salts, thus
contributing to the total particle load. In addition, the em@ss of ammonia contribute to the
atmospheric deposition of reactive nitrogen, which can disteptestrialand aquatic ecosystems.

According to a study from the International Institute for Applied Systems Analysis (IIASA, 2017),
manure management frontivestock farming is the main source of agricultural emissions afitNH
Europe, representing a contribution of #6 in the EL28 in 2015. This contribution mainly originates
from farms housing more than 50 livestock utgLSUs)which account forabout 78 % of NH
emissiongeleased byivestock farmingn 2015 this percentage was 2%, only considering farms with
more than 500 LSUs.

Contrary to thetrends observed forother main air pollutants(PMes, NQ, SQ, NMVOG), NH
emissions ifcuropehave shown limited change over the last two decades, displaying a small decrease
until 2013 followed by a slight increase between 2013 and 2017 and a slow decrease sinda@07 (
1.1).

Figurel.1: Emission®f NH; by sector, 20052020

National Emission reduction Commitments Directive emissions

1. Select country 2. Select pollutant 3. Select EEA sector aggregation
EU27 NH3 Tout

3500
- ....l .l.
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Source: EEA data viewe?021

() https://www.eea.europa.eu/dataand-maps/dashboards/nationaair-pollutant-emissionsdata.

(® https://www.eea.europa.eu/dataand-maps/data/dataviewers/greenhouseasesviewer.

(®) Livestock unit (LSU) is a reference unit used to enable cosgmasnd aggregation across different livestock
species and ages, based on feed requirements. 1 LSU is defined as 1 adult dairy cow producing 3000kg milk
annually. Coefficients are applied to the numbers of heads of other species or ages to convert tient §U
equivalent number. See https://ec.europa.eu/eurostat/statistics
explained/index.php?titte=Glossary:Livestock unit_(LfStinore details.
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CH is the second most important greenhsel gas contributor to climate change following carbon
dioxide. While it is relatively shalitved in the atmosphere (ca. 10 years), it has an about 28 and 84
higher global warming potential than carbon dioxide £COn a 100 and 20year time scale,
respedively(*).

As a volatile organic compound, it is a grodedel ozone (€) precursor, participating in{ormation
in conditions of sunlight and healt can also affect the concentrations of oxidants, thus having an
indirect effect on theformation of secondary aerosols.

Livestock is also by far the largest source of emissi@t, globally and in most countries (Saunois et
al., 2020). Enteric fermentation of feed in the stomachs of livestock, particularly cattle, is the largest
single sarce of CHlin the EU27, followed by anaerobic decomposition of livestock manure during
storage (manure managemengtrostat 2022°)).

Like NHemissions, CHemissions in Europe have decreased only slowly over the past two decades, in
particular in the agricultural sectoFigurel.2).

Figurel.2: Emissions of Cih EU27 by sector, 1992020 (in kt Cfeq)

o
-

Trends by aggregated sectors in EU-27 o=
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[ | Energy supply

Source: EEA data viee2021

1.2 Objectives

The aim of thiswvork is to assess the currergituation as regards the distributioof NH; and CH
emissiondrom agricultureacross Europe, thavailability and uptake of mitigation measurasd the
way of evaluatingheir impactsat the European scal@ hisstudy is exclusivelyfocused onlivestock
farming giventhe predominant contribution of this activity to NHind CHagriculturalemissionsl|t
also presents the methodologies that have bdarilt for that purpose and which may be reused in
future updates.

More precisely, this study is organized in three main parts.

(*) https://energy.ec.europa.eu/topics/oijasand-coal/methaneemissions_enGWPs based dihe IPCC 5
Asgssment Reporittps://www.ipcc.ch/assessmenteport/ars/

(®) https://ec.europa.eu/eurostat/statisticeexplained/index.php?title=Climate_change_
_driving_forces#Agricultural_emissions
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In the first part, a methodology is developed and applied to estimate and map emissions (total
quantities or densities) at NUTS2 resolution by type of animal, type of activity and size of farm. The
possibility of reachinghe higherNUTS3 resolution then explored considering different approaches

and sources of information: spatial reallocation of NUTS2 estimates; use of emissions reported under
EPRTR regulation; use of emissions reported uméiional Emission reduction Commitment (NEC)
Directive

Uncertainties and limitations due to gaps and quality issues in the input data and the assumptions
required for the calc@tions arepresented

As a complementhis partbriefly introducesanalternative approacho assess emissions at local scale,
based on measurememiampaigns.

The secondpart is based on a review of scientific and technical literatar@rder to present an
overview of European livestock rearing systems and a series of key technical mitigation measures per
type of livestock. It also examines the current and possibly éuiewel of uptake of those measures by

the Member Statesbased on national policies and measures and on various publishdev&U
modelling exercises. Finally, the contribution of changes in livestock numbers and production levels to
mitigation is reviewed, based on numbers presented by national projections and the same published
EUlevel modelling exercises

In the third part, a methodology building on previous ETC work is proposed to assess the impact of
reducingNH; and CH emissionson human healthand ecosystemsThisapproachis then applied,
focusing on human healtht consists in estimating the prevented pollutant concentrations due to a
reduction in NHand CHemissions over Europe, namely PMoncentrationsas regardshe precursor

NHs;, and concentrations ofPMks and Q as regardsthe precursor CH, and in deriving the
corresponding avoided costhealth benefits)

1.3 Links to Elpolicy

This study takes place in the context of thegwingrevision of the Industrial Emission Directaed
the review of the GothenburgrBtocol under the Air Convention.

It is connected with thé&U strateqgy to reduce methane emissigasiropean Commission, 2020), the
Farm to Fork Strateggnd theZero Pollution Action Plan
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2 ldentification of the main emitters of methane and ammonia in the
livestock sector at regional level

2.1 NUTSZ2evel

Asmentionedin the introduction the agricultural sector, and in particulfivestock farmingijs the
main source of methane and ammonia emissions in Eudpeeover, statistics indicate thaoldings
housinga large number olivestockheadsaccount for anajor part of these emissions.

It is therefore interesting to determine where the large farms are located in Ewang® which extent
they contribute to the emissions of Nldnd CH. For this analysis, we will consider as large farms the
last two Eurostat LSU classes: more than 500 LSUs and between 100 and 506ffets statistics
and mapswill be elaboratedto providea syntheticand spatialview of NH; and ChHl emissions from
livestockin EU27, distinguishing betweethe type of adwity and type of animal

Methodology

Spatial emissiomventoriesexist but the information provided is not sufficiently detailed to precisely
determine the origin of the pollution in a given aréarNH;, nationalgridded emissionmapsat 0.1°

x 0.2 resolution are reported by EU Member Statesinder the National Emisions reduction
CommitmentDirective but thesedo not distinguish the contribution of different livestock types or
differentfarm sies. For Cklthereare norequirements for Member States to repapatial emissions
maps and international datasets available (e.g. ED@M&e based on simplified methods.

Therefore, he use of refined activity data and emission factors could help to assess and locate the
areas in which these large installations emit most of the methamammonia.

Two guidebooks (EMEP/EEA, 2019 and IPCC, 2019) provide guidance to evaluate ammonia and
methane emissions from livestock activity. Activity ddimestock numbersht NUTS2 level are
available fromthe Eurostat websit€) but are not suffieent to use the best methodologies proposed

in guidebooks. As a result, reported emissions available at national level should be used as baseline
data.

Therefore, the methodology developed for this study proposes to calculate emissionavailable
activity data and emission factors and then to adjust them with the reported emission([eigtare
2.1).

(%) https://edgar.jrc.ec.europa.eu/
() https://ec.europa.eu/eurostat/data/database
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Figure2.1: Methodology developed to assess emissions at NUTS2 resolution

Livestockat NUTS2
level

Detailed by type of N
animal

Estimated emissions by type of Emissions reported at national level
animal, type of activity and size by activities sectors for livestock

of farms and manure management
At NUTS2 level

Source : IPCC and EMEP Fitting estimated emissions

Final emissions by type of
animal, type of activity and size

of farms
At NUTS2 level

Input data

To evaluate emissions, the methatbstly useds to combine activity data with emission factors (EF).
Activity data have been collected from Eurostat and emission factors weuedsfrom official
guidebook (EMEP and IPCC).

9 Emission factors

Two guidebooks were used to collect emission factors and to prepare them to calculate emissions

Ammonia emission factors

The joint EMEP/EEA air pollutant emission inventory guideifqgiovides guidance to elaborate
national emissions inventories. More specifically, the chapter 3 dedicated to agriculture activities
proposes a methodology and emission factors to evaluate amanemiissions from livestock (chapter
3.B). Depending on the data available, different methods can be used (Tier 1 to Tier 3, the most
advanced calculation method). For this study, activity data have been limitdtetmformation on
livestock numbers avaible fromEurostatat NUTS 2 region levéWlore accurate data are probably
available but would need to be obtained from each Member State.

Only Tier 1 methodology can be used with Eurostat data. Aggregated emission factors are provided to
evaluate NH emissions according activity sectors and type of animals. Three activity sectors are
assessed: manure management from livestock, manure applied to soils and excreta deposited by
grazing livestock. Animals acassifiedoy species and some swahtegories. Emsgon factors are also
distinguished by slurry and solid only for cattle and swine.

Lastly, enission factors depend on the productivity system used in the country. This table identifies
two types of country: western and eastern European countries, regpagthighproductivity systems,

and lowproductivity systems. For this study, European countries were distributed as showéapin

2.1

(®) https://www.eea.europa.eu/publications/emeeaquidebook2019
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Map 2.1: Type of animal waste management system used in European countries

-

Regional productivity system

Regional productivity systen
Il Eastern Europe
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[ Outside coverage
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Collected ativity datashould match those emission factols particular they should fit at least with
sub-categories of animals defined in the Tier 1 methodologlgichis not fully he case as presented
in the following section (livestock datayhey should also allow the distinction between slurry and
solid. Theestimatedshare ofmanure managed islurry and solicystems wadased on theanimal
waste management system regional aages given in the table 10A.6 (NEW) frahe 2019
Refinement to the 200PC SuidelinegVol 4, Chapter 10)

Methane emission factors

The Intergovernmental Panel on Climate Change (IP@®)des guidelines in auidebook®) to
elaborate national greenhouse gas inventories. Vokime 4% (2019 edition) gives methodologies
to evaluate emission from agriculture, forestry and other land @eapter 1¢') describes how to
estimate emissions from livestock and manure managame

As described for ammonia, different methodologies are proposed in accordance with the availability
of the activity data. Tier 1 method has been also used for this study.

Methods are provided fortwo different source categoriesenteric fermentation ad manure
management from livestock. Animals are categorised by species and soroatsgbries. It should be
noted that no emission factor has been establisifi@denteric fermentation irpoultry.

As for ammonia, emission factors are dependent on the petidity system of the country: the same
country allocation was useak presented itMap 2.1.

CH emissiondrom manure managemerdre alsosensitive to temperature. Emission factors depend
on the climate zone where the emissions astimated. Geographic information about climate zone
as araster filecompatible with GIS systemgasnot available from IPC©Only maps are provided in
reports (likeMap 2.2).

However, a raster filg?) was found on the website of the European soil data centre (ESDAC) and was
used to evaluate the climate zone of each NUTS2 region in Europe using GIS prodegsiig) (

(®) https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html

(29 https:// www.ipcenggip.iges.or.jp/public/2019rf/vol4.html

(*Y) https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4 Volume4/19R V4 Ch10_Livestock.pdf
(*? https://esdac.jrc.ec.europa.eu/projects/RenewableEnergy/
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The Chimethodology is a little more complex to implement than the one used for ammonia. Different
equations have to be applied to obtain aggregated emissfantors accordintp activity sectors, type

of animals, productivity sector and climate zone (manure only).

As written in the previous section concerningNéthta activities collected should fit at least with sub
categories of animals defined in the Memethodology.

Map 2.2: IPCC climate zones from IPCC guidebook

IPCC Climate Zones
(CRU 1985-2015 data)

Climate Zone .

:] Tropical. montane - Warm temperate, maist - Boreal, moist
B Teopical. wet I warmtemperate, ¢y [l Soreal ary
I Trorical. moist [ Cool temperate, moist [ | Polar, moist
[ Tropica, ary I cooitemperate ory [ | Polar, dry

Map 2.3: Climate zone from ESDAC website
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Climate zone
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[ wam temperate, ary [l Soreal.moist [ Tropical, dry
[ cool temperate, moist | Boreal, dry

[ cooitemperate, ary  [I] Tropical, montane

Table2.1 summarizeshe data sourcesn whichNH; and Chlemission factorsised in this study are
based
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Table2.1; Datasourcesused to obtain NHs and CH emission factors

Pollutant | Source Object

NHs EMEP/EEA air polluta Emission factors from manure management
emission inventory
guidebook - chapter 3.B-
Table 3.2

CH IPCC  guidebook (201 Methane emission factors by animal categol
edition) -TABLE  10.1) manure management system and climate zone
(UPDATED)

NH and| IPCC  guidebook (2019| Animal waste management system (awn|

CH edition) - table 10A.6 10A.7,| regional averageallocation
10A.8 & 10A.9NEW)

CH IPCC guidebook (2019 Default values for live weights for anim
edition) - table 10A.5 categories (kg)

CH IPCC  guidebook (201 Default values for volatile solid excretion rate
edition) - table 10.13A

CH IPCC  guidebook (201 Enteric fermentation emission factors for tier
edition)-table 10.10% 10.11| method
(UPDATED)

9 Livestock data

Eurostat provides numerous statistics for the agricultural sector at European, national, and sub
national level. The use of emission factors requires sufficiently accurate activity data: detailed data by
sub-categories of animals. In addition, one of thigiectives of the study is to assess the distribution

of emissions according to farm size and their location. And finally, it is necessary to assess emissions
for the year2019 to fit with available national emissions inventories. Different datasets were
investigated to meet these objectives.

Table2.2 presents the different Eurostat datasets that could be used for this study.

Table2.2: Eurostat datasets

Name of the| Theme Information Comments
dataset
Time 2005 to
coverage 2013
Number of Number
farms and of heads,
heads of . number
) Units of
ef_olslsure animals by data of
- 9 livestock holdings
units (LSU) (farms).
and NUTS
2 reqi i
gions Animal Detailed
. sub-
categories .
categories
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Name of the| Theme Information Comments
dataset
Distinguishe| Yes,
d by size of expressed
farm in LSU
Time 2013 and
coverage 2016
Units of
data:
Units of Number
data of heads,
number
of
holdings.
Main Main _ Only main categories are provided:
i categories
ivestock :
. o Live
ef Isk_main | indicators bovine
by NUTS 2 .
regions ) SWine,
Animal sheep,
categories | poultry,
goats,
horses,
asses,
mules and
hinnies
Distinguishe| Yes,
d by size of | expressed
farm in LSU
Time 2013 and
coverage 2016
Units ofdata | Number
of heads,
number
ef Isk_bovin | Sub of
e, categories holdings.
ef_Isk_gpig, | of
ef_Isk_sheep | categories | Animal Detailed
and of animals | categories | sub
ef_Isk_poultr | by NUTS 2 categories
y regions Distinguishe| Yes, but
d by size ol expressed
farm in number
of heads
and not in
LSU
: Time 1977 until
Animal
Agr_r_animal| 21eductio coverage 2021
- Units of data|] Number
nsby
of heads
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Name of the| Theme Information Comments
dataset
NUTS 2 Animal Detailed
regions categories | sub
categories
Distinguishe | No
d by size of
farm

It can be noted that none of these datasets perfectly meets the needs of our study.

The datasety Sdfslsureg initially seemed to be closest to what wasquired, but when these data

were preprocessed, inconsistencies made it impossible tothem. This table gives two information

for each NUTS2 (NUTS1 or country) and animakatdgories: the total number of heads and the
number of heads according to each LSa$sbs. The sum of LSU classes should be equal to the total
number of heads. In practice, this is not always true. These inconsistencies were confirmed by Eurostat.

Adjustments were therefore required and applied by combining three sets of data folltheértgree

steps below:

1 ef _Isk_bovine, ef Isk_gpig, ef Isk_sheep and ef_Isk_poultry were used to dispatch activities
according to detailed subategories of animals.

For horses, mules and asses, no detailed data were available. Aggregated data from
el _Isk_main were used.
More specifically, detailed statistics of sheep were missing in the ef Isk_sheep dataset for
Bulgaria and Estonia. Another source was found tonfithe gap. This file refers to old data

(2010) coming from Eurostat.
The processing of these data provided a dataset detailed by NUTS2 anlhssds of animals

for the year 2016. Sublasses of animals of this dataset are presented in Annex 1.

1 ef_Isk_maén dataset gives for each NUTS2 region the distribution of number of animals by
farm size for each animal species: cattle, pig, sheep, poultry and horses. In this dataset, the
size of a farm is expressed as LSU (Livestock unit). Eurostaf#)rét€hé ivestock unit is a
reference unit which facilitates the aggregation of livestock from various species and age as
per convention, via the use of specific coefficients established initially on the basis of the

nutritional or feed requirement of each typeafimak ® L (i

Fff26SR F2NJ GKS

aggregate statistics from different species and to calculate emissions by size of farms.

Assuming that the distribution of animals in the stdtegories is the same regardless of the
size of the farm, ef_Isk_nmaiwas used to dispatch the 2016 data from the previous dataset
into five different sizes of farms: less than 15 LSU,4Bt6LSU,50 to 99.9 LSU, 100 to 499.9
LSU,500 LSU or over.

9 agr_r_animal dataset gives the evolution of livestock activity from 182D21. It is

supposed to give NUTS2 statistics for every year and country. But for someiegud#ta

are not available for most recent years at NUTS2 level. They are only available at NUTS1 or
national levels and sometimes not at all available for&8fd 2019 in this dataset but

available in ef_Isk_main for 2016.

(*3) https://ec.europa.eu/eurostat/statisticeexplained/index.php?title=Glossary:Livestock unit_(LSU
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This dataset was used to adjubke detailed2016 data calculatedt the previous stepo 2019
activities based on available data (national, NUTS1 or NUTS2 level).

In summary, many adjustemts were required to finalise this work.

Eurostat proposelivestock statistics from 34 countries but for some countries, data were partially
available or totally missing. Only data frahe EU27 countrieswere analysed. They are presented in
Map 2.4 and TableA2.1(Annex 2).

-

Map 2.4: Countries with available livestock data

Auvailability of livestock data

Availability of the data
I ves
3 o

[ Outside coverage |

Adjustment using nationdevel reported emissions

Combining enission factors and livestockctivity provided emissionsdata at NUTS2 levellhese
emissionswere estimated from aTierl method due to a lack of refined actvdata. Therefore,to
improve the quality 6these results emissions reported by the Europebfember Sates were used
to fit the emissions calculatedhe latterwere adjusted by entting activity: enteric and manure
management.

Results

Livestock activity, emission factors and emissions reported were combined to calculate final emissions
for the year 2019 Thesecalculatedemissions are provided for the 27 countries of the European Union
(EU27) and detailed by local region (NUTS2) adogrtb the type of animals, the activity sector and

the size of the farmslet us recall thathese resultscover only emissions from livestock activities.
Other activities likenorganicnitrogenfertilisers are not evaluated.

Results are given in an Exdile attached to this reporaind maps are provided in trennexes.

When analysing the resultas mentioned earlier in this chaptewe consideias large farmshe last
two EurostatLSlkclassesmore than500 LSUdetween 100 and 500SUsWhereas thdastclass
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(more than500LSUsgenerally accounts for less than 260fNH; or CH emissions, consideringpth
categries allovs to focuson facilities ofsignificant size while accounting for more than®%®fthe
emissions.

NH; emissions
European and national level

Manure management, manure soils and grazing livestock emissions contributé/oo? &he total of
ammonia emissions in the E27. 41.5 %, 24.50 and 7.0% are respectively emitted from manure
managemenfrom livestock, manure applied to soils and excreta deposited by grazing liv¢siguke

2.2). Results may vary by country from 56 to 9 of the total emissions of the country. Manure
management mostly accounts for the majority of livestock emissions followed by manure soail
emissiors.

Figure2.2: Contribution of livestock to Nklnational emissionsn 2019.

W Manure Management emissions (% of all emissions sectors) m Manure Soils emissions (% of all emissions sectors)
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More specifically, among the activities covered by this study, manure management almost always
predominates as the maiemitter of NH, followed by manure applied to soikigure2.3 shows the
results for these activities.
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Figure2.3: Contribution of subSECTOR® NH; livestock emissionén 2019
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Regarding the distribution of emissions according to the type of anifiRigare2.4), cattle is the main
emitter with a contribution of 51.3 %, followed by swine (27.5 %), poultry (15.2 %), sheep (4 %) and
horses, asses and mules (2 %).

Figure2.4: Distribution of NH emissions by animal species in 2019 (only emissions from livestock)
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Regarding the distribution of emissions according to the size of the holdimgarge farms (more
than 100 LSU) emit 66% of theestimated emissions over 27 European countrigigre2.5). This
result can be compared with the number of these holdirfggifre2.6) which represent only 4.% of
the farms. Except for some countries, these farms are the main emitters.
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Figure2.5: Distribution of NH emissions by farm size in 2019 (only emissions from livestock)
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Figure2.6: Distribution of farm sizes by LSU in 2019
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The large cattle farms represent the main contribution (55.2 %) te éfhissions emitted by cattle
(Figure2.7). Graphs for other species are presented in Annex 3.
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Figure2.7: Distribution of NH; emissions by farm size in 2019 (only emissions from cattle)
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Annexes 5 and 6 provide maps of the distribution of estimated livestock emissions at national level:
respectivelytotal emissions(kt) and intensity of emissionger unit area (kg/km2). Emissions are
detailed by sectors activities (enteric and manure management) and type of animals.

NUTS 2 level

In Annexes 7 and 8, the spatial distribution of emissions at NUTS 2 leyakeasned in the same
manner agdescribed in the previous paragraph for natiotelel emissionsThis allows hot spots to
be highlighted on the maps. Location of hotspots may depending on the sector of activity targeted
by the map.

Maps in the Annex 9 speciity focuson large farms with different representations:
9 contribution of large holdings in each NUTS2 to the natienassionsshowsfor each country
which NUTS &egions are the main emitters
1 contribution of large holdings to each NUTSirRlicates which NUTS 2 regions arestly
impactedby large farms,
9 and contribution of large holdings for each species to each NUirli2zaes which type of
animal from large holdings are the mamitters.
Cattle, pigs and to a lesser degmeeultry are the main emitters foNHs from livestock in many NUTS
2 regions

CH emissions
European and national level

Enteric emissions and manure maeagent emissionsogether account f063.4%(43.7 % and 9.%
respectivelypf the total of methane emissions in the 2@ (Figure2.8). Results vary by countrfyom
23 to 93% of the total emissions of the country.
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Figure2.8: Contribution of livestock to Clhational emissionsin 2019
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More specifically among the activities covered by this study, enteric emissions aof abikhys
predominate.Figure2.9 shows the results for these activities.

Figure2.9: Contribution of subsectors to Chllivestock emissionsn 2019
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Regarding thalistribution of emissions according to the type of anim&ligre2.10), cattleare the
main emitter a contributioracross the EA27 of 79 %, followed by swine (10%4), sheep (7 %), equidae
(2.6 %) and poultry (1 %).
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Figure2.10: Distribution of CHemissions by animal species in 2019 (only emissions from livestock)
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Regarding the distribution of emissions according to the size of the holdings, the large farms (more
than 100 LSU) emit 56.8 % of the estimated emissions in thg7HElgure2.11). This result can be
compared with the number of these holdingsidure2.12) which represent only 4. %6 of the farms.
Except for some countries, these farms are the main emitters.

Figure2.11: Distribution of CHemissions by farm size in 2019 (only emissions from livestock)
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Figure2.12: Distribution of farm sizes by LSU in 2019
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The large cattle farms emissiorepresent the majority56.4 %) of CHemissions emitted by cattle
(Figure2.13). Graphdgor other species are presented in Annex 4.

Figure2.13: Distribution of CHemissions by farm size in 2019 (only emissions from cattle)
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Annexesl0and11 provide maps of the distribution of estimated livestock emissions at national level:
respectively emissions weighted by ar¢kg/km2) and intensity of emissions (kBEmissions are
detailed by sectors activities (enteric and manure management) and type of animals.

NUTS 2 level

In Annexes 12 and 13, the spatial distribution of emissions at NUTS 2 level are presd¢imneskime
manner as described in the previous paragraph for natideadl emissionsThis allows hot spots to

be highlighted on the mapkocation of lotspotsmay vary depending on the sector of activity targeted
by the map.
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Maps in the Annet4 specifially focuson large farms with different representations: contribution of
large holdings in each NUTS2 to the national emissions, contribution of large Isdioiegch NUTS 2
and contribution of large holdings for each species to each NUTS 2

Contrasting witlNH emissions, ltese last maps shothat large cattle farms are the main emitter$
CH from livestockin many NUTS,2inlike other anima whichshow a high contribution innly some
NUTS 2

2.2 NUTSS3 level

The highest resolution of publicly available livestock data provided by Eurostat is at NUTSIA level.
this part of the taskiore spatially granular livestock data were soughtiésive NUTS Igvel CHand

NH; emissions estimates for 2018ssumingllocationproportional to number ofivestocR, from the
results of the NUTS 2 analysis described above.

There were severadotential sources of information pursued:
1 Publicly availabl®&UTS 3 (or fer) level livestock data publishdxy or available on request
from individual Member States

Europewide data on livestock numbers for 2010, from INRAE
E-PRTR point source emissions data for large poultry and pig rearing installations

Gridded emissions data, from EDGARs @Rd NECD gridded emissions reportingsjNH

The following sections describe the methodology and results of exploring each of ghe=atial
sources

INRAE 2010 Europeide NUTS 3 livestock populations

Methodology

Adataset constructed by INRAE of livestock information by NUTS 3 regions {{2@iimont et al.,
2018) based upon Eurostat data, was able to be used as a foundgtmmwhich to allocate the NUTS

2 emissions estimates down to NUI 3evel. Amongst other data, the INRAE dataset comprised of
numbers of livestock heads by livestock type for each 2010 NUTS 3 rédfloough this data is
relatively old, itis likelythat the broadspatialdistribution ofthe mainlivestock types namely cattle,
equidae, pigs, poultry, and sheepvithin NUTS3 regionshas not changed dramaticaletween 2010

and 2019 as theseoatternsrelate partly to quite stable climati@and geogaphic factors

The general approach takevas tomap thelivestock populations in the 2010 NUTS 3 regions onto the
equivalent 2016 NUTS 3 classification, taking into account aggregation, disaggregation and boundary
changes that occurred between the diféeit NUTS versions.

Amendments to the NUTS classification were made in 2013 and 2016, but there were no changes
between 2016 and 2019. Accordingly, correspondence tables from Eurostat were used to identify
which NUTS 3 regions had undergone significant boundary changes IbeR0&6& and 2016. Such

changes entailed regions being split up, merged with other regions, or discontinued in favour of a

(*4 https://data.inrae.fr/file.xhtml|?persistentld=doi:10.15454/078MYF/IDFXPZ&version=2.3
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newly defined regions. Regions not included in the tables were also subject to boundary adjustments,
but to such a small extent that ¢hdistribution of livestock was assumed to have remained unchanged.
For regions included in the tables and subject to boundary amendments, an analysis was carried out
within GIS software to closely examine the spatial changes between the 2010 and 2016.

The output of this process was a spatial profile of the segments of 2010 NUTS 3 regions forming the
2016 regions. The area of each segment within a given 2016 region was divided by the area of the
original 2010 region it belonged to, and the corresponding®lvestock head totals for that region
were multiplied by this factor. Aggregating these estimates of livestock heads, by livestock type, for
each segment, yielded estimates of the livestock distribution for a give@ I9QTS 3 region.

To estimate emisensat NUTS 3 level, the NUTS 2 emissions estimates described in fettvere
allocated in proportion to the livestockopulations in each constituent NUTS 3 regibor. each
livestock type, the NUTS 3 livestock heads estimais dividedby the sum of all NUTSIi®estock
headsestimates within a given NUTS 2 regiorprovide an allocationfactor. Thisfactor was useda
allocate the 2016 NUTS 2 emission estimates to NUTS 3 regions.

Finally, the newly calculated NUTS 3 emission estimates were divided by the area of each
corresponding region in square kilometres, so that the estimates were per unit of area. This enabled
the identification of regions where livestock emissions were more concent(eg 2.5; Map 2.6).

Results

Map 2.5: Disaggregation oAmmoniaEmissiongstimatesfrom NUTS2 toNUTS 3 Regions in 2019
using INRAE2010) dataset
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Map 2.6: Disaggregation oMethane Emissiongstimatesfrom NUTS2 taNUTS 3 Regions in 2019
using INRAE (2010) dataset
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Member state published NUTS 3 level livestock populations

Methodology

Member StategMS)may makeavailable NUTS 3 (or finer) scale livestock population stattatiase

via statistical agenciedut the location of thesedatais not alwaysbvious. For this reasom,short
questionnaire was sent toepresentatives of each E&¥ MS requesting NUTS Igvel datafor 2019

(or link to an online location) to be provided to the team.

Responses were received from MB Some responses indicated that no suitable data are currently
available but for several MS appropriate dateem to be available (s@eable2.3 below):

Table2.3: Summary of responses received from EU MS to thuestionnaire sent

Country | NUTS 3 (of Public /| Link (if available) Comment
finer) level | not public
available?
Austria | No - Data only at federal provinc
level, equivalent to NUTS2
Croatia | Yes Public https://stocarstvo.mps.hr/i
Zvjestajio-broju-domacih
zivotinjajrdz-i-
isporucenimkolicinama
mlijekaslkm/
Cyprus | No -
France | Yes Public https://agreste.agriculture.| Data are for Departments;
gouv.fr/agreste NUTS codes not provided

saiku/?plugin=true&query4
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Country | NUTS 3 (of Public /| Link (if available) Comment
finer) level| not public
available?
query/open/SAANR 6#qug
ry/open/SAANR 6
Ireland | Yes Public https://data.cso.ie/table/A | Dublin is combined with
AAQ9 another NUTS 3 region
Italy Yes Not public NUTS 2 data (regions) a
public, NUTS 3 (provinces) g
not
Luxemb | Yes Public NUTS 2 and NUTS 3 regions
ourg identical, so no need fo
additional data
Netherl | ? Public https://opendata.cbs.nl/sta| Data available for Province
ands tline/#/CBS/nl/dataset/807| and Landbouwgebieden, by
83ned/table?ts=16545990| more work is required td
94784 determine how these aligr
with NUTS 3 regions
Portugal | Yes ? Old NUTS codes used
Slovenia| Yes Public 2016 is the latest year

Thee was insufficient time availabie this projectto collate the NUTS 3 level dgieovidedfor all MS
Sme effort would be required tcharmonise the spatial basis whed versions of the NUTS
classification are still useduch as for Portugaland where regions have been split or boundary
changes have occurrathcertainty would be introduced due to the need to specify an allocation rule.
Therefore, the scope of thexploration of national livestock dateas limitedto an example casstudy
country ¢ Croatiag where the spatial basis, year and livestock classification were compatible with the
NUTS 2evel results presented in Secti@ril.

NUTS 2 level emissions were disaggregaeNUTS 3 regions for each livestageciesseparately
Emissions were allocateid proportion to the share othe parent NUTS population of livestock
speciesXcontained in eaclof the consituent NUTS 3 regions

Givenadditional time and resources tobtain responses from other MS and collate data, such a
method could be applied across many more MS of interest, if this bramg#le benefitfor mapping
key emissions sources
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Resuls

Map 2.7: Demonstration of disaggregation of emissions from NUTS 2 to NUTS 3 level using n.
livestock data for Croatia; all livestock combined.
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Map 2.7 above presents the results disaggregating NUTS 2 level emissions estimates (expressed as
emissions intensity per area tonnes / kto control for the area bregions) into NUTS 3 regions

In this example, it is clear th#ttere isconsiderable variation in emissions intensiyross the NUTS 3
regions making ugKontinentalna HrvatskéHR4), with the highest emissionstensity of both NH
and CHbeinginY 2 LINA-PYNA OB P 6 (HROAD dzLI Yy A 2 |

Validation of the NUTS 3 level maps created from INRAE 2010 data

In addition to demonstrating the potential for national data to be used to disaggregate NUTS 2
emissions ednates the Croatian national dataeve alsousedto validatethe accuracy ofhe Europe

wide NUTS 3 emissions estimates Croatia,created from INRAE data on 2010 livestock populations
(seeprevious sction).

Given theage of the INRAE data and allocation assumptions necessary when NUTS boundaries have
changedjt would not be surprising if the spatial distribution of livestock populations seen in the
INRAE data and in the Croatian national data are rather differentelenin fact they are rather

similar, with a correlation of 0.97 for cattle emissions and 0.93 for emis&iomspigs, with no

particular high or low bias either wdlgigure2.14).
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Figure2.14: Comparison oéstimated NUTS 3 level emissions using livestock population data from
INRAE 2010 and Croatian national statistics for 2019
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Although this validation was only undertaken for Croatia, it nonethejsss some confidence that
the 2010 livestock spatial distributions underlying the Eurapde NUTS 3 emissions estimates may
still be relatively validh 2019

EPRTR point sourceng@ssions

Methodology

Reportingof emissions from intensive rearingmfs and poultryinder theEuropean Pollutant Release
and Transfer RegistéEPRTREEA, 2028 isanother potential source adpatially explicit emissions

information. Such point-sourcedata can potentially support very finescaleemissions mapping and
impact modelliy.

However,for agriculture where there arenany sources of emissions, both point and areas sources,
there are issues of copleteness Chief among these is tlmnission of facilitiesearing cattle or other
ruminants from reporting under the IED or-BRTRwhichfor CH in particular represent a high
proportion of emissionsAlso relevant are the activity and pollutant release thresh¢sdeTable2.4
below) for reporting to the BPRTR, meaning that potentiallysignificant quantity of emissions from
small facilities falling below these thresholds are ocovered Finally there are issues of geographical
completenessvhere certain Member Statdail to report emissions for particular activities and years.
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Table2.4: Activity and pollutant release thresholds farlevant activities covered by PRTR
reporting
Activity | Activity description Activity threshold | Pollutant release
code threshold

7(a)(i) Installations for the intensive rearing ( 40 000 animal CH: 100000 kg
poultry or pigs40 000 places for poultr] places NHs: 10 000 kg

7(a)(ii) | Installations for the intensive rearing ¢ 2 000 animal place{ CH: 100 000 kg

poultry or pigs: 2 000 places fo _
production pigs (over 30kg) NHs: 10 000 kg

7(a)(ii)) | Installations for the intensive rearing ¢ 750 animal places | CH: 100 000 kg
poultry or pigs: 750 places for sows NHs: 10 000 kg

In this project the coverage of PRTR emissions was assesseterms of the fraction ototal
emissions fronall pigs and poultrthat are accounted for in the-BRTRThe aim othis is toconsider
if, and where, PRTR data maye suitable forinput into emissions mapping.

In order tomake this assessmemngported emissiondrom pig and poultry facilities in the-lBRTR in
2016 (defined by the Activity codes listedTiable2.4) were summed up within NUTS 2 regionhis
was done based oa spatial join (in QGIS) between tfaxility point coordinatesprovided in theE
PRTR data and thdUTS 2 shzefile. 2016 was chosen as the reference year, as in this year the
reporting of EPRTR data lIsome keyMSwas relatively completéThe NUTS 2ERTR totals were then
compared against the NUTS 2 emissions estimates for 2016 developed as described ir2Section

Results

In general, theoroportion oftotal pig and poultry emissions accounted for by facilities repottiinipe
EPRTRs low The EPRTR has generally better coverageNbg than it does for CHlikelydue to the
lower pollutant release thresholtbr NH; meaning that a higher proportioof facilities actually report
emissions. Thisan beseen in themuch denser distribution gfoint locations in the map for NHhan
for CH (Map 2.8; left hand side)

Similarly, the proportion of totgbig and poultry Nklemissionsaccounted foby EPRTR facilitiesas
higher than for CiH(Map 2.8; right hand side)with EPRTR data accounting for less tharf20fCH
emissions iralmost all NUTS 2 regians

Also noticeable is the variation ihe fraction of emissions covered by th®PRTR across MSome MS

do not report any emissions (denoted by the gtege in the maps on the right hand sideM#p 2.8)

and some comparisons could not be made due to NUd& differences between theanalysis
presentedin 2.1and the aggregated PRTR data (e.qg. in Ireland and Lithuania). On the otherfloand
some MS such as BulgariaPRTR reporting accounts for the majority (and in some NUTS 2 regions
almost 100%) of emissionsn suchwell-represented locationd=PRTR data may be a very useful input
into emissions modelling.
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Map 2.8: Distribution of EPRTRpoint-source emissions (left) for pigs (orange) and poultry (green)
and the proportionof NUTS 2 level emissions accounted liyr EPRTR pointgright). 2016 data
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Data source EPRTR datdrom https://www.eea.europa.eu/dataandmaps/data/industriadreportingunder-
the-industriat6, version 4215 Public_Product_Full Access_v7»

Gridded emissions data

Gridded emissiondatasetsprovide aconsistentand relatively fine spatial resoluticecross Europe.
Due to these attributes,htey are frequently useds inputs to modellingdowever,from a review of
availabledatasets, there are no publicly available datasetsa consistent basis across the whole of
Europewhich a) are based orthe most accurate national reportingand b) cordin a detailed
breakdownof emissions by livestock category

For NH, MS report aggregate gridded emissi@is 0.2 x 0.2 resolutionevery 4 yearat aggregated
NFR(GNFR)code level;K_AgriLivestock and L_AgriOther. K_AgriLivestock combines together al
emissions from all emissions reported under category 3B (manure manageregridded dataset

for the entire EMEREuropean Monitoring and Evaluation Program)megion is available for 2019
from the EMEP Centre on Emission Inventories Brajections (CEIP, 2023s far as possible, this
makes use of M&portedgridded emissiondata, and therefore takes advantage of courspecific
estimation methodology, and anfine-scale data on livestock distribution available to national
inventory compilers. Gaps are filledoy TNOusing data fromCAMS (Copernicus Atmospheric
Monitoring Service) and EDGARnssions Database for Global Atmospheric Reseawdhith is
augmented by point source informati@vailable under the PRTR
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For CH EDGAR da (Cripa et al., 2019ere located for 2019 This also has @.X 0.2 resolution
Unlike theNH; data, layers are available for different emissions categories, but on the otherthsnd
does not take into account reported emissions by §iBis a purely modelled dataset with uniform
methodology

Map 2.9 hereafter presents the gridded emissions maps forsNBNFR K_AgriLivestock) aGeh
(EDGAR
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Map 2.9: Gridded emissions data f@2019for ammonia andmethane
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in EU Member States in 2019

resolution = 0.1°, including grazing livestock and manure
management emissions (not including manure soils)
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Sources:
GriddedAmmoniac CEImttps://www.ceip.at/the-emep-grid/griddedemissions
GriddedMethanec¢ EDGARttps://edgar.jrc.ec.europa.eu/dataset ghg70
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Due to the limitations of each dataset mentioned above, the gridded data were not deemed suitable
for disaggregating NUTS 2 leeatissions to NUTS 3 level. However, they were used as a-checke

to validate the results obtained from applying the INRAE 2010 livestock distribution data (see next
section).

The map of gridded NH3 emissions abdvea§ 2.9; bottom panel)clearly shows differengualities of

spatial patterns of emissions different countries; for example Spairthere appears much firscale

variation inemissionsas though associated mainly with point sources, compared maighbouring
Portugalwhere they vary more smoothlgver larger scalesSome of this variation maglate to real

differences in production system, budifferences inmapping methodology also exist between
countries and this reduces comparability across the whole of Europe.

In Sectiord, griddedemissionglata fromthe Copernicus Atmospheric Monitoring ServiCAMSREG

AP version 5.1 _REFRdre used as an input into the damage cost modellifiggsedata make use of
sectoral national totalseported by countries undeihe Convention on Lorgange Transboundary Air
Pollution (CLRTAR but the spatial distribution within a given country is based on a consistent
methodology for the whole of Europeather than being based on the gridded maps reported by
countries.This enhances comparability across Europe, but at the samatisyenot take into account
the most detailed spatial activity data available from any one country.

Therefore,when seeking to usgridded emissions data, the choice of dataset may depend on the
geographic scope of analysis requirad well as other considerations like sectoral resolution required.

Validation of the NUTS 3 level maps created from INRAE 2010 data

In order to validatehe NUTS 3 maps developed using INRAE 2010 livestock distribution data, first the
gridded emissions data were aggregatedNbTS 3 levalsing thezonal statistics tool in QGIEhe
emissionsfrom each NUTS 3 region (for all livestock types and emissions categories combined)
obtained from each methodvere then plotted againstone another and a correlation coefficient
calculated(Figure2.15).

Figure2.15: Comparison of estimated NUTS 3 level emissions using livestock population data from
INRAE 2010 and gridded emissions for 20tal emissions from all livetock
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It is clearfrom Figure2.15 that there isin generala high level of cordation between theestimates
obtained from gridded emissions on the one hand, and ftbenestimatesbased on INRAE 2010 data
on the other.

Thisprovides confidence that

- the livestock spatial distributiomcross NUTS 3 regionscorded in 2010 has not
substantially altered since then; and

- that the assumption thatemissions can be disaggregated direct proportion to
livestockpopulations (i.e. ignoring arfyne-scale variation in emissidactors related
to production systemsfor example)does not severelgffect accuracy.

For NH, the magnitude of emissions in each NUTS 3 regioery similar from the gridded data and

INRA: 2010 data, shown by how the points fall along the dolieel of equality However for CHthe

gridded data appears higher than from the INRAE 2010 estiniEtesreasons for thisiasare unclear,

but may relate to conservative assumptions usedhe EDGAR datasetwhich does not take the

national official data into accounf producing higheemissiondi Ky a{ Qa 26y SaidA Yl (S

2.3 Alternative methodologiesto assess emissions at local level

Experimental approaches are being developedharacterize all the emission sources of amténg

installation measureor estimate thosemissionsand provide fine data for local scale assessméms.
potential for such approachet® assess emissionofn agricultural installations illustratedin Annex
15 through a recently conducted project, MethanEngiseris, 2021)which coupledenvironmental
monitoring withnumericalmodelling

This project aimed to identify and quantify methane emissions frahmee methangation facilities
consideredn their whole The developed methodologyas organized according the following parts

- Monitoring campaign#cluding:

o Onsite measurementsof methane concentration and meteorological conditions
during approximately 3 months. This duration seemed appropriate to cover different
operating conditions of the installation and thus identify the influence of different
sources or emitting operations.

o Quantification of emissions from cogeneration engines
0 Leak detection and quantificatign
- Processing anstatistical analysis of collected data;

- Inverseatmospheric dispersiomodelling toestimatethe emissiors from sources that could
not be quantified (diffuse sources and specific activifiedhis method hd been applied, for
example, in the context of industrial dischargesor the estimation of Nklemissiongn an
agricultural contex{Herrero et al., 2021)
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3 Technical mitigation measureand uptake scenarios
3.1 Overview of European livestock rearing systems

Cattle

Dairy cows

Emission levels, emission patterns and potential mitigation measures vary, depending type of
production @airy cow or beef), the size of the farm and whether it is more or less intensive.

There were 23.4 million dairy cows in the EU in 2015, unevenly distributed across the EU. Germany
recorded the highest number of dairy cows in 2017 with 4.2 million, making8% of the total EU

28 dairy cow population. France ranked second with 3.6 million units (15 %). The Netherlands have
one of the biggest productivity.

The E\@ dairy sector is its second biggest agricultural sector in terms of output value and thasEU w

the biggest produceNegetables and horticultural sector is the biggest A% of milk produced in

Europe in 2016 was cofmilk. Most of the EU cow milk production comes from a limited number of
countries. Indeed, Germany, France, the Netherlands, Poland and Italy together provided about two
GKANRA oOcpdn 720 27F (KSostr)2028). NI g 026aQ YAT1 AYy HnN

The sector isttaracterized by a diverse range of farm and herd sizes across Europe. More t#an 50

of the specialized dairy farms in the EU are large or very large installations. They are mainly found in
the north-western part of Europe. Housing systems for cattle \aamgoss the UNECE region. While
loose housing is most common, dairy cattle are still bred in tied stalls in some countries. In loose
housing systems, all or part of the excreta is collected in the form of slurry. In systems where solid
manure is produced (£h as strawbased systems), it may be removed from the house daily or it may
remain there for up to the whole season, such as in deep litter stables. Housed cattle systems are
generally set on concrete bases (UNECE, 2020).

Furthermore, the scale and laybof naturally ventilated cattle buildings vary considerably across the
EU making it a challenge to provide widely applicable mitigation techniques. There is also a large
diversity in respective regulations and implementations of mitigation techniguesigihout the EU.
Currenty, implementation of mitigation measures is caentrated in a fewcountriessuch asThe
Netherlands, Flanders (Belgium), Denmark and Germany (Amon, et al., 2017).

Beef

In 2016, the EU was the third largest beef production arghdrworld, behind the USA and Brazil; the

EU has produced 11% of the global beef production. The EU produced mainly beef from culled cows

and young bulls with differences between milkkiented countries and countries with specialized herd

for beef prodwction. Cull cows in milk producing herds are the main type of meat from females while

males are either fattened as calves (mainly in Spain, France or the Netherlands) and young bull or
steers (Ireland, the UK). In specialized herds, the main productiireoevs, young bull and heifers
(INRAE,2021) F £ F 2F GKS 9! Qa 0SST 461 & LINE RWOGRanyy (KNE
(179%)and Italy (120 ® ! 62dzi Tn 22 2F GKS 9! Qa @SIt YSI
States: the Netherlands (26%), Spain (2420 YR CNI yOS O6Mpdd 520 AY HAMC
produced in three Member States: France (20.8 %), Germany (17.9 %) and Italy (1Huro%tt(

2020).
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Swine

In 2019, thel43 millionpigs reared across the BT represent the largest livestock category and the

EU pig meat sector alone accounts for nearly half of total EU meat production. They were mainly
producedin Spain (2 %), Germany (21 %), France (9 %), Polé&b) 8 Netherlads (7%) Denmark

(7 %) Eurostat, 2020). In 2015, there were 2.2 million pig farms in the EU. They are highly diverse, with
huge differences in rearing methods and sizes in and between Member States. This ranges from small
farms with only a few animals tadustrial installations with thousands of animals and from extensive
organic farming to conventional intensive production. In general, only 3 % of the pig herd in the EU is
kept in small farms, and this share is even lower in most major producing Mestdness. In Denmark,

for example, almost all pigs are kept on farms with 1 000 or more animals. Overall, over 75 % of EU
pigs are in large commercial holdings. Among the biggest producer countries, Denmark has the largest
commercial holdings with an averagé4 700 heads and Germany the smallest with an average of 1
900 heads per holding. The number of large farms, defined as those requiring an environmental
permit(*®) as per Annex | to Directive 2010/75/EU on Industrial Emissions were there was a ®tal of
443 such large farms in the EU in 2013.

Pig farming is based on a production cycle that can be divided into two parts: farrowing sows for the
production of weaned piglets, and the rearing of those piglets as future breeding animals or as pigs for
slaugher. From a geographical point of view, the major production region extends from Denmark
through northern Germany into the Netherlands and Belgium where pig farming is particularly
concentrated. Other regions with a relatively high density of pigs are fauipbain, France, Poland

and Italy. The EU pig production sector is not as vertically integrated as the poultry, Heethfferent

rearing stages are usually carried out in separate faciljitkoughsome countries as Denmark and
Spain have develogkintegrated production systegl Thismeans that some companies provide the
feed, pigs and production standards, while farmers are contracted to breed and fatten the animals
(AugéreGranier, 2020).

The reference system, used commonly in Europe, is @ $lditted floor with a deep manure pit
underneath and mechanical ventilation (Bittman and others, 2014).

Poultry

Poultry meat

Poultry meat is the second most produced and consumed meat in the European Union.dBioken
production is by far the largest stgector of the poultry meat production, followed by turkey and duck.

According to Eurostat, some 891.4 million broilers were produced on more than two million farms
across the EU in 2013. Among the latter, 19 gthshad at least 5 000 broilers for a total of 840
million broilers. Farms with more than 5 000 broilers represent ofityd all broiler farms but account

for 93.5 % of broilers, while farms with more than 100 000 head account for 38 % of total poultry
numbers. In 2013, the average number of chickens on commdacraswas 43 632.1t is likely that

both very small and very large commercial farms exist in all Member States. Despite variations in the
production structure, poultry farmef all sizesare found throughout the EU Poultry farming system

is one of the most intensive ones in Europe with most of meat chickens reared in closed buildings with
high-stocking densities (around 33 kg/m?2). In such systems, the use efriasing breeds which are
slaughtered at 5 or 6 weeks is preferred. However, alternative chicken production systemsaffigee

and organic) are on the increase in many EU countries. Aro&hth3ess intensive indoor systems, up

to 5% in free range systems and 1 % in organic systém2021, the main poultry meat producers in

(* Such a permit is required for intensive pig units with more than 2 000 places for production pigs (over 30 kg),
or with more than 750 places for sows. The permit covers all aspects of farm management, including feed and
manure, and is granted to farms thateet the criteria for minimizing the risk of pollution to air, land and water.
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terms of tomes of product weight in the EU include Poland %48 France (1%6), Spain (126),
Germany (126) and Italy (186) Eurostat, 2020) (Agriculture and rural development, 2022).

Laying hens

The Europan Union is the worl@ second largest producer of eggs; more than 400 million laying hens
are kept throughout the EU. Nevertheless, the majority is concentrated in a limited number of Member
states France, Germany, Italy, Spain, the Netherlands andniBolehe organizational structure in the
egg sector is very different from the poultry meat sechmd varies greatly between countries. There

is a link between housing systems for hens (either enriched cages aragansystemsfarm size and
level of production chain integration (either seintegrated or with no coordination)lhere are four
main systems for keeping laying hens. In 2021, approximativélyy 88aying hens were kept in a free
range system. It encompasses bafBS,6%), freerange (12,8%) or organic rearing systems (849.
Barns are large enclosures with litter on the floor and freedom of movement for the birds within the
poultry house. Fregange systems are similar to barn systems with access to an outdoo#A5% of
laying hens were kept in enriched c@§gin 2021: Ireland and Austria have the highest shares of laying
hens kept in free range systems (Eurostat, 2022).

Other significant livestock (mainly sheep and goats)

The E\@ sheep and goat populati totalled 71 million head in December 2021 wét million sheep

and 11 million goats. The highest population of sheep is found in Spain which accounted for a quarter
of animals and Greece has thiargestnumber of goats. The population of sheep and tgaaaw a
downward trend between 2010 and 2021, falling by?a@nd 1346 respectively in 2021 compared with
2010.

Sheep and goat rearing takes place mostly on pastureland in remote and disadvantaged rural areas,
often on common land, where it plays a keyerin delivering public goods in terms of landscape and
biodiversity conservation. In 2013, there were about 850 000 farms rearing sheep and 450 000 rearing
goats. The average number of animals per farm varies significantly throughout (EarBktat, 20D).

3.2 Key mitigation measures available

Methodology

This inventory of key mitigatiomeasureso reduce air emissions from livestock is limitedtihose
techniquesapplicable tocattle, pigs angboultry, asthese specieare the main emitter®f NH and, as
regards the first twoof CH in Europe. The list of techmilesand good practicepresented belowocus

on practicalsteps for emission reductionat farm level feed, animal houses, outside stores of
slurry/manure andspreadingof animal effluens. Higher level policy leversgrdining, financialsupport

etc.) are out of scope ohts sectionThe echngues presentedfocus onammonia for all speciedput
methane for cattleonly ascattle contribute the majority of CHemissions

The international expert community within the UNECE Task Force on Reactive Nitrogen has assessed
and selectedelevant measures concerning the emission reduction poteafitlH; and the availability

of measuresThe assessment is based on thECE approach established for the Ammonia Guidance
Document, where each abatement/mitigation measure is assigned one of the three following
categories according to expert judgement:

(%% Cages equipped with perches, nests, scratching areas and nail shorteners, which replaced the conventional
battery cages banned by the EU in 2012.
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- Category 1 techniques and strategies: These areneslarched, consided to be practical or
potentially practical and there are quantitative data on their abatement efficiency at least on
the experimental scale;

- Category 2 technigues and strategies: These are promising, but research on them is at present
inadequate, or iwill always be difficult to generally quantify their abatement efficiency. This
does not mean that they cannot be used as part of a nitrogen abatement strategy, depending
on local circumstances;

- Category 3 techniques and strategies: These have not yet bleewn to be effective or are
likely to be excluded on practical grounds.

A draft of thisdocumentwas releasedn 202Q and it iscurrently the most comprehensive and up to
date source of informatiorfor this section of the reportNote that withinthis guidance document on
Integrated Sustainable Nitrogen Management the impact of all relevant measures on the different
nitrogen compounds is presenteds this inventory is focused on available teciugis only ategory

1 techniquedaving a positive &ct on NHemissiondave been reportedThat means that the impact

on other nitrogen componds is not considered here.

Regardingtechniques to reduce methane emissions, there is no equivalent of UNECE document.
Several documents have been consulted;ezsally the report from theEl PAGRIFocus Grouf’) on
reducing emissions from cattle farming which explored possibilities for mitigating emissions of
methane and ammonia from cattle in a cost effective way.

Crosscutting nutrient management, manure management and manure application
measures

The UNECE Tabkorce on Reactive Nitrog€hFRNhas prepared a guidance document on Integrated
Sustainable Nitrogen Management, which puts ammonia emission reduction in the broader context of
more efficient use of nitrogen in agriculture (TFRN, 2@283essment repdion ammonia 2020)

An integrated policy strategy is needed to avoid that ammonia reduction measures would increase
other nitrogen related problems, and to optimize potential synergies. Potential synergies and trade
offs can also be found beyond the witren cycle. Losses of other nutrients, methane emissions and
carbon sequestration are also linked to changes in the nitrogen cycle. Housi#g,(dtbrage (290),
application (35%) and grazing (%) are the main stages in the manwaieain that cause amnroa
emissions. These stages are not independent of each g#ssessment report on ammonia, 2020)

Feed and herd management measures

Livestock feeding strategies decreasesdhhissions from manure in both housing asirage and
following application todnd. They also have the potential to reduce methane emissions from cattle.
The crude protein content and composition of the animal diet is the main driveitrofyen excretion

in urine andfaeces Adaptation of crude proteinin the diet to the needs of #nanimal is therefore the
first and most efficient measure to mitigate nitrogen emissions throughout the entire manure
management chain (UNECE, 2020).

Pigs and poultry

Nutritional management to reduce ammonia emissions from pigs and poultry is descritieBest
Available Techniques (BAT) Reference DocunBREF for Intensive Rearing of Pigs and Poultry

(*") https://ec.europa.eu/ap/agriculture/en/focusgroups/reducingemissionscattle-farming
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(IRPP. Best Available Techniques (BATS), for both productions, inghidese feedingwith a diet
formulation adapted to the requirements of animatermulating diets based on digestible/available
nutrients; and using lowprotein amino acidsupplemented dietsand feed additives/supplements
which reduce the total nitrogen excreted (UNECE, 2020) (BRERRPP

For poultry, the potential for reducing N excretion through feeding measures is more limited than for
pigs because the conversion efficiency curreatifieved on average is already high and the variability
within a flock of birds is greater (UNECE, 2020).

Dairy cow and beef

By applying appropriate feeding strategies, it is possible to regumenhousegasemissions or lower
ammonia emissions. As daibed for pigs and poultryadaptation of proteins intakefor cattle is an
effective way to reducélHs emissions and overall N loss. In general, increasing the energy/protein
NFGA2 2F GKS RASG o6& dzaAy3d a2f RSNEtinggikssadbahigh NI & 6 I |
energy feeds is a wefiroven strategy for reducing levels of crude proteinf@&ding a diet balanced

in amino acid supplybetter feed Nuse efficiency can be achieved. Mitigation of ammonia emissions
from cattle can therefore be actwed by a better management of the protein and specific amino acids

in the feed according to the age and the type of animals (UNECE, 2020). As ruminants, some specific
feeding measures can influence the level of, Eissions so dietary strategies needcmnsider the
possible tradeoffs in emissions (UNECE, 2020). Specific dietary measures and additives would have
the potential to reduce enteric methane emissions. Tdligestibility of forage can impact the
production of enteric methane. Increasing qualitly digestibility of forages will increase production
efficiency and this will likely result in decreased methane emissions per unit of product. Providing
concentrated feed or starch, more digestible, can positively impact methane emissions per unit of
product especially for dairy cows. Intensive beef production in general already has a high content of
starch in the feed. Supplementation of animal diets with lipids reduces methane emissions. They are
usually added to the feed of lactating dairy cows to iasethe energy concentration of the ration
(EIRAGRI Focus Group, 2017)

Some chemical compounds atN®P (&nitroxypropanol), nitrate or seaweeds for instance, can have

an inhibitory effect on methangenerating rumen micr@rganisms, thereby lowering theverall
methane production per animal (YanBRuiz, et al., 2017). A metmalysis identified strategies to
decrease Ckper unit meat or milk and absolute enteric £#Hhissions while maintaining or increasing
animal productivity. Increasing feeding levi#creasing grass maturity, and decreasing dietary forage
to-concentrate ratia decreased CHper unit meat or milk by on average P3. CH inhibitors,
tanniferousforages, electron sinks, oils and fats, and oilseeds decreased daily methane by on average
21% (Arndt, et al., 2022).

Increasing longevity and productivity are categotgéhniques from UNECE to reduce Blémissions

but can be mentioned because theynceeduce CllemissionsBreeding programmesand changes in

feed composition can improve production efficiendliere is a potential in breeding for lower overall
methane emissions per cow. This will yield lower emissions of ammonia and methane per Kg of mi
or meat but will not necessarily reduce overall emissions on a local or national scale. Emissions of NH
per unit of animal production are reduced by increasing productivity in terms of products (meat and
milk) and will also lead to a reduction of entemethane emissions. However, optimum productivity
levels vary according to breed and region and must also take into consideration the fact that ruminants
can only cope with a certain amount of concentrates and require sufficient roughage in their diet to
stay healthy. Especially for dairy cattle, productivity can be increased though increasing milk
production per year and through increasing tmeimber of milk production cycles per animal.
Optimized diet and housing conditions enable a higher longevitgaify cattle. Improving the
longevity of dairy cattle also decreases the number of young cattle necessary for replacement.
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Extending the productive life of dairy cows reduces relative methane emissions per product unit (EIP
AGRI Focus Group, 2017).

Manure management measures

Measures related to manure storage and processing

For ammonia, urine and faeces contain nitrogen compounds like urea and uric acid which are rapidly
converted to ammonia in solution or ammonium compounds after excretion, so there hyscgl

stock of it ready to be emitted. The rate of ammonia emissions depends therefore on temperature,
surface area, air movement, as well as pH which alters the NEMMH3 equilibrium.

Methane is produced more slowly by anaerobic decomposition oti®solids. The main factors are

the amount of oxygen present and the temperature (though clearly pH is important here too).

A decrease of the surface area of the storage (liquid/solid) and of the potential to emit are the main
principles to mitigate Nk

These principles are generally applicable to slurry storages and manure storage. However, the practical
feasibility of implementing the principles are larger for slurry storages than for manure storages
(Bittman, Dedina, Howard, & Oenema, 2014)

Covemng slurry and manure reduces ammonia emissions. Different types of cover are applicable to
slurry storage; these ardgid, flexible and floating cover® y I G dzZNJ f ONHzA GT Ft2F GAYy
Reduction levels vary by type.

Manure heaps can also be @red by using a sufficient thickness of dispersed coverings or by a flexible
cover. The approach works by protecting manure surfaces froomavement(UNECE, 2020) (BREF
IRPP2017%, reducing the rate odliffusionof ammoniaout of the manureor slurry.

The acidification of slurry during storage leads to a drop in ammonia and methane emissions. In
general, the addition of acid is carried out just before spreading. While feedstock for biogas production
can only contain limitedamounts of acidified slurry, acidification after anaerobic digestion can help to
reduce subsequent NHmissions (UNECE, 2028haerobic digestiorassociated with production of

CH biogas reduces emissions of £fom subsequent storage of the digestatelowever, as
ammonium content and pH in digested slurry are higher than in untreated slurry, marenbjbe

emit so the use of covered stores and lewission manure spreading is required. As part of an
integrated package of measures, anaerobic digestemreduce Nk

Manure application measures

While strawbased solid manure can emit less Nkan slurry after surface spreading on fieldRirry
provides a greater opportunity for reduced emissions application methods (UNECE,sR0R0Os
trailing ho®, trailing she@ and injection Thesetechniques can be applied on both cropland and
grassland.Additionaly, mechanical solid-liquid slurry separation can also beapplied prior to
applicationto further reduce emissiondecause the liquidraction (containing most of the available
ammoniacal N) infiltrates more easily due to its lower-grgtter content than slurry, reducing NH3
emissionsOn the other hand, lthough solid manure does not infiltrate, it mainly consists of organic
N formsso NH emissions occur more slowlyor solid manur@nd slurry rapid incorporation (within

1, 4 or 12 hoursinto the soil through tillagés the primary mitigation masure althoughthis can only
be implemented prior to sowing a crgpe. not on permanengrasslad and or during the growing
season) Acidificationof slurry educes ammonia emissiomkiring field application. Application of
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diluted slurry leads to weaker ammonia emissions because of the faster infiltration into the soil
(Bittman, Dedina, Heard , & Oenema , 2014), (UNECE, 2020).

Measures applicable to organic fertilizers

Integrated nutrient management involves considering all of a farenop needsisingall organic and
inorganic sources of nutrients. Organic sources should baufadcand supplemented with inorganic
inputs. Application of nutrients at the appropriate rate and time limitdobses. Seasonal crops
requirements, characteristics of the saihd nutrient content of organic/inorganic fertilizer arall
aspects to considavhen settingthe rate of application. Providing nitrogen to the soil when needed
for growing crops reduces the risk of nitrogen losses to water and soil.f&plisation (applying
fertiliser in 20r morephasesyeduces the risk of leaching and allows subsequent feeding to be adjusted
according to yield expectations. The suitable time shaoldsiderthe climatic characteristics, as well

as the weather forecast.

Various tods can be used to estimate the quantities of nitrogen provided by the spreading of livestock
manure and crop requirements; they also help to determine the quantities and the suitable moment
to supplement the organic supplies with inorganic supplies.

Catle-specific measures

Cattle-specific housing measures

In animal housing reduction measures mainly address ammoeaiaissionsand they are relatively
limited. This can be attributed to the fact that emissions from naturally ventilated barns which are
typical for cattle housing, are more difficult to assess and control, compared to those from
mechanically ventilated barns. It isvih to note that a few methods also have an effect on methane
emissions (EHRGRI Focus Group, 2017)

Strawbased systems producing solid manure for cattle are unlikely to emit lessnNHe animal
houses than slurspased systems (UNECE, 2020).

Existirg techniques need to be optimized and new abatement techniques have to be developed by
focusing on factors as emitting surface area of slurry/manure sources or their residence time.

Infloor-basedsystems, ammonia emissions can be reduceddparating ume and faece®r limiting

air exchangewith the pit, mainly applied in dairy in medium to large scale farms. Scrapers and robots
can be used for the regulaiteaning of the floorbut the system requires a proper maintenance to
avoid higher ammonia emissig because clogging problems can occur for instanceABIRI Focus
Group, 2017).

Theimmediate segregation of urine anthecesconsists in a physical separationfaécesand urine
in the housing system which reduces hydrolysis of urea so less amma@matied (UNECE, 2020)

Litter based systems

Litter-based systems are more common with beef cattle and typically consist of straw. The use of
bedding material that absorbs urine in cattle housing can reduce edtissions by immobilizing
nitrogen. It isrequired to increase the quantity of bedding material. Using a selection of alternative
organic sources can reduce ammonia emissions through lowering pH higher absorption of ammonium
for instance. The availability of practical options is currently verytdanand performance and
emission reduction efficiency is largely unknown (UNECE, 2020).
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Slurry management techniques at pit level

Slurry acidification mitigates emissions of Miidcause the balance in the slurry is shifted from; MH
NH+. Moreover, the acidification in the livestock house will reduce &Hissions throughout the
manure management chain.

The frequent slurry removal from under the slats in an animal house ¢ovefed) outside store can
substantially reduce NHemissions by reducing the emitting surface and the slurry storage
temperature. It also reduces @ldmissions as manure is stored outside, under cooler conditions
(UNECE, 2020).

Indoor climate contralechniques

In houses with traditional slatted floorbarn climatizationwith slurry cooling, roof insulation and/or
automatically controlled natural ventilation can reduce \hissions due to reduced temperature
and air velocities and can alkelp redue CH emissions

Endof-pipe techniques (air scrubbers)

Implementation of air scrubbers in cattle barns necessitate more forced ventilated building in order to
maximize the ratio treated/untreated air. Alternatively, another approach lies in air eidrafrom

the pit headspace. Air treatment can be obtained by both chemical, biological or mixed scrubber
systems (EHAGRI Focus Group, 2017) (UNECE, 2020).

Measures for grazing livestock

Grazing is an effective measure to reduce ammonia emissions from housing by reducing the amount
of animal excrement in animal houses. Total annual emissions (including housing, storage and
spreading) from dairy systems may decrease by up to 50 per cehtneirly allday grazing, as
compared with animals that are fully confined. Effectiveness of this management tool depends on the
time spent outside and on the cleanliness of the house. Grazing is category 1 if the animals are grazed
all day or if very lite floor area is contaminated with manure each day. Less than 18 grazing hours per
day must be considered as category 2 because of the uncertainty in quantifying emissions. In some
cases grazing can contribute to increased leaching or increased pathodenuément loading of
surface water (Bittman, Dedina, Howard , & Oenema , 2014) (UNECE, 2020).

In some cases, grazing can lead to higher emissions:QEEAGRI Focus Group, 2017).

Ammonia emissions arising from grazing livestock are much smaller than for managed manure (for
example, from housed animals) because of the rapid infiltration of urine into the soil. Where climate
and soil conditions allow, extending the grazing seasohrgsult in a higher proportion of excreta
being returned via dung and urine during grazing, thereby reducingMifsions.

Swinespecific measures

Principles and technics to reduce Mrhissions from pig housing systems have been described in detail
inthe IPPC document on Best Available Techniques (BBHER(IRP2Q17).
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Slurry based building

Thereduction of emitting surfaceand theregular cleaning of floordy mechanical scrapers or robots
have the potential to reduce ammonia emissions. Severdiniques can be applied to limit the surface

of emissions as the frequent and complete vacuassisted drainage of slurry from the floor of the

pit. Other floor designs can be used, including partially slatted floors, use of inclined smoothly finished
surfaces and use of-$haped gutters. Partly slatted floors (~50 per cent area) generally emit less NH
particularly if the slats are smoother than concrete (e.g metal or plastic coated). Emissions from the
non-slatted areas are reduced by inclined, smostirfaces, by locating the feeding and watering
facilities to minimize fouling of these areas, and by good climate control in the building. Moreover, the
regular removal, with vacuum or gravity removal systems or by flushing systems, of slurry from under
the slats in the pig house to an outside store can reducgetissions by reducing the emitting surface
and the slurry storage temperature. It also reduces @Hissions as manure is stored outside, under
cooler conditions.

Changing properties of slurry lagidificationmitigate ammonia emissions by shifting the equilibrium
towards ammonium as described above for cattle.

Increaseof bedding material (pigs with solid manure)

Use of bedding material that absorbs urine in paysing can reduce Nkmissions by immobilizing
nitrogen.

Barn climatization to reduce indoor temperature and air flow

Surface cooling of slurrwith fans using a closed heat exchangers or thanks to circulating groundwater
or other cooling agents in flding heat exchangers or walls of slurry can substantially reduce NH
emissions if temperature is bellowed to at least°@ In slurry systems, this technique can often be
retrofitted into existing buildings. More globally, lowering the indoor temperatamd ventilation rate,
taking into account animal welfare and production considerations, can lower ammonia emissions.

End of pipe techniques (biological and acid scrubbers)

Exhaust air from pig buildings can be treatedalojd and biological scrubbergcid scrubbers use an
acidic solution to bind the ammonia as ammonium sulphate whereas biologieairalvbers operate
with bacteria that remove N&and odours from the exhaust air.

Poultry-specific measures

This section identifies various principles @aadhniques for reducing ammonia emissions from poultry
operations. Some are specific to broilers and others to laying hens.

In general

The IRPP BREF details the main rules and technics to apply in order to regdangssdiéns in livestock
buildings. Manure should be removed from the building frequently. Drying manure quickly will also
reduce the hydrolysis of uric acid into ammonia. This hydrolysis can be modulated by lowering the
temperature and ventilation in theuldings, as long as this is compatible with animal welfare. Easily
washable surfaces are preferable. Finally, air from the house can be treated by a scrubber (biological
scrubber, acid scrubber)
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Laying hens

Ammonia emissions from cage system housinglmaowered by reducing the moisture content of

the manure by ventilating the manure pit. The collection of manure on belts and the subsequent
removal of manure to covered storage outside the building can also reduce NH3 emissions, particularly
if the manue has been dried on the belts through forced ventilation.

Aviary systems with manure belts for frequent collection and removal of manure to closed storages
reduce emissioMNH3 emissionsompared with the deep litter housing system.

Broilers

Moist litter in poultry houses fawg's ammonia emissions so in orderditmit them, it is considered BAT

to keep the litter as dry as possible. To do that, spillage of water from the drinking system has to be
avoided by usingnipple drinkerg instead ofébell drinkerg (UNECE, 2020). Moisture content of the
litter can also beeduced by using the indoor air to keep it dry.

Endof-pipe techniques

Treatment of exhaust air by acid scrubber has been successfully employed to reduce NH3 emissions in
several countries. The main difference from pig systems is that poultry hoysiesalty emit a much

larger amount of dust. To deal with dust loads, multistagesaitubbers with prdiltering of coarse
particles have been developed (UNECE, 2020).

Theimportance of integrated packages of measurés reducing NHemissions

Asmentioned in connection with some mitigation measures in theva=®ections, 6r NH; emissions,
a key consideration is theackage of different measures employed due itberactions among
pollutants and between stages of the manure management chain. Ereseverakey principles that
are outlined below:

1. Nitrogen input control measures influence all N loss pathway#is is a useful heuristic when
assessing potential for doenefits or pollutioaswapping, as reduction in overall N flows are
likely to redice most or all forms of N loss and pollution. Measures that reduce overall N flows
should also ultimately reduce global demand for synthetic fertilisers. If this leads to reduced
levels of fertilizer production, then there is a doublén, as reactive nitigen and GHG
emissions (N20, GHwnd CQ) associated with energntensive fertilizer manufacturing
processes will also be reduced.

2. Manure management on farms consists of several linked stages in sequence, and measures to
reduce emissiogupstream are indective if measures are not also applied downstream. This
message is made clear in UNECE (2020) as well as the UNECE guidance on ammonia mitigation
(Bittman et al., 2014). The practical implication of this is that measures targeting manure
application pratices are particularly important, and the marginal abatement cost of upstream
and downstream measures should be considered as part of a package, rather than
independently.

3. A measure to reducammonia emissionBom manureleaves moreorganicN available in the
farming system, so that more is available to meet crop and animal needs. In orfidtyto

ETGHEReport 202221 52



exploit the benefit of a measure to reduce N loss (and to avoid pollution swapping), the
nitrogen saved by the measure needs to be matched byeeitbduced N inputs, increased
storage, or increased N in harvested outpufsfor example, a livestock farmewitches to
slurry injection to reducelosses of ammonia from slurrgpplication this should be
accompaniedby areduced manure applicationrate to the land. However, given that the
quantity ofmanureavailable to the livestock farmer has not been reduced, an alternative fate
needs to be found for thatanure.Thistherefore impliesthe need fortransport of manure
from locations of high manungroduction to locations of low manure production and high crop
production.

4. There are interactions between measures, which change dustefit calculations If two
measures are applied at the same stage of manure management (e.g. fitting a lid on a manure
store and acidification), then the cost effectiveness of the marginal abatement achieved by the
second measure is reduced considerably. In other cases, the measures may be mutually
exclusive, or be applicable in completely different circumstances.

3.3 Currentand potential additional uptake of measures

Member-state reported information on ptake of mitigation measures

Methodology

Information reported by e 5 Member Sates (MS)with the greatest agriculturdNH; emissions \as
reviewed to understandhe projected future uptake of polies and measurefPaMs)that mitigate
NHs emissions in the livestock sectdie focus was on Nlémissions only, because the information
reported around PaMs relating to emissions is beingtlied in detail by another EEA projéEEA,
202%) so does not need to be duplicated hetaformation sourcesonsultedincludedinformative
inventory reports (lIR) submitted under CLRTAP and NE&Dnal air pollutant control plans
(NAPCPs), anttle database ofeported national PaMsubmitted under the NECandcollated by the
EEA

Spain

With existing measures (WEMHemissions are predicted to remain close to constant in Spain up to
2030 (IIR, 2021) An increase of emissions due to changes in livestock populasagected to
balance out small reductiorechievedwith the currently existing measures. Additional measures have
been proposed that aim to reduce MEmissions by 43.6kt/year compared 2016. This would just
meet reduction commitments.

T YSI adz2NBa | NB nhfindllalgpblsten confrol pragiaky@@BRCP2019 to reduce
NH; emissions under @cenario with additional measures (WAd&denarig. 1 measure relating to
feeding of livestock, 4 in housing and 2 in manure storage.

Phase feeding strategies are planned to be implemented for all livestock species by being incorporated
into future industry standards. Uptake is projected to be 280Fequent removal of manure from
livestock holdings of swine and cattle has been proposed. This would apply to all facilities apart from
facilities where this is deemed not possible. The NAPCP lists small farms and facilities with extensive
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production as exaples. A 30% and 20% reduction in NElis expected on participating facilities by
2030 compared to the reference technique for swine and cattle respectively.

All new cattle, pig and poultry installations are to introduce BAT (best available techniqu&hdno
measures that reduce Nigmissions (apart from those where it is deemed not possible for a facility to
do so). How to achieve this reduction is not mentioned. Existing poultry facilities are expected to
introduce livestock housing measures that redudht emissions by 3@ compared tdhe reference
technique. Housing measures for existing swine and cattle facilities are not mentioned.

All new and existing swine and cattle installations are expected to introduce BAT manure storage
measures (apart fronthose where it is deemed not possible for a facility to do so). Poultry facilities
are not mentioned.

For Spain, greater details of PaMs uptake projection are not mentioned. It can be assumed that a
gradual uptake of the measures mentioned above hasheen modelled. While strong measures are
mentioned for feed, animal housing and manure storage no measures that impact the spreading of
manure are proposed. There is potential for greater emissions reductions in this area and greater
uptake.

Germany

Livestock numbers have slightly reduced since 2015 in Germany, however emissions have remained
similar due to an increase in emissions per animal. In the future, cattle numbers are predicted to
remain similar while swine and poultry are projected to incresigghtly.

Under the current measures, NEmissions in Germany are predicted to reduce by aroutid 2030
compared to 2018 levels (lIR022). With additional measures (WAM) Ndhissions are predicted to
reduce by an additional 1%. Under this scenario the emissions would just meet reduction commits.
The difference between the two scenarios are the additional mitigation measures proposed, some of
which impact livestock.

The new Fertilizing Ordinance (D(2020) has been included the WEMscenario. In this measure,
liquid manure applied to uncultivated arable land by broadcast method must be incorporated within
1 hour.

The WAM scenario includes the following additional meashye2030

9 70 per cent of cattle and pig slurrydigested in biogas plants
1 No use of broadcast application on uncultivated arable land. Liquid manure is incorporated
within an hour. This goes slightly further than the measures introduced by the new Fertilizing
Ordinance (DU\N2020) which is included im& WEMscenario
Leachate is to be incorporated within 1 hour
Uncovered external storage facilities for liquid manure / digestates are at least covered with a
plasticsheet or comparable technology. Facilities with natural covers would be replaced by
this measure
9 Air scrubber systems are present in 75 % of agriculinstéllationsregulated under the IED
(up from8.2% of pig 0.6% of laying hen and 1% of broiler animal places in 202@p % of
the agricultural IEOnstallation€bperationreduce 40 per cent of emissions through further
systemintegrated measures in housing
1 75 % of the agricultural operations smaller than IED operations reduce emissions from housing
by 40%. The remaining 25 % do not reduce emissions

=a =
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1 50 % of slurry storagenderneath slatted floors is replaced by external storage with at least a

plastic film cover

5 % reduction of N excretion by proteaptimized feeding in cattle husbandry

System integrated housing measures such as the introduction of grooved floors, is

implemented by 50 % of cattle housing that has greater than 100 cattle

T Liquid manure is implemented on 50 % of tilled fields and grassland only with injection / slot
techniques or acidification

= =

There is a good range of measures proposed.

When not specifiedin this projection of future emissions under a WAM scenaptake is assumed

to be 100 %e.g. for compliance with regulation), anghtake is assumed to happeas soon a the

policy is implementedHowever, the assumed time that it will take for each measure until it reaches

its effect in practice, iaccounted for

Germany has specified a comparatively large number of PaMs in its WAM scenario. For some of the
measuresuptake has been considered and has not been projected to be 100 %. However, gradual
uptake is not mentioned.

Italy

Cattle numbers have declined slightly since 2015 in Italy and this trend is predicted to cqfittyue
2022) However, swin@umbers are predicted to increase in the future. Mrissions are predicted

to decline slowly under current measures (WEM). With additional measures (WAM), a greater
reduction is expected however, the difference between the two scenarios is not largeugt, under

a WAM scenario Italy would just reach the NECD emission reduction target for 2030.

The NAPCP makes clear that the small difference between the two scenarios is because of PaMs that
focus on reducing the consumption of nitrogen fertiliz€M&PCP, 2021Lurrently, even under a WAM
scenario Nklemissions from livestock does not significantly change from mitigation measures. The
NAPCP identifies the livestock sector as one that needs further intervention in order to reduce
ammonia emissions. Meever, two livestock related PaMs are mentioned in PaMs datalzaban of

the construction of nevslurrylagoons anduse offloating manure covers.

This indicates that much greater uptake of livestock emissions mitigation measures are possible, but
arenot currently planned.

A 2018 study by the Research centre for animal production (CRPA) estimated the potential regional
NH; emissions reductions possible by 2030 if technical livestock measures relating to nunitio)

housdng, storage and spreadiywere applied to 866 of relevant livestock. These measures came from

a variety of sources, such as the NECD, Nitrates Directive and the Nitrates Action Programs. Urea
application followed a businesss-usual scenario and no other NkKeducing PaMs were adelled.

There was found to be a total emissions reduction of 26.th 2030 compared to 2005. This provides

an estimate of the Nkemissions that could be reduced if Italy were to implement technical livestock
measures.

Poland

In the 2022 IR, the peeatage of the livestock population that is covered by different Blbhtement
techniques does not include an update to data since 20l 2022)Due to this, emissions per head
estimates have not changed significantly in recent years. In 2012%4@X.8airy cattle, 5.2%6 of other
cattle and 24.3% of swine were estimated to be covered by liqguid manure management systems.
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Poland makes clear in the IIR thatiews liquid manure managememas being more suitable for
reducing NHlemission, buthere is difficulty in increasing the prevalence of this system in Poland as
there is a high proportion of small farms. In small farms, solid systems are commonly used due to the
lower investment cost.

The prevalence of other livestock ammonia mitigation measigegell covered in the IIR, however

the latest year with data is 2014 ¢ble3.1).

Table3.1: NH; abatement techniques by % divestock population covered in Poland

% of animal population covered in years MH; emission

NH; abatement techniques s T Ty pu'tm:*[%]
Swine partially slated floor 0.0 119 15.6 20
::::;E::ens solid manure fast 0.6 28.0 323 32
\Lr::-tr;ga:::s solid manure 0.0 12.1 14.3 32
Cattle solid manure cover 0.5 23 28 80
Swine solid manure cover 09 12.7 15.3 80
Laying hens solid manure cover 0.0 1.14 1.34 80
Broilers solid manure cover 0.2 0.5 0.7 80
Cattle slurry cover 0.0 43.5 44.8 80
Swine slurry cover 0.0 61.8 67.2 80
Dairy cattle protein feeding 0.0 14.2 17.6 15
Laying hens 3-phase feeding 0.0 233 27.4 20
Broilers 5-phase feeding 0.0 38.5 42.1 20
Fattening pigs 4-phase feeding 0.0 14.7 185 30
Piglets 3-phase feeding 0.0 10.2 14.7 30

In 2014, no measures have a particularly complete uptake. Slurry tmvewrine manureis the only
mitigation measure with over 5&of the livestock population coveretManure removaand cover is

low for swine, cattle and poultry. This has the largddt &missions reducing potential of the measures
mentioned in the table. Additionally, diet control measures also have aplenventagecover. This

table indicates that in 2014 Poland had potential for much greater uptake of measures.

In Poland, livestock numbers have increased slightly since 2015. Projections predict that cattle and pig
numbers will remain constant in the future, bpoultry will increase by 1% between 2020 and 2030.
Manure management system share is predicted to change towards increasing the share of bedding
free systems for dairy cattle (to about %8) and pigs (to about ). This will be caused by the further
concentration of animal production. In the case of meat cattle, this share will remain at a level of about
4 %.

The WAM scenario is expected to contribute a further reduction in emissionslfcbimpared to the
WEMscenario WEMassumes the covering of alloragetanksof liquid manureby 2030 The WAM
scenario includesvo additional PaMs which are relevant to livestock:

1 60% of slurry is applied to soils using lemission spreading techniques
1 incorporating 90% of manure to arable land within T®urs

With the additional measures it is projected that Poland will meet the NECD 2030 target for ammonia
emissions.

Based on the data from 2014 a significant amount of &issions could be reduced by ensuring that

the proportion of the animal populéion covered by the mitigation measures is increased. However,
the PaMs in the WAM scenario do not apply to these measures.
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The details of the uptake of these measuage not specified.

France

NH; emissions due to livestock have declined in recenty@aFrance. This change is mainly due to a
decline in population of dairy cows. Notable reductions have also been caused by uptake of mitigation
measures. In swine, the uptake of typhase feeding and the treatment of manure have reduced NH
emissions.Additionally, the gradual disappearance of deep pit systems in laying hens and the
adjustment of feed to nitrogen needs have contributed to the decline in ammonia emissions.

Under current measures as of 2017 (the 2019 release of the IIR provides theatewsint projection

data for France) a slight drop in Néissions is expected 8B Manure managementhich includes
livestock emissionsrhis can be explained partly by a reduction ir®&Bf dairy cattle feed in winter
from 14.7 % in 2019 to 14%in 2050, but theeductionis mostly accounted for by a small drop in the
population of cattle.There is assumed to be no change to the uptake of air scrubbing for pigs and
poultry, covering of manure stores and spreading methods.

In addition to modellig the effect of current measures on livestock\WeAM scenario was also
modelled. The additional measures include a changing public diet to reduce demand for livestock and
increasing public support for environmental and agricultural issues allows for gneeteey to be

spent on mitigation measures. For France, the WAM scenario does not use planned measures like for
other Member StatesFrance, unlike the other MS assessed here, have provided multiple year uptake
projections of different measures and theiffect on the livestock sector.

Under the WAM scenario, the reduced demand for animal protein has caused a greater reduction in
cattle, swine and poultry population than for tMeEMscenario.

Under the two scenarios, the proportion of manure managenmsyrstem is projected to be different.

For dairy cattle, the manure management system with the highest proportion is pasture. Under the
WEMscenario this proportion decreases and the other systems increase. Under the WAM scenario,
the percentage of pasture amure management systems increases slightly from 88.1 41.5%
between 2020 and 2030 while the other systems decrease slightly. A similar pattern is observed for
other cattle. Dairy cattle in the WAM scenario have feed with lower nitrogen than iWté scenario,
14.5% in 2030 for th&VEMscenario compared to 14%. This leads to lower nitrogen excretion per
cattle in the WAM scenario. Changes in manure spreading techsizpteseen the scenarios cause a
greater reduction in NEemissions in the WAM scenario for both liquid and solid manure.

The additional PaMs in the AW scenario cause a reduction in emissions ofdbetween 2016 and
2030 compared to a reduction of onl\24 in theWEMscenario.

Summary of Membestate repoted information

The uptake ofNH: mitigation measuresassumed in projectiongs not something that has been
consistentlyincludedby the 5Member Sates with the greatest NiHemissiongn their IR All ofthe
MS are projecting to only just reach Nemissions targetsso ifthe uptake of mitigation measures
occursmore slowly or to a lesser extent than assumed in projectiongactice it is possible that the
targets will not be metThere aresome mitigation measuresiescribed in sectiof3.2 that do not
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appear tohave beerincludedin WAM scengdos that could contribute to Ndtmission reductionsfor
example:
1 Acidification of slurryin housing oduring storage (Germany do include acidification prior to
application)
1 Mechanical solidiquid manure separation;
1 Increased grazing tim® reduce the amount of manure deposited in housing
However, it is possible that these measures are included but notdeelimentedin the 1IR.

Assumptions and findings on potential uptake of measures from published scenarios

This section examines thessumptions made bg selection of key scenario modelling studies on
uptake rates of particular technologies

Clean Air Outlook €ZAO2)

The Clean air outlook @odelling Amann et al. 2020was undertaken in GAIN& model potential
NH; emissions from the agriculture sectdrhree of the scenarios are considered here

1 Baseline, considering current legislation as of 2017

f  «NAPCP» which considers the impact of additional NJ LJ2 f € dzi | yG O2y i NP ¢
national air pollution contl plans (NAPCPs); and

T Maximum technically feasible reductipassuming uptake of all technical measures included
in the GAINSnodelto their maximum possible exteffTFR_Max)

Detailed results from thenodel output on uptake rates were made available te troject team, so
average uptake of a range of Nilitigation measures by year, livestock type and scenario could be
extracted. From a range of individual measures including-fomatein feed, low-emission housing,
covered storage (low, medium and highieitncy), lowemission applicatioflow, medium and high
efficiency), and air srubbing the GAINS output provided an estimated uptake rate for each
combination of one or more measures (up to 5 in some cases).

Results from individual countries were figgregated to the EU levby calculatinghe number of
heads of livestock in eadountry and systento which a particular combination of measur@shich

includes «@o control» as one optionwere applied, then summing across countri@viding this
number by the total number of livestock in each system in the EU then gives-aneEhdie uptake
rate of each combination of measures.

The results of this analysis are presented in the tables below. Notertlwater tosummarise total
uptakeof a givenindividual measuréas inTable3.2; Table3.3; Table3.4), the uptake rates of all
combinations including that measuveere summed

In the tablesa colour scale has been applieddells tofacilitate interpretation. Regdyellow and green
indicatelow, medium and high uptake rates respectively.
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Table3.2: Results of the CAO2 modellirggn evolution of uptake(% ofheads)of low-protein
feeding strategieqall combinations including that measurgjcross the Et27

Low-protein feeding
System type Scenario
Baseline
Dairy cowg;, liquid systems NAPCP
TFR_Max 74.8%
Baseline
Dairy cowg; solid systems NAPCP
TFR_Max 45.4%
Baseline
Laying hens NAPCP 36.2% 36.1%
TFR_Max 63.7% 63.9%
Baseline U108% 259% 27.0%  29.6%)
Other poultry NAPCP 31.9% 32.8%
TFR_Max 64.8% 64.7%
Baseline P 129% 369% 368% 36.1%
Pigsc liquid systems NAPCP 47.0% 47.0%
TFR_Max
Baseline
Pigs¢ solid systems NAPCP
TFR_Max

SourceGAINS Europe, own calculations.

Note: Red, yellow and green cell shading indicate low, medium and high uptake rates respectively
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Table3.3: Results of the CAO2 modelling on evolution of uptal of headspf covered storage or
low emission housindall combinations including those measureagross the Et27

Covered storage or lovemission housing*

System type Scenario | 2005| 2020 2030| 2050

Baseline 56.5% 64.5% 64.6% 66.0%
Dairy cowg;, liquid systems NAPCP 65.3% 66.3%

TFR_Max

Baseline 34.5% 50.2% 50.3% 51.0%
Laying hens NAPCP 56.0% 56.3%

TFR_Max

Baseline 48.0% 50.5% 49.6% 48.7%
Other cattleg liquid systems NAPCP 54.2% 54.0%

TFR_Max . 791%  78.4%

Baseline 35.0% 35.8% 37.4%
Other poultry NAPCP 43.3% 43.7%

TFR_Max

Baseline 48.0% 47.8% 47.0%
Pigsc liquid systems NAPCP 52.6% 52.7%

TFR_Max

*In the GAINS modelling, covered storage and-tamission housing were never applied togetheo we have
assumed lowemission housing includes some element ofdemvission storage.

Source: GAINS Europe, owgadculations.

Note: Red, yellow and green cell shading indicate low, medium and high uptake rates respectively
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Table3.4: Results of the CAO2 modelling on evolution of uptal of headspf low-emission
manure application(all combinations including that measuregcross the Et27

Low-emission manure application
System type Scenario 2005| 2020| 2030| 2050
Baseline 37.2% 35.8% 36.6%
Dairy cowg;, liquid systems NAPCP 70.2% 69.9%
TFR_Max
Baseline 34.4% 39.4% 35.6% 36.6%
Dairy cowg; solid systems NAPCP 50.0% 50.6%
TFR_Max 69.4% 70.3%
Baseline 39.5% 40.1% 40.5% 40.6%
Laying hens NAPCP 59.6% 59.4%
TFR_Max
Baseline
Other cattleg liquid systems NAPCP
TFR_Max
Baseline
Other cattleq solid systems NAPCP
TFR_Max
Baseline 35.4% 36.8% 38.4% 40.2%
Other poultry NAPCP 65.5% 66.0%
TFR_Max _ 80.8%  808%)
Baseline 38.1% 58.2% 58.3% 57.3%
Pigsc liquid systems NAPCP 76.6% 76.2%
TFR_Max
Baseline 59.5% 56.1% 51.1% 51.9%
Pigsc solid systems NAPCP 69.3% 69.6%
TFR_Max

Source: GAINS Europe, own calculations.

Note: Red, yellovand green cell shading indicate low, medium and high uptake rates respectively

As discussed iBection3.2, it is alsaelevant to think about uptake of combinations of different

measures, asthg SG 6 6 SYSyid STFFSOG 2F YSIFadaNBa RSLISyRa
the manure management cira Table3.5 below shows the modelled uptake cdmbinations of

measurewhich include botHow-emission housing and/or storage, and low emission application.
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Table3.5: Results of the CAO2 modelling on evolution of uptalké of headspf all combinations of
measuredncludinghousing/storage and applicatioicontrolsacross the Et27

Combination of lowemission housing/storagée and low-emissia application
(and low-protein feed in some cases)

System type | Scenario 2005| 2020 2030| 2050
Baseline 295% 28.1% 29.0%

Dairy cowg; liquid systems NAPCP 44.6%  45.0%
TFR_Max 81.3%  81.4%
Baseline | 225% 27.7% 28.4%  29.3%

Laying hens NAPCP 41.5% 41.7%
TFR_Max 77.1%  76.7%
Baseline

Other cattleg liquid systems NAPCP 35.3% 34.6%
TFR_Max 68.4%  67.3%
Baseline

Other poultry NAPCP 325% 33.4%
TFR_Max 80.6%  80.7%
Baseline i07% 315% 313% 30.4%

Pigsc liquid systems NAPCP 48.1% 47.9%
TFR_Max
Baseline

Pigsg solid systems NAPCP
TFR_Max 46.1%  45.1%

*In the GAINS modelling, covered storage #&mg-emission housing were never applied together, so we have
assumed lowemission housing includes some element ofdemvission storage.

Source: GAINS Europe, own calculations.

Note: Red, yellovand green cell shading indicate low, medium and high uptake rates respectively

It is noteworthy from all of these scenarios that theraimoderate increase in uptake rate for most
technologies in the baseline scenario between 2005 and 2020frbot that point relatively little
change over timeNevertheless, there is a stark difference between the 3 scenarios for all measures
and livestock systems studied. In general the NA®RERario is closer to the baseline than it is to the
maxmum technically fasible scenario, except perhaps for lemission manure application where
NAPCP policies seem to bring uptake rates almost up to the technically feasible level.

JRQCeport 1: «<Modelling environmental and climate ambition in the agricultural sector with
the CAPRI model»

This recentreport from the JRCBarreircHurle et al, 202) models the impact ofambitious
implementationof the common agricultural policyJAPR reform proposals=arm to ForKF2F)and
Biodiversitystrateges (BS)A y Of dzRA y 3 (i KyBantitadvatal grapdsasy(IPiut forward
under theseln addition, it takes into account the Next Generation EU (N&Eding proposals which
may help with investment costs in Green Deal priorities.

Themodelled uptake rags (based on CAPRI optimisatioh)ivestockrelated measures in the
baseline and the maximum ambition scenario (F2F and BDS targets & CAP LP + NGEU) are shown in
Table3.6 below.
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Table3.6: Modelled uptake of mitigation technologieg 2030in the JRC report «Modelling
environmental and climate ambition in the agricultural sector with the CAPRI model»

Technology Adoption ratein 2030(as | Mitigation
% of eligible heads) potential
(wherethis can
be attributed to
Baseline | F2F and BD| methane),
targets &| ktCO2ein 2030
CAP LP relative to
NGEU baseline
Low protein feed 0 0
Feed additives: Linseed 0 10 - 3,428 (for all
kinds of
additive)
Feedadditives: Nitrate 0 3
Cattle genomics: Higher milk yield 0 31
Cattle genomics: Higher ruminal 5 15
efficiency
Anaerobic digestion 2 28 - 7,868
Lowemission housing 12 26
Covered manure storage 14 31
Air scrubbing 0 14

Source: adapted from tablel) and 21 fronBarreiraHurle et al., 2021

In total, the uptake of these measurasexpected to decreasEU27 emissionsn 2030 (relative to the
baseline)as follows

CH4 -16.8% from enteric fermentation,23.4% fom manure management
NH3 -35 %from manure managemerdand application.

However,47 % of nonCO2 GHG emissions are «leaked» to other reg@mshe savings quoted here
are local, not global.

JRC repo2: ECAMPAS

The ECAMPRA report(*®) - «kEconomic assessment of GHG mitigation policy options for EU agriculture»
(Pérez Dominguez et al., 2026xplores potential uptake and mitigation potential of individual
measuresn 2030 Unlike theBarreiraHurle et al (2021) studwbove this study did not model specific
policy scenarios, butook several approaches to explore potential uptake. Firstndtdelled the
maximum possible uptake of individual measurglen implemented in isolation and cost not
considered. Second, it thenmodelled uptake of measures when all measures are considered
simultaneously and taken up in sequence based on their-effsttivenessbased on a marginal
abatement cost curve (MACGh the second approackhe cost of measureper tonne d CQ saved

(*®  https://op.europa.eu/en/publicationdetail/-/publication/cce2a349805211eab94a
0laa75ed71al/languagen.
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increasesvith uptake rate so thata given measuresonly taken up to thextentat whichit becomes
more expensive than theext cheapest measure.

Table 3.7 below shows modelled maximum possible uptake rates of various technologies when
considered in isolation and without consideration of ceffectiveness

Table3.7: Maximum possible uptake ratéEU28)and mitigation potential of selected measuraa
2030 when considered in isolation and without considering cost effectiveness

Technology Adoption rate(% of| GHG Mitigation  potential
heads) (maximum| compared with  reference
possible) 2030 scenario (kt CO2e) 203Q

including production effects.

Low protein feed 54% -1193.2

Feed additives: Linseed 28% -16889.8

Feed additives: Nitrate 42% -8936.8

Cattle genomics: Higher milk yield 100% 1863.7

Cattle genomics: Higher ruminal 100% -4854.3

efficiency

Vaccination 100% -8453

Anaerobic digestion 35% -10464.1

From the modelling afneasures considered simultaneously and taken up in sequence based on their
costeffectivenessunfortunately notabular data oruptake rate or mitigation potentialere

provided in the ECAMP2\final report However,Figure3.1 below shows information graphically

about how consideration of multiple measures simultaneoasigt taking coseffectiveness into

account in a MACC affects mitigation potential (which is closely tied to uptake rate here).
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Figure3.1: Percentage of maximum possible mitigation potential achieved (per measure) in the
ECAMPA3 combined measures scenariagith different carbon prices 2030
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Source ECAMPA final report(Pérez Dominguez al., 2020) figure 18.

This shows thatiptake ofmostof the livestock measurds highly dependent on the carbon prjegth

much higher uptake rates &t M1 n LIS N} sav2dOR &Y LI NS R éddeibliic digestiod |
achieves almost 8% of itsmaximum potential uptaké G € mnn  LIEBD df Begldg)Bherkds

low nitrogen feeding is modelled to be quite expensive and therefore can only achieve aréamd 5

its maximum uptakeSome of the most costffective measuresuch as fallowing hisswmls and
increasing the legume share in rotatiohave less dependency on the carbon priegching similar

f SPSt a 27T 2dipdninte CQ$avedmsat M n n

EU Reference scenario 2020

The EU Reference scenario 2020(EuropeanCommission, 2024 is an economywide «baseline»
scenarianaking use of a variety of models such as PRIMES, CAPRI and GAINS. The fcamsdens
current legislation only. It does not include the potential impact of Green Deal policies in the F2F
strategy, fitfor-55 package or the contents of MS CAP Strategic plans.

The main report and annexes do not provigeantitative information on uptake rates of specific
measuresbut they dolist the measures included in the GAINS modelling underpinninggdtieulture
sector results. Relevant measures taken into account are:

I Farmscale anaerobic digestion

(*%) https://energy.ec.europa.eu/datand-analysis/energynodelling/eureferencescenaria2020_en
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1 Breeding to enhance livestock performance, healénility and longevity, to minimise CH
and NH emissionsntensity per unit ofproduct;

1 Feed additiesor changed feed management to reduce enteric fermentation €hissions

Uptake of farmscale anaerobic digestion is expected to continue to increase to 2030, due to increased
demand for renewable energy sources anticipated by the PRIMES model.

RicardoAEAreport «Effective performance of tools for climate action policy»

The RicardeAEA report «Effective performance of tools for climate action poligyieafdeAEA
2016)%%) sought to analyse potential uptake dBHG mitigation measurethrough an expert
consultation approach. For each MS, experts estimated the potential additional uptekecurrent
levels (which were usually not known), taking into account costs,-fevel constraints, as well as
sociacultural barriersNote that this study was pulshed in 2016, so does not take into account recent
policy initiatives which may make some of these technologies more or less viable.

The results are summarigén Table3.8 below.

Table3.8: Expert judgnent of potential additional uptake (percentage points) over current levels,
asa shareof the total eligible livestock population. Source RicardkEA 2016

Percentage points of additional uptake
Technology out of total eligible livestock (from
unknown current level); range across M

Livestock disease management 40-55%
Use of sexed semen for breeding dairy cattle 5-50%
Breeding for lower methanemissions in ruminants | 0-5%
Feed additives for ruminants [to lower enteric
methane] 10-35%

Low protein diets 30-60%

Summary ofmeasures impublishedscenariosand Member State prictions

Common measuraa Member State projections or published saérs

Of the effective NEland CH mitigation measuregpresented in sectior.2, it is interesting to
summarisewhich of theseare consistently expected to have higllditionaluptake in the future as
these may represent the most promising measutesthis project, comprehensive data sources on
current uptake rates of measures were not found,tee differences over time or betweestenarios
in published modelling studigaust be relied upon to provide informatiam potential for additional
uptake. Results vary considably betweenthe studiesconsidered and so thesummary below is a
qualitative attempt to draw out the most consistently included and higitake measurerom the
studies in questionNote that Member State projections are mainly relevant only for;,Ndd CH
measures for Member States were not included within the scope of this researchlieee).

(®°) https://climate.ec.europa.eu/system/files/201@ 1/cap_mainstreaming_en.pdf
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NH:mitigation measures

- Low proteinlow nitrogen feed is mentioned inall the studies reviewed abovexcept theEU
Reference scenario 202CGA02 (Ammann, 2020) shows low current uptake of the measure,
and RicardeAEA (20163uggests quite high potential for additional uptake-@Dpercentage
points of eligible livestock) according to expgutdgment, andow-nitrogen or phaseeeding
isincluded in the projections for 3 of the 5 Member States considdrmivever,the picture
is mixed aghe scenarios in Pérez Dominguez et al. (2020) and Bateire et al. (2021)
projectvery low uptakeof this measure.

- Lowemissionmanure applicationmeasures show high potential for additional uptake under
the CAO2 scenarios, shown by tagge difference between the baseline and NAPCP smena
High uptake ofhese measures is also expected in prajges of Germany and Poland

- High uptake otovered slurry storageand low-emission housindincluding airscrubber$ are
expected in projections for Germangpain andPoland through compliance with BAT
BarreiroHurleet al., 2021 also shows a considerable impadsden Deal policies on uptake
of these measures in 2030 compared to a basel®®0O2 scenariosn the other handshow
lower expectedadditional uptake of these measures under NAPCPs, due to already high
uptake under the baseline scenarims2020.

CH mitigation measures

Anaerobicdigestionis a measureincluded in all scenarios relating to GHGs, with high uptake
indicated in modelling bipérez Dominguez et al. (2020) and Barréltole et al. (2021)Due to the
income or cost savings provided by generatedt and electricity, this measure is relatively eost
effective over the long term (though investment costs are high) Esgere3.1).
- Genomics and breedinfpr enhanced livestok performance includedas a measure in the
EU Reference scenario 20¢rez Dominguez et al. (2020) and Barréltole et al. (2021).
The uptakeate for the specific example of breeding for higher milk y@ieldicted in Barreire
Hurle et al. (2021from application of Green Deal policies is the highest of any measure

- Feed additivesnitrate and linseedo reduceenteric methaneare also included in th&U
Reference scenario 2020, Pérez Dominguez et al. (2020) and Batoeieoet al. (2021 )but
their expecteduptake isrelatively low compared witlinaerobic digestion, for example.

It is worth noting thae S Y 6 SNJ { i I (ipfadsiar bottENHZMIC $rtigation will be updated

in 2023, with submission afpdated National Energy and i@ite Plans (NECPs) and National Air
Pollution Control Plans (NAPCPsa} well as updated agricultural policies followithg ongoing
approval process for CAP Strategic Plans.

Effectivemitigation measuresiot covered or with low uptake Member Statgrojections or
published scenarios

Themeasures included within CAO&njann et al. 202) ECAMPA (Pérez Dominguez et al., 2020)
and BarreiraHurle et al.(2021) are defined fairly broadly, and thiseem toencompassnost of the
effective measures listed in secti@m2.
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The only measuenot includedin any ofthe scenariosnalysedare:

- Acidification of slurryfor storage or application This measure isurrently only common in
Denmark?!) despiteits high mitigation potential for both NHand ChHL This may relate to
safety concerns related to handling of the strong adidguired on farm. However, it is
noteworthythat A y D S NJY § ephidsiord profettionshe WAM scenari@ssumes thaby
203050 % of slurryspread will either use injectigror acidification as an alternative to
injection.

- Solidliquid separation of slurry.This measuranay have been excluded fromublished
scenarios and the 5 Member Stapeojectionsbecause it is more of a facilitative measure
allowing application of other mitigation measureanéerobic digestion of the solid fraction,
injectionof the liquid fraction into soilsyather than directly resulting in emissions reductions
itself.

- Rapid removal of slurrfrom housing into storagdo reduceCH emissionsis not explicitly
mentioned asa measure in the GHG emissions scenarios. dthikl howeverbe included
underdow-emission housingas included in Barreirblurle et al. (2021).

However, it is worth noting thathe broad measures defined in some of the scenarios and Member
State projetions such as «Low emission housirapuld imply quite different uptake rates and
mitigation efficiency depending on whialf the more specific measures (e.g. air scrubbeegular
cleaning, floor design, climatisation etc.) ameluded within that.

Fnally,it is noteworthy that ECAMPA (Pérez Dominguez et al., 2020) and Bar+eude et al. (2021)
consider linseed and nitrate as feed additives to reduce enteric fermentation emissions, b8t not
NOR whichhas been approved in the Ellid has been shown to be effective.

It would be sensible to includiie uptake and impact of-BIOP in future modelling studies.

Synergies and tradeffs between methane and ammon&missions reductiorfsom
application of measres

Given themulti-RA YSY aA 2yt yIF GdzZNBE 2F F ANROdzZ G§dzNEQa A Y LI (
understand potential synergies or traadéfs between impacts when applying particutaeasures

Below, some of the informationon key synergies andrade-offs between Chland NH emissions
reductionfor measures listed in sectid®2is summarised.

The following measuresan actto reduce bothNH and CHemissions:

I Feeding or genetic pasures to increas@roduction efficiencyper animalg for example
breeding for increaed milk yields of dairy cowgscan reduce emissions of both £&hd NH
per unit of product, through a higher feembnversion efficiency

1 Measuresreducing the burden or livestocklisease, increasing fertility and increasing
longevity, whichraises herdevel production efficiency

T Acidification of slurry

1 Rapidremoval of iquid manure from housing into storage

() https://www.researchgate.net/publication/286002139_Why is_acidification_acsss_only_in_Denmark
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1 Anaerobic digestiorg but the effect onNH emissions depends oappropriatestorage and
application of digestate

There can be tradeffs between reducing NHand CHemissions from the following measures:

1 Anaerobic digestiom NH; emissions can be increased if appropriate storage and application
of digestateis not carried out

1 Increasing or decreasing the proportion of tirmgimalsspend gazingcanhave impacts on
CH and NH emissions,depending on the contextNH; emissions from urine and dung
deposited directly on soil tend to be lower than from housing and storage, as urine infiltrates
quickly into the soilHoweverspendinglong periods grazinmeans that feed rations cannot
be as easily optimised for low enterfermentation Chlemissions, through addition of dji-
digestibility concentrates dnhibitors such as-BIOPfor example

3.4 Scenarios of livestock numbers / production levels

As well aguture uptake of mitigation measures, an equally (if not maneportant driver ofemissions
is production levels.

Both livestock populations and productivity per animal are important factbtg more data are
availablein a consistent formabn projected animal numbetthan on production levels.

MS-reported projections

MS projections of animal numbers for 2025, 2030 and in some cases 2040 were extracted from
projections reported under the NECP) and Governance Regulati@f) in 2021 The projected
percentage changes in population for cattle, pigs and pgudyr MS and at the EU level are
presented inTable3.9 below, based on the with existing measur&8EM scenarioEUlevel changes
were calculatedby summing M$evelprojected populations

*)

https://cdr.eionet.europa.eu/ReporteKEngine/searchdataflow?dataflow uris=http%3A%2F%2Frod.eionet.euro
pa.eu%2Fobligations%2F751&years%3Aint%3Aignore _empty=&partofyear=&reportingdate start%3Adate%3Ai
gnore_empty=&reportingdate end%3Adate%3Aignore empty=&aysdirelease status=released&sort_on=
reportingdate&sort_order=reverse&batch size=

(®) https://reportnet.europa.eu/public/dataflow/113 Table 3 projected activity data

ETGHEReport 202221 69


https://cdr.eionet.europa.eu/ReportekEngine/searchdataflow?dataflow_uris=http%3A%2F%2Frod.eionet.europa.eu%2Fobligations%2F751&years%3Aint%3Aignore_empty=&partofyear=&reportingdate_start%3Adate%3Aignore_empty=&reportingdate_end%3Adate%3Aignore_empty=&country=&release_status=released&sort_on=reportingdate&sort_order=reverse&batch_size=
https://cdr.eionet.europa.eu/ReportekEngine/searchdataflow?dataflow_uris=http%3A%2F%2Frod.eionet.europa.eu%2Fobligations%2F751&years%3Aint%3Aignore_empty=&partofyear=&reportingdate_start%3Adate%3Aignore_empty=&reportingdate_end%3Adate%3Aignore_empty=&country=&release_status=released&sort_on=reportingdate&sort_order=reverse&batch_size=
https://cdr.eionet.europa.eu/ReportekEngine/searchdataflow?dataflow_uris=http%3A%2F%2Frod.eionet.europa.eu%2Fobligations%2F751&years%3Aint%3Aignore_empty=&partofyear=&reportingdate_start%3Adate%3Aignore_empty=&reportingdate_end%3Adate%3Aignore_empty=&country=&release_status=released&sort_on=reportingdate&sort_order=reverse&batch_size=
https://cdr.eionet.europa.eu/ReportekEngine/searchdataflow?dataflow_uris=http%3A%2F%2Frod.eionet.europa.eu%2Fobligations%2F751&years%3Aint%3Aignore_empty=&partofyear=&reportingdate_start%3Adate%3Aignore_empty=&reportingdate_end%3Adate%3Aignore_empty=&country=&release_status=released&sort_on=reportingdate&sort_order=reverse&batch_size=
https://reportnet.europa.eu/public/dataflow/113

Table3.9: Projected (WEM) percentage change in livestock population by Member State from 2020
to 2030 (left) and 2040 (right)

Projected % change in populatic Projected % change in populatic
2020-2030 2020-2040
Non- Non-
Dairy dairy Dairy dairy
cattle cattle Pigs Poultry cattle cattle Pigs Poultry

AT 3% 299  -29% -8% |AT 49 3% 594 -9%
BE -89  -8% -39 16% |BE -129%  -14% 294 219
BG 1299  23% 9% 29 |BG
CY -12%  -3% 299 11% |CY -149% -6%4 0%  12%
Ccz 299 499 13% 3% [CZ 49 8% 7%
DE 3% 1% 0% 3% |DE 3% 1% 0% 3%
DK 4% 299  14% 3% |DK -49% -49% 0%  -3%
EE 3% 109 149 12% |EE 50 1794 149 12%
ES -494  -5% 199 -49% |ES -119%  -10% 0%  -6%
Fl -99q  -13% -5% -594 |FI -17%  -18% -694  -7%
FR 299 -59 -39 0% |FR -49 -99%  -8% 0%
GR 1599 159 159% 159 |GR 309 309% 309 30%
HR -10% 3% 2% -39 |HR -16% 699 199 -79%
HU 0% 399 129 12% [HU -2% 3% 109 21%
IE 139 -11% 799 19% |IE 149 -129% 8% 21%
IT -199 -3% 3% 199 |IT -10% -8% 8% 29
LT 59 494 oW 23% [LT 2194 2 184 459
LU 0%  -9% 0% 3% |LU 0% -9% 0% 6%
LV -7 -394 -12% -194 [LV -119% 594 -16%  -2%
MT -3% 0%  -7% 294 (MT -3% 1% -7% 19
NL -8% 0%  -6% 0% [NL
PL -7% 699 194 16% |PL -10% 8% -2%
PT -16%  -494  20% 199 |PT -16% -494 20% 1%
RO 1294 1399 11% |RO 20% 271%  24%
SE -7T% 15% 7% |SE -9% 36% 699
SI 0% 1% 0% |SI 0% 1% 0%
SK -39 -394 -15% -394 [SK -19% 3% -21%  -6%

EU

(excl.

BG and
EU-27 0% -3% 3% 59 [NL) -19% -59% 204  12%

Note:Livestock projections for 2040 were not available for Bulgaria or the Netherlands, so these é48laded
from the overall EU percentage changes quoted for 22240.
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Table3.9 shows a mixed picture across different livestock types and Member Stadeshe EU as a
whole, numbers oflairy and nordairy cattle areprojectedto fall slightlyby 2030 and 20406ompared
with 2020 whereas numbers of pigs and poultry are projectedise, with a considerable (120)
increase projected for poultry by 2040 compared with 208 eden exemplifiethis generalshift
away from cattle (especially beef) towards highé& numbers

Howeverthe projected changes are not uniform across M&.poultrynumbers Lithuania andPoland
forecast increases of 4 or moreby 2040 compared with 2020, whereas some MS (such as Finland
and Croatia) project decreases in their flocksimilany mixed picturds seen for pig numbers.

Moreover, as mentioned abovetrends in livestock populatioimay not fully reflect trends in
production levels, if for examplenilk and beef yields per cow are expected to incredSeme
assumptions orproduction levels in the EU are presented in the next sectimased on EWide

modelling scenarios.

Overall,the trends seen in théVSlevel livestock projections/ould suggest thatlone,changes in
livestock production levelwill not drive emissions muctions under currenipolicies andassumptions
ondemand.

Assumptions and findings on livestock numbers / production levels from published
scenarios

The tables below (Table 3.10, Table 3.11) and subsequent text describe assumptions made by
published scenarios about the future aution of livestock numbers and/gproduction of animal
products.

The EU agriculturaloutlook 20212031 (European Commission, 2021k a keybenchmark for this.
However, aghe details of inplementation of the Green Deal (including F2F strategy firftr 55
package) are yet to be finalised in MS CAP Strategic plans, these policies are not included. Instead, it
assumes continuation of the 202020 CARmplementation but does include recent fregade
agreements and expert judgement on some aspects sscthe proportion of organic farmin@his

report provides projections on both livestock numbers, and production of animal praducts

Table3.10: Projected evolution of animal numbers in the EU frasaveral Edvide modelling
studies either over time or relative to a baseline scenario

% change over time or compared to

baseline
Study Comparison . Non
Dairy dairy Pigs | Poultry
cattle

cattle

F2F and BDS targets & CAP
BarreiroHurle et al., + NGEU scenario, vs baselin
2021 in 2030 (approximate)

EU reference scenario
2021-2031(European Change 2015 2030
Commission2021a) (approximate) -10 -10 0
Clean Air Outlook 2
(CAO2Amann et al.,

2020 Change 2022030 -8.1 0.8 2.2 8.3
EU agricultural outlook

2021-2031(European

Commission, 2021b) Change 2022031 -6.9 -6.8
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Note: cells are shaded on a green to red scale, represedggeases anihcreases respectivelysrey shading
indicates no data available.

All studieconsidered here project a fall in dairy cattle numbers between 2020 and, 268®side an
increase in milk yield per cow (from EU agricultural outlook 28231; se€lable3.11). However, this
contrasts with theaggregation of M$eported projections, which indicate no change in dairy cattle
numbers However, hedeaease imon-dairy cattle numbers anthcreasa in pig and poultry numbers
(CAO2 onlygeen inthe modeled scenarioslo generally align with the M&ported projections.

Table3.11: Projected change in production of key animal products 282031 from the baseline
scenario in the EU agricultural outlodk021-2031

%Change 20242031

Milk production Beef and veal | Pig meat | Poultry meat Eggs
4.6 -7.8 -7.8 4.0 8.1

The results of the EU agricultural outlook foends in pig meata 7.8% decrease) contrast with the
expected change in pig numbessen inMSreported projections CAO2and EU reference scenario
2021-2031.

The EU reference scenario 20uropean Commission, 202Xaport doesnot provide tabular data
on trends in livestockroduction, butdoes show graphical trends, #lsistratedin Figure3.2 below.

In this scenarig although dairy cow numbers fall by around #between 2015 and 2030, due to
increased millproductionper cow Chlemissions onlyall by 1.6% over the same period.

Non-dairy cattle numbersre expected fall by around P@between 2015 and 203@heep and goat
numbers bya similar amountwhereas o decline in pig humbers is expected (though, €idissions
from pig manure is expected to fall by ¥due to continued uptake of anaerobic digestion).
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Figure3.2: Evolution of EU livestock numbers argsociated norCO2 emissionfom the EU
reference scenario 2020
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ECAMPA3 (Pérez Dominguez et al., 20206pdelled the anticipated changes in agricultural emissions
taking into account changes in production levels and production mix. Overall, aircaon prices
changes in production levels and production mix accounted fe22%of the totalreduction in GHG
emissions in 2030 (relative to baseline scenaigompared with around 1% of the total contributed

by mitigation technologies (the remairg 65 % relates to LUC emissions).

Demandside measures

Despite theconclusion above drawn from curretdS projections of livestock numberpotential
policies and measures which may affect demand for livestock products, and in turn EU livestock
production, do exist and if adopted by MS may cause the assumpiimharlying projected livestock
numbers to be revised in futur®emandside measures are not the focus of this report @here is

not space to discuss these in detail, ladiriefsummaryof optionsand potential impacis given below.

Demandside measuregenerally aim tacausedietary shifttowards products with a loweCH or NH
emissions footprint, or eeductionin food wastewhich in turn reduces theeed for additionaprimary
production.
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Animal products tend to havieigher GHG@Gnd reactivenitrogen (including Nk) footprints than plant
products(Searchinger et al, 2018/esthoeket al., 2015)and of animal productsuminant meat has
especially high GH&nd reactive nitogenemissions due to théow feed conversion efficiency and
enteric fermentation emissions.

MemberState reporting of demandide measures

An ETC/CME repofitom 2021(ETC/CME, 202%5ummarised the prevalence of demasitle policies
and measures currentiynplemented or adopted by EU MS.

The report found thasix MS reported policies and measuretated to dietary shiftThese included
NBfFGAGBSE @ GpomdteichnsimBbeadeNiBl hang®uch asesearch on eating habits

and awareness raising, and laarbon food labellingt K SNBE ¢6SNB y2 GKIFNRE YSI ac
as a carbon tax on na¢ Responses to a questionnaissued as part of the ETC/CME task indicated

that in sane countries there is low political support for dietary shift away from animal products, and

that in some countriescurrent policies even inceivise meat consumptionOther respondents
commented that although a carbon tax on meat may be effectivepitld have to be paired with

carbon border adjustment mechanism to prevemissions leakage through increased imports.

Seven MS reported measures to reduce food wakhmse comprisedducation to changeonsumer

behaviour, legislation tpromote short supply chainslE Y2 @+ f 2 F da ¢ | & (-fréducksi I ( dz&
allowing their use in the human or animal food chaimgesting in home compostingnd broader

strategies to increase collaboration across the food supply cRaimce indicdda LJX | ya - F2NJ | vy
gl aGS¢ FT22R f1 0SSt OSNIATFTAOFGA2Y &AO0OKSYSI gAGK | &a
The EU Farm to Fork Strat€dyproposes measures to incentivise dietary shifhd reduction of food

waste, as well aa plan to introduce mandatorfpod waste reduction targets across the EU.

Assumptions made ey published scenarios

Most forecastingexercises undertaken at the European letegid to rely oneconomic optimisation of
demand for agricultural products using CAPRI and other models, which do not take into account shifts
in consumer preferences or assumptions around food waste redudfieen thdatest EU agricultural
outlook projectiong?) and the JRC report on the impact@AP reforndo not take into accounany
possible new policies and measu@sfood waste or dietary chandgbat may be implemented in MS
finalised CAP Strategic Plans, stemming from the Green Deal or Farm to Forkysthaiegay relate

to difficulty in modelling suchotential changes in demand.

However,other modelling exercisasave been conducted which model the impsot a particular
pre-definedshift in diet and/or reduction in food wasi@eeTable3.12).

(®) https://food.ec.europa.eu/horizontatopics/farm-fork-strategy _en#Strategy
(®) https://agriculture.ec.europa.eu/news/etgriculturatoutlook-2021-31-sustainabilityand-health-concerns
shapeagriculturatmarkets2021-12-09_en
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Table3.12: Results ofnodelling impact of specific dietary shift and food waste reduction on NH
and GHG emissions (selected studies)

Source Diet scenario Assumptions Total reactive | NHsemissions | GHG impact
nitrogen loss (N2O and Chk)

Westhoek | -50% pork and No change in food waste| NA €.-16% (EU) c.-5% (EV)

etal. poultry in the EU calories maintained by

(2015) increase in cereal intake

(Greening scenario)

Westhoek | -50% beef and No change in food waste| c.-26% (EU) | -26% (EU) c.-35% (EV)
etal. dairy calories maintained by
(2015) increase in cereal intake

(Greening scenario)

Westhoek | -50% all meat and | No change in food waste, -42% (EU) -43% (EU) -42 % (EU)
etal. dairy (Greening calories maintained
(2015) scenario)

IDDRI Average sustainabl¢ -6 % total calories (EU) | Increase in NA -30 %overall;
(Poux & European diet in o crop NUE ]
Aubert, 2050 compatible | 17 % protein intake and | o 6394-> -8 % enteric
2018) with agroecology 50% animal protein 92% (Europe) fermentation

-10% food waste
-3 % beef consumption

-60% pork and66%
poultry

Increase in planbased
protein, especially
legumes.

Includes wholesale shift
to organic farming

Eshel et Purely plartbased | Synthetic modelled diets | -71% NA NA
al. (2010) | diet (vegan) for a typical US citizen, | decrease in N
based on typical inputs (USA)

fertilization requirements
of different crops

SourceAdapted from WWHK2021)

Westhoek et al. (2015gstimated that reducing all meat and dairy consumption by 5@ (a
«demitarian» diet) would result in a 48 reduction in Ngand 42% reduction in total GHG emissions
from EU agricultureThe impact of reducing beef and daiconsumption is greater than of reducing
pork and poultry consumption, buteducing the latter may have stronger impacts on locak NH
emissions due to the prevalence of large pesource facilities foswine and poultry.

Poux & Aubert (2018) modellea sustainable diet for a completely «agerological» EU farming
system in 2050which, practically meanglimination of synthetic fertilisers andet food imports to
promote circularity of nutrient flows, and organic farmingiis scenario is of interestivgn theGreen
Deal objective to have at least 2b of EU agricultat land under organic farmirend reducemineral
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fertiliser use by 206by 2030.Such a diet would haviE0 % lower food waste, anBl0 % lower animal
protein consumptio. CH emissions fronenteric fermentationwould reduce bynly8 %,as ruminants
would be a keyart of maintaining circularity of resource use.

Impact of changes in livestock numbers compared to mitigation measures

When considering the future of Nldnd CH emissions from agriculture, matural questionto ask is
how the mitigation potential through application of technical measures companesall with
potential for reducing emissions through reduction in activity levels.

There are different ways of addrgag this question, bufor the purposes of this report the most
relevant way seems to be to try to compare timapact of projected changes ihoth livestock
population or production, against that of uptake ofitigation measures, according to published
senarios.

The data from theClean Air Outlook 2 (CAO2; Amann et al., 2620y available for this project
provides @ opportunity tomakethis comparison in a robust way for MEmissions from livestock.

Table3.13 below shows theorojected percentage chandeetween 2020 and 203 livestock
population, NH emissions andNH; emissions per head (implied emission facfor)the baseline,
NAPCP and maximum technically feasible reduction (TFR_Max) scaangstheEU27.
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Table3.13 Percentage change in livestock population, Neissions and implied Nd&mission
factor between 2020 and 2030 as modelled by the Clean Air Outlody2scenaridor the EU27 as
a whole

% change 2022030
Implied
System type Scenario | Livestock | NHs NHs
population | Emissions | emission
factor

Baseline 0% 1% 1%
Dairy cows liquid systems NAPCP 0% -13% -14%

TFR_Max 0% -33% -33%

Baseline -22% -20% 2%
Dairy cows solid systems NAPCP -22% -22% 0%

TFR_Max -22% -32% -13%

Baseline 5% 4% -1%
Laying hens NAPCP 5% -10% -14%

TFR_Max 5%

Baseline 0% -1% -1%
Other cattle- liquid systems NAPCP 0% -14% -14%

TFR_Max 0% -25% -25%

Baseline 2% 1% 1%
Other cattle- solid systems NAPCP 2% -4% 5%

TFR_Max 2% -7% -9 %

Baseline 10% 9% -1%
Other poultry NAPCP 10% -9 % -17%

TFR_Max 10%

Baseline 4% 4% 0%
Pigs- liquid systems NAPCP 4% -15% -18%

TFR_Max 4%

Baseline -11% -10% 2%
Pigs- solid systems NAPCP -11% -18% -7%

TFR_Max -11% [INNIEA6%] T 30%

Source: GAINS Europe, own calculations.

Note: Red and green cell shading indicates the magnitfdecreases and decreases respectively.

Changes in the implied emission factor per headurmainlydue touptake of mitigation measures.

In the CAO2 results abovéet relative importance of changes in livestock humbers iaitijation
measures clearly vary across the different livestock species and syatehecross scenariognder

the NAPCP and TFR_Max scenadoanges in implied emission facter (impact of mitigation
measuresyominate projected changes in emissionsnfrdairy cow, nordairy cattle and jgy manure
managedn liquid systemsand from poultrymanure.Under the baseline scenarichanges in livestock
numbers dominate emissions trends for most species and systemslaffgicow and pig manure in
solid systemzeven under the NAPCP scendiiestock numbers are expected to have a larger impact
than mitigation measure$o 2030.

Regarding the livestock numbers, the scenarios of ambitious reductions in food waste and/or dietary
shift (Table3.12) may provide a good benchmark for the hypothetical potential impact of reducing
livestock numbers. However, the assumptions on changes in livestock numbers in these scenarios are
much more extreme than those presentedTiable3.9 and Table3.10.
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The maximum technically feasible reductiaesarioin CAO2jives a useful benchmark fbow far

mitigation measuresauld hypotheticallyreduce emissionsandthis shows a rangef reductionsin

implied emission factodER between 9% and62 %, withthe largest potentiateductionsT 2 NJ & 2 G K S NJ
L2 dzf GNBE o00NERATf SNA EndRiged figuid $ysteRtuetSHgh kel dzNJ Sé a o
combinations of housing, storaged application measures with higitbatement efficiency Over
25%reductionin IEF is achievddr all livestock except facattle in solid systemsiowever, it must

be noted that the uptake rates assumed in tim@ximum technically feasible reductiores@rio are

well above those modelled for the NAPCP scen@eeTable3.2 to Table3.5), sothis may not be

realistic.

For methanewithin the scope of this study it wasot possible toundertake such aquantitative
analysis of the relative importance of changes in livestagkbers andnitigation measuress above
for NH;, but some qualitative comparison is possilffer example,JRC modellingBarreirocHurle et
al., 2021) described isection3.3 modelled amodest uptake(up to around 3% of eligibldivestock
heads)of a range of methanenitigation measures by 2030 undan ambitiousinterpretation of EU
GreenDeal policiesresulting in ChHlemissions reductions df6.8 % from enteric fermentation and
23.4% from manure managemernihis was accompanied lay1218 % reduction idivestock numbers
across the different speciesochange inlivestock numbes seens to be a slightlymore important
driver overall ECAMPA (Pérez Dominguez et @&020) found thatthanges in production levels and
production mix accounted for 225 % of the total reduction in GHG emissions in 2030 (relative to
baseline scenario),oenpared with around 126 of the total contributed by mitigation technologies
(the remaining 636 relates to LUC emissions).

It is important tonote however, thatif EU27 production goes down in the absence of a global
reduction in demandgmissions will be leaked elsewher@/hilst EU27 CH emissionreductions
benefit ELJ27 air qualityonly global ClHemissions matter foglobal warming impact.
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4 Methods for derivingdamageper tonne of pollutant valuesfor human
health and environmenal impacts of ammonia and methane emissions
from the livestocksector

Since the early 2000sathage to health and the environmeahd the benefits (avoided damage)
achievable bynitigation strategiedor air pollutionhave been regularly assessedilicy analyses at
the European levdfor exampleExternE2005 NEEDS 20Q&Hurley et al2005,Holland 2013 Amann
et al. 2020. When policy scenarios ar@alysed damage assessments have generally been based
the full model chain, starting with
i) emissiongdata;
i) then calculatingimpacts of changes in emissions on concentration and deposition of
pollutants based on chemistry transport models (full runs, e.g. with EMEP, or reduced
versions thereof as in GAINIS)

iii) then calculating population exposure to the pollutaritdlowed by
iv) a quantificationof healthand environmentalmpacts and then
V) monetizationthrough multiplication ofthe impacts withper unit monetary values per

healthor environmentaimpact €.g. Amann et al. 2020

Full chemistrymodel runs are time antcesource consumingnd it is often impossible to use them for

an assessment of high numbers of individual emission reduction measures or to assess the impact of

I £ FNBS ydzYoSNI 2F Ay Rles@trie drd fesodréatdendivihaltekndtisieds toS Y A & & A z
apply eference costsin the form of damage costger tonne of pollutant While the calculatiorof

such reference costgself requiresfull model runs, their usen the estimaion of damagefrom

individual measures or emission sources avbagng to use full model runs for each analylsistead,

they allowdamageestimatesto be calculatedhrough a simple multiplication of damage costs per

tonne of pollutantby the quantity of emissionef the pollutantunder consideration

Reference costsn the form of damage per tonne of emission valuae regularly calculatetbr a
large set of pollutantsExternE2005 AEAT 2005:EA 2011EEA2014;ETC/ATNI 2020/0De Bruyn et
al. 2018. Their uses argaried including- inter alia- cost-benefit assessments, decision making for
IED derogation dossierswonetizing the cost of sectoral or regional pollution, and setting levels of
environmental taxs.

They are generallycalculated based on an assessment afhanges(a reduction)in pollutant
concentrations and depositioat grid levebver a regiordue to a changéreduction)in emission®f a
given pollutantin a given countryOften, this work relies on EMEP Source Receptor bextf)
(SRMs)These calculations are applied to each precursor pollutant and country considemealct
models are then used to quantifihe (avoided)monetized health and environmental damage
corresponding to thenodelled changem air quality. Division of the avoided damage numbdsrshe
modelled emission reduction gives tlestimate of the damageost per tonne of pollutant emission
(see for example ETC/ATNI 2020/04)

Calculating total damageostbased ona multiplication ofemission data withestimates ofcost per
tonne of the respective pollutanimplicitly assumes linear relationshigpetween emission change
andthe resulting change in concentratiorSMEP SRMs redy al15% change in emissions, to indicate
the consequenes of a change that is large enough to affect model outputs, but sufficiently small that
it does not generate significant ndimearities in the modelling.

Inthe relatedEEAvork (ETC/ATNI 2020/Q4nd the upcoming updat® be published b{EEAN 2023
estimates oflamage cost per tonne are calculated at country les@inbined withsectoral adjustment
factors to allow estimation ofcost per tonne values at sector and country levEhis sectal

(%) https://www.emep.int/mscw/.
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adjustment has so far les calculated at highlevel of sector aggregation (SNAP1 level or GNiEiR
not yetat a subsector leveF’)

In the present report, we aim to provide damage cost directly relevant to the livestmthr, which is

a subsector of total agricultural emissions. We have therefore developed a specific methodology to
infer healthdamage costs for both Ntnd CHrelated to livestock, building upon the methodology
developed in previous ETC estimates of damagsoof air pollution.

The damageostsper tonne valuesdr NH are estimated witha 15 %reduction ofNH; emissionsot

by country butoveralloverthe EU27and an estimate ofthe relatedimpact on the formation of the
secondary pollutant Pikis produed at grid level over EU2For Ch, the damage costare based on

a 50% reduction in globahnthropogenicemissions and an estimate die related impact on the
formation of the secondary pollutants BM¥and Q is producedat grid level over EU27. Only damage
to healthisaccounted forThis is the objective of sectigh3.

Although damage cosper tonne of pollutahhave been developed in the past for NE.g. EEA 2014,
ETC/ATNI 2020/Q4we have no knowledge of damage cof&isCH as an air pollutant anids impact
on humanhealth.

The linearity assumption behind these values may be particularportant for ammonia. Indeed,
theoretically, the atmospheric chemistry of ammonia is #ioear, suggesting that the damage costs
pertonne of ammonia emissions may depend on the percentagehbich emissions are reduced. NH

is involved in the formation of ammonium nitrate particles and ammonium sulphate pattinlerder

for ammonium nitrate to be formed, sulphate particles must be first neutralized by ammonia (because
sulfuric acid is atenger and less volatile acid than nitric acid). Once sulphate particles are neutralized
by ammonia, ammonium nitrate can be formed. This formation is limited by both the amount of
ammonia and nitric acid available. Therefore, if ammonia is in great&ktde atmosphere, reducing
ammonia may not affect PM concentrationSlternatively if not enough ammonia is present in the
atmosphere to neutralize sulphate particles, reducing ammonia emissions will only have a little effect
on PM concentrations (asiphate particles are nowmolatile, they do not need ammonia to be formed
contrary to ammonium nitrate). Other nelmear effects involving ammonia may occur in the
atmosphere via several indirect effects (for example impact of ammonia on particle hygicigcthat

may affect the partitioning of hydrophilic organic aerosols, impact of ammonia on cloud and particle
pH that may affect aqueous phase chemistry).

In order to determine the importance of ndimearity effects and propose a damage cost fpeme of
emitted ammonia, simulations with the air quality model CHIMERE were performed for different NH
emission reductions relative to the European livestockaescenariogsection4.2).

CH is a precursor of ozone but can also have an indirect effect ons8dhcentrations (by affecting

the concentrations of oxidants and the formation of secondary aeros@shulations were also
performed to evaluate the impact over Europe &@f50 % reduction inglobal anthropogenicCH
emissions and determine a global damage cost over Europe oér@ilsiors. Note, that effects of
methane on climate change, which itself can affect health, are not accounted for. Effects on the
environment via the contribution of methane to the formation of tropospheric ozone are not
accounted for either.

This work is precedelly a short summary of numerical tocdwailableto simulate the impact of
emission reduction on pollutant concentrations and depositisection4.1).

(?") Subsector estimates are available for the transport sect(tisropean Commission2019) but we are not
aware of such values fdine livestock sector.

ETGHEReport 202221 80



Impacts on ecosystems are not quantified in this study but the current approach to assesartdem
existing studies attempting to asummarized in sectiod.4.

4.1 Numerical tools to simulate the impact of emissiarthangeson pollutant
concentrations and deposition

Theusualmethod to assess the impact of emission scenarios on pollutant concentraticesoekthe
use of numerical models.

Three types of models are used to calculate atmospheric pollutant concentrations and simulate the
effects of emissioghangeson these cocentrations:

T ChemistryTransport Models (CTMs);

1 SourceReceptor Matrices (SRMs);

1 Surrogate Models.

These models can also be used to quantify the deposition of nutrients, phusubr of other
compounds and assess the impact of emissiamiatiors on depsition levels and critical load
exceedances (sesection 4.4on ecosystems).

ChemistryTransport Models

ChemistryTransport Models are models that aito represent the atmospheric physicochemical
processes influencing the transport and transformatiommfin pollutantsin order to calculatéoth
atmospheric concentrationand deposition.Suchmodels use meteorological fields and emissions as
an input. Two kinds of CTMs are generally distinguished: global smutlegional models. Thetiar

can be usd to simulate concentrations (generally at a higher resolution than global models) over a
region of the globe but have to use the results from a global model as boundary conditions
(concentrations at the limit of the domain).

Several European region@ThMs (CHIMERE, EMEP, EURADPLOTO&UROS, MATCH, MOCAGE,
SILAM, DEHM, GEMQ),MONARCH, MINNI) are usedtire Copernicus Atmospheric Monitoring
Servic CAMS) to perform air quality forecasts over Eurdfegiional modelgsan be usetb determine

the effect of emissions reductisrover Europeon concentrations andlepositionof polutants. By
performing (hypothetical) simulations d NH emission reductios from the livestock sector, it is
therefore possible to determine theimpact on PM concentrations. As Jbla pollutant with a high
lifetime in the atmospherdabout 10 years)and asit can therefore be transportedwer very long
distancessimulation scenarios have to be performed at the global sélen at global scale, in order

to avoid 10 yeatong simulations, rather than simulating the effect of a @0reduction of CH4
emissions, CH4 concentrations at the appmate levels corresponding to this 80 reduction are
prescribed in the global CTM. In order to provide estimates at high spatial resolution which are relevant
to population exposure and not only representative of tropospheric chemislig/results ofsucha
scenario simulated with a global CTM are used as boundary condibinasegional CTM run

We rely here partly on modelling results conducted in the framework of the CAMS Policy Service
(Timmermans et al., forthcoming publicatiohis exercise was performed @AMS CAMS_71 WP
7150) to study the impact over Europe of a decrease o0¥50f Cklanthropogenic emissions at the
global scale.
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Sourcereceptor matrices

Sourcereceptor matricas (SRMs)give the change in various pollutant indicators in each receptor
country resulting from a change in anthropogenic emissions from each emitter country. Such matrices
are generated with a CTM for each country by reducing emissions for each cotiatng or more
precursors by a given percentage. Numerous simulations need therefore to be performed with a CTM.
SRMscomputed with the EMEP model are available on the EMEP wéBsied can be used to
estimate the changes due to a chanigeemissions from each emitter countrfipr PM, NG and Q
concentrations and for oxidized nitrogen andluged nitrogen deposition. However, the EMERMs

are not calculated for the different emissicsectorsbut are provided for aeductionof 15% ofthe
emissions from all sectoogether. EMEP SRs therefore cannot be usedo study a noHinear
responseof concentrations and depositions &missionsor to study specifically the emissions from a
single sector. Moreover, the EMEP matrices are not determined for methane as it would be necessary
to perform simulations over the whole globe with the EMEP CTM.

The EMEBourcereceptor matrices have been esl in the ETC/ATN2020/04 reportto estimate the
damage cost$rom industrial facilities in Europe for several pollutgnéggnongst whichparticulate
matter (PMs, PMy), sulphur dioxide (S ammonia (NgJ, nitrogen oxides (N£ nortmethane
volatile oganic compounds (NMVOCSs).

The surrogate model approach

The main disadvantages of Chemigiignsport models are that they are complex and take time to
run. Therefore, the number of scenarios they can compute is limited. One possible approach to avoid
thisissue is to use a surrogate model (model aiming at reproducing the bemafi€ TMs through a
simplified numerical formulation).

One example of surrogate models is the Air Control Toolbox(fGdeveloped by Inerias part of

the Copernicus Atmosphere Monitoring Service (CAMS) dedicated to policymakers. ACT is a surrogate
model based on a polynomial function and trained on a dozen CTM sensitivity scenarios in which
primary pollutant emissions are reduced. It is desid to be updated on a daily basis, i.e. the fitting

of the parameters of the polynomial functidare-calculated every day based on the scenario CTM
runs. ACT is able to reproduce the Horearity in CTM response to changes in NOx and VOC emissions
that are importantprecursorsfor Gs. In the present study where annual metrics are considered, we
therefore use 365 individual ACT response model calculations to compute anjwmedtidxs. ACT is
made available through a wehterfacd? and is able to prodce daily metrics for defined areas within

the underlying CTM model domain. The model is also designed to capture the daily means of both the
PMy and PMs fractions of particulate pollution and nitrogen dioxide (NIOThe spatial coverage is

the greaterEuropean continent. A full description of the ACT surrogate model design is given in Colette
et al.(2022), where it is demonstrated that it shows relative errors belo% &t 73 of the grid points

and days, below 2 at 95% of the grid points and dayand below 1% for any grid point and day.

ACT is configured to accept parametric emission changes in four activity sectors based loosely on the
SNAP categorizatioiithese are Agriculture (including livestakissionsand emissiongrom use of
fertilizers), Industry ¢ombustion in energy and transformation industries, combustion in
manufacturing industryextraction and distribution of fossil fuels and geothermal energggidential

heating (nonindustrial combustion plants) andbad transport (urban and noearban roads and

(%® https://www.emep.int/mscw/mscw_moddata.html
(®®) https://policy.atmosphere.copernicus.eu/CAMS_ACT.php
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motorways). Currently, ACT does not distinguish the livestock emissions from other agricultural
emissions, but the surrogate modmuldbe modified tatreat the livestock sectaseparately ACT also
doesnot simulate the impact of emissions on the depisitof nutrients but a surrogate model for
depositioncouldbe developed based on the ACT methodoldgyych asurrogatemethodology isalso
constructedfrom the results of a global model to determine the effects of @Hission changes on air
quality based on the HTAP modelling ensem@arnock et al., 2018)

One advantage of the surrogate model approashdesigned in AQ3 the possibility to accourfor

the nontlinear response of concentrations &reductionin emissions.

4.2 Selected method to assess theealth damage costs of Ndand CH livestock
emissions

In this sectionin order tobe able to work on the agricultural livestock ssictor,we usedthe regional

CTM CHIMEREombined withthe Health Impact Assessment tq@llphaRiskPolt ARP, to determine

the damage costs of Nknd CH livestock emissionSCHIMERE was run over antlgin covering the
European continent for the year 2018 at a resolution of 0.2°x0.2° by using the Integrated Forecasting
System (IFS) meteorological data from the European Centre for Medinge Weather Forecasts
(ECMWEF). The determined avoided concentradiwere usedvith the health impact assessment tool
ARPo quantifythe avoided impacts on human health

Description of CHIMERE

The air quality model CHIMERE (Meaual., 2021) is cdeveloped by the CNRS (the French National
Council for Scientific Research) aneérls (French National Institute for Industrial Environment and
Risks). It is a computer programe that gathers a set of equations representing the tramgpand
transformation of chemical species to simulate the temporal evolution of air pollutants over a range
of spatial scales, from the regional scale (several thousand kilometres) to the urban scale (spatial
resolution of a few kilometres).

Using meteoological and emission data, CHIMERE modaisetdimensional concentrations for
various pollutants (such assONQ or PM) with hourly outputs. The model integrates a chemical
mechanism containing more than one hundred chemical reactions. It simulateforttmation and
evolution of airborne particles with diameters ranging from a few nanometres to 10 um. Particles in
CHIMERE consist of primary PM (anthropic or natural) emitted directly into the air and of secondary
PM that is formed by chemical reactions ithe atmosphere (nitrate, ammonium, sulphate and
secondary organic aerosols). The aerosol module of CHIMERE as well as its evaluation against
measurements of inorganic aerosk presented in Couvidat et al. (2018).

Hypothetical NHs scenarios

In order totest the validity of the linearity assumption in damage per tonne of pollutant calculations
for NH;, 5 hypotheticalscenarios were simulated with CHIMEBRE2018

1 Reference (no reduction)

1 15% reduction of livestock ammonia emissions
1 30%reduction of livestock ammonia emissions
1 50% reduction of livestock ammonia emissions
1 100% reduction of livestock ammonia emissions

Emission reductions are applied to all livestock ammonia emissions in the simulation domain. 5
additional scenarios were also performed by combining the 5 scenigied abovewith a reduction
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of 50% ofthe NOx emissions from all sectors. These scesawid give an indication on whether the
determinedreferencecosts will remain valid under conditions where NOx emissions are also reduced.

The emission inventory used for Europe is the CAR¥ESAP version 5.1_REF2.1 for the year 2018
(Granier et al., 209).

CAMSREGAP emissions are based on emissions reported by European countriesAo the
Convention Convention on the Long Range Transboundary Air Pollgt@iRTAP)) and are

developed following the sector aggregation basis of TNO_MA&® TNOMACAIl emission
inventories (Kuenen et al., 2014). From the point of view of the spatial distribution, {R&E@SP is

based on a consistent methodology across the whole European continent, in contrast to the gridded
emissions submitted to thELRTAR.e., the EMEP inventory) where each reporting country applies

its own gridding methodology and proxies. So, at a national scale, the reported aswd@missions

are identical in these two inventories whereas their precise location within each countryiffery

The national NElemissions are given ihable4.1.

(39 https://unece.org/fileadmin/DAM/press/pr2009/09env_p29e.htm
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Table4.1: National livestock NElemissions in the CAMBEG inventory for year 2018 for the

different countries of EU

CH scenarios

Country codg National NH livestock
(ISO alph&) |emissions (kT)
AT 29.1
BE 39.1
BG 22.1
CcY 5.1
Cz 27.4
DE 267.0
DK 35.2
EE 4.5
ES 208.1
Fl 18.3
FR 232.6
GR 21.6
HR 10.2
HU 35.7
IE 55.7
IT 206.1
LT 8.7
LU 2.5
LV 6.5
MT 0.8
NL 55.6
PL 112.2
PT 20.9
RO 65.0
SE 22.0
Sl 7.4
SK 9.5

SeveralCH reduction emissions scenarios were performéd the framework of theCAMSPolicy
Service by the CHIMERE, LOEOROS, and EMEP models. We focus hereGiilEREBimulation
performed by herisover Europe for the year 2016 at a resolution of 0.2°xa@r#fusing the Integrated
Forecasting System (IR8gteorological data from the European Centre for Meditange Weather
Forecasts (ECMWEF).

One of the scenarios consistefla 50% reduction irthe anthropogenic emissions of CHh order to
estimate the corresponding GEoncentration burden, we use the same methodology as in the UNEP
Global Methane AssessmeidNEP, 2021 he present day Gldoncentrations are 1834ppb in the IFS
model for 2015, which is an excess of about 1100ppb abovéngrestrial levels documenteddm
ice-cores samples (722ppb). The long term effect of reducing/b@nthropogenic emissions is
therefore estimate at bringing concentration half way between current andipdestrial levels, i.e.
about 1298ppb, which is therefore equivalent to a®Qaluction of methane concentrations.
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Global simulations were performed by the European Centre for Medtamge Weather Forecasts
(ECMWEF) with the Integrated Forecast System (IFS). This simulation and the reference simulation from
IFS were used as boundarynditions for CHIMERE in order to determine the effect over Europe of
50% reduction irthe global anthropogenic emissions of CH

Health impact assessment

Once the avoided concentrations by a scenario are estimated, the avoided damage costs can be
estimated via theguantification ofavoidedimpacts on human health based on the health impact
assessment (HIA) tool AlpiriskPoll (ARP; developed by EMRC, ardriteed inSchucht et al. (2015)

and Amann et al. (2020

This HIA tool is regularly used in European policy analyses, such as the Clean Air For Europe (CAFE)
programme or the European Commiss®(EC) Clean Air Outlook (e.g. Amann et al, 2017 & 202B). A
uses the methods for benefit assessment that were first developed under the EC funded ExternE
project (External cost of Ener@¥)) during the 1990s. These methods are extensively documented in
several studiegHolland et al., 2005a&Holland et al., 2005(Holland et al., 2005dHolland et al., 2011
andHurley et al., 2006 They have been applied since the end of the 1990s tolmrstfit assessments

of EC and UNECH policies and were thoroughly reviewdBrupnick et al., 2008N/HO, 2013ab).

The version of the model used here implements thettmes recommended by the World Health
Organisation (WHO)/Europe review « Health Risks of Air Pollution in Europe » (HRARER013b

a), which is described iHlolland (2014ab). Recommendations made in HRAPIE and applied in ARP
concern the ConcentratieResponse Functions, linking levels of pollutant exposueedet of specific
health endpoints (mortality and different morbidity impacts). The same concentraieponse
functions are used by the EEA (ETC/ATNI, 2019; ETC/ATNI, 2021) and also in Amann et 8hg020).
are shown infable4.2.

(®Y) https://www.ier.uni-stuttgart.de/en/research/projects/externe/
(%) https://unece.org/environmentpolicy/air.
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Table4.2: Response functions used in the analysis

END POINT IMPACT  POLLUTANT1 RELATIVE RISKS SOURCE FOR RESPON
FUNCTION

Acute Mortality (All Premature 03] 1.0029, 95%CI 1.0014 100043  Katsouyanni et al., 2009

ages) deaths per 10 pg.m3

Respiratory hospital Cases 1.0044, 95%Cl 1.0007 to 1.008:

admissions (>64) per 10 pg.m3

Cardiovascular Cases 1.0089, 95%CI 1.0050 to 1.012

hospital admissions per 10 pg.m3

(>64)

Minor Restricted Days 1.0154, 95%CI 1.0060 to 1.024' Ostro and Rothschild,

Activity Days (MRADs per 10 pg.m3 1989

all ages)

Chronic Mortality (All Life years PMs 1.062, 95%CI 1.040 to 1.083 pe Hoek et al., 2013

ages (*)) YOLL lost 10 pg.m3

Chronic Mortality Premature PM s 1.062, 95%CI 1.040 to 1.083 pe

(30yr +) deaths deaths 10 pg.m3

Infant Mortality (1 Premature PMio 1.04, 95%CI 1.02 to 1.07 per 1( Woodruff et al., 1997

month-1yr) deaths pg.m3

Chronic Bronchitis Cases PMo 1.117, 95%CI 1.040 to 1.189 pe Abbey et al., 1995a, b,

(27yr +) 10 pg.m3 Schindler et al., 2009

Bronchitis in children Added PMo 1.08, 95%CI 0.98 to 1.19 per 1( Hoek et al., 2012

aged 6 to 12 cases pg.m3

Respiratory Hospital Cases PM s 1.019, 95%CI 0.9982 to 1.040z APED study, 2062009

Admissions (All ages) per 10 pg.m3 (***)

Cardiac Hospital Cases PM s 1.0091. 95%CI 1.0017 to 1.016

Admissions All ages) per 10 pg.m3

Restricted Activity Days PMs 1.047, 95%CI 1.042 10053 per  Ostro, 1987

Days (all ages) 10 pg.m3

Asthma symptom Days PMo 1.028, 95%CI 1.006 to 1.051 pe Weinmayr et al., 2010

days (children 519yr) 10 pg.m3

Lost working days Days PMs 1.046, 95%CI 1.039 to 1.053 pe Ostro, 1987

(1564 years) 10 pg.m3

(*) TheYOLL calculation is based on analysis that considered the over 30 years population only but expresset
result as the change in YOLL per ugBnspread across the whole population. (**) Reduced to 1.008 per 10p%/m

from 1.02, 95%CI 1.01 to 1.04 per {i§.m? to account for double counting of impact with the function used for

PM..s mortality. (***) Reference to APED refers to a series of European studies reporting between 2000 and 2!
(Amann et al., 2020): further details are provided in the HRAPIE repHO, 2018).

The health endpoint mortality due to chronic exposfifeto PMs is expressed in two alternative
metrics calculated on an annual basis: premature deaths and years of life lost (YOLL). Premature deaths
are monetised usinghe value of statistical life (VSkyhilst life years lost are monetized using the

value of a lifgyear (VOLYRAccordingly, two levels of overall health costs are quantified: one summing

the estimated damage for the health end pointsTiable4.2 and using for mortality the indicator on

life years lost (lower estimate) and the other one using for mortality the indicator on premature deaths
(higher estimate). The monetary unit values per health endpoint are givEable4.3.

(®) Mortality is also calculated for ozone, but in this case acute mortality is estimated.
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Table43Y =+ fdzSa | R2LIISR F2NJ KSIfGdK AYLI OG @Fftda GdAzy

Effect 'y AlG OmRd (G Main source(s)
Effects included by HRAPIE
Mortality ¢ value of statistical life € o dnajilcbn Based on OECD (2012)
(VSL)
Mortality ¢ value of a life year € Mno Xcc Previous median estimate increased in proportion to t
(VOLY) increase in mean VSL to reflect OECD (2012)
Infant Mortality (per death) epdPdpd YA Basedon OECD (201Bctor 1.5 higher than average fc
adults)
Chronic Bronchitis in adults (pe € CcpZy cbp Maca(2011), Holland (2014b) with concerns over seve
case) of air pollution related bronchitis
Bronchitis in children (per event) € 0o Hunt et al. (2016)
Respiratory Hospital Admission: € pZHMCc Broadly midrange from estimates and similar to D(
(per case) (2018)
Cardiac Hospital Admissions (pe € c ZpHn Broadly midrange from estimates and similar to D(
case) (2018)
Restricted Activity Days (per day) €EMMNO Hunt et al. (2016)
Minor restricted activity days (per EPH Hunt et al. (2016)
day)
Work loss days (per day) €EMT N Amann et al. (2017)
Asthma  symptoms, asthmatic Epp Holland (2014), U.S. EPA (2011)

children (per day)

Data on populationmortality and life expectancy are taken from the UN World Population Prospects
20193%, medium variantFor a given country, the age distribution is assumed to be the same over all
the country.

We calculate mortality impacts using only the central vabfethe confidence interval for the
recommended concentrationesponse function. For the present work we do not estimate the
uncertainties of the calculations with help of the minimum and maximum values of the confidence
interval. This is a difference fexample compared to ETC/ATNI (2019). As a further difference to this
report, we account for total PM, not for a set of counterfactual cutff points.

4.3 Application to the determination of health damage costs

Assessment of the potential bidsom the linearity assumptiorfor NHs

TheMap 4.1 shows the PMsconcentrationsavoidedby a reduction of 186 of livestock Ndemissions

in Europe The concentrationsavoided are between 0 and 2 ug/fn The highest prevented
concerirations are locatedn Italy, Northern France, Belgium, the Netherlands, Germany, Poland, the
Balkans and Turkey

(34 https://population.un.org/wpp/.
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Map 4.1: Reduction inPM s concentrations (in pg/m) from a reduction of 15% oflivestock NH
emissions
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Figured.1 shows the prevented Ppsconcentrations weighted by population over 2@for
different percentage of emission reductionit alsoshows that for reductions between 0 a8 % in
NH livestock emissions, the decrease in 2kbncentrations can be considered as linesvove a
50% reduction, decreasing Nllestock emissions seesto lead to a more efficient impact on BM
concentrations.

The nonlinear effects on the prevented ogentrations can be determined by comparing the avoided
concentrations normalized by threspectivepercentage oemission(15 %, 30%, 50%, or 100%)to

the avoided concentrations for the 26 reductiorstep (without NOx emission reduction). On average
over EU27, we estimatedhat the error is about30 % when assuming that the response is linear.
WhenNOx emissions are also reduced by a factor 2, a slightly lower impact tifzéiock emission
reductiors onNH; concentrationswvas obtainedespecially dr a reduction of 5@%.

The nonlinear effects are under 3% for most countries but can reach 49for a few countriedtaly,
Austria, Belgium, Denmark, France, the Netherlands, Slovéngjre 42.

ThePM sconcentrationsavoidedper percentage poindf reduced NHllivestock emissions over EX7
are presentedin Figure4.2. It shows a great variability iavoidedPM, s concentrations across the
countries. Thecountries showing theargest impact of reducing NHmissions from livestochkre
Belgium the Netherlands Italy and Germangue to the high amount of ammonium nitrates in this
region of Europe (due to high ammonia andJ{ée@issions). Theountries showing the smalleghpact
are Finland and Sweden.
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Figure4.1: Average prevented Plsconcentrations (weighted by population) over ERF resulting
from incremental reductions in Nemissions of 156, 30%, 50% and 1004 The dashed line
corresponds to thdinear fit of the PMbs concentration decreasevhen using only the estimate
based on &al5 %reduction. The red line is a replicate dhe 15%, 30%, 50% and 10® NH
reduction simulations but also reducing 3% NOx emissions
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Figure4.2: Averaged prevented Pbkconcentrations (weighted by population) in pg/éper
percentagepoint of reduced NHemissions
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Estimate of the healttdamagecosts avoidedy a 15% reduction irlNHs emissionsand the
damage costs petonne of NH emitted

Based on these results, the health damage costs avoided by% ré8luction(®) in livestock NH
emissions were calculateay country across theEU27, based on the low estimate (accounting for
mortality in terms of life years lost monetized by VOLY) and the high estimate (accounting for mortality
in terms of premature deaths monetizdryy VSL). The avoided damage chstsountry are shown in

Table4.4. Atthescaleof EH T X (G KS& | NB SAGAYIGSR o8aan®&g 1 wmcn
Table44dY 51 YIF3S O02aGa O6AYy aecv | @dAieSoek NidmsBomeTdt | NI R
a low (including mortality valued by VOLY) and a high (including mortality valued by VSL) estimate
| 2 ARSR KSI f () inR01% | 3

Countries Low estimate (VOLY) High estimate (VSL)

Austria 126 409

Belgium 405 1 306

Bulgaria 113 444

Croatia 45 173

Cyprus 6 14

Czech

Republic 194 623

Denmark 68 215

Estonia 9 30

Finland 20 64

France 746 2 376

Germany 1888 6 869

Greece 53 192

Hungary 144 502

Ireland 22 48

Italy 961 3508

Latvia 16 61

Lithuania 34 125

Luxembourg 7 17

Malta 2 6

Netherlands 415 1240

Poland 939 2842

Portugal 71 250

Romania 245 853

Slovakia 73 209

Slovenia 26 83

Spain 483 1545

Sweden 48 154

Total ELR27 7 160 24 158
G2 AGK (GKAA LISNOSyidl3IS 6S F2tt26 9a9t Q& FLILINBIOK (2 |
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Based on the total amount of Niemitted by the livestock sector (1 528) and the percerdge of
reduction (13%), average cospertonne of livestock ammoniamissiorare estimated to be between
31ke K(low estimate) and 10%e k(high estimate)ln the report ETC/ATNI 2020/04 thenge of the
marginal health damage costs from Nedlculated for a generic source (average over all sectors and
locations)for the larger European area EEA38-gdks fromapproximatelyl7{ € k 671 & @&)iiThis
estimate is calculated as the sum oubie externalities(country specific marginal damage costs
multiplied by country emissiongivided by the sum over the emissions of the countgeacerned
anddiffers thus from the calculation in the present repofiso the chemistryransport modelaused

in the two exercises are not the same, and are likely to be amongst the reasons for the differences in
costs per tonne estimate(’) It should be noted that the uncertainties in these estimations due to the
non-linear chemistry of ammonia in the atmosphere (estimated at around¥@Care quite low
compared to the differences between the two estimates of damage costs (around a factor 3).
Therefore, the determination of these average cystrtonne of livestockammonia can be assumed

to be robust.

Estimate of the healttrdamagecosts avoidedy a50 % reduction inCH emissionsand the
damage costs petonne of CH emitted

TheMap 4.2 shows the concentrations of PiYland SOMO3&avoided through a reduction of 3@ of
global anthropogenic emissions of methane. The prevented concentratioPbb sare generally
under 0.1 pg/m but can exceed 0.2 pgfin a few areas, especially litaly, Belgium and in the
Netherlands. The avoidegdOMO35 ikigherin Southern Europe.

(%% Cf. Table 28 in https://www.eionet.europa.eu/etcs/estni/products/etc-atni-reports/etc-atni-report-04-
2020-costsof-air-pollution-from-europeanindustriatfacilities200820132017/@ @download/file/ETC
ATNI_20284_Taskl222_FINAL_v2_108-2021.pdf

() Indeed,the same order of difference as observed here between the costs per tonne estimatedlseas
observed between the change in concentration due to a 15% change in emisaloulgted in the twanodelling
exercises.
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Map 4.2: Prevented concentrations of PM(top) and prevented SOMO35 (bottom) by a reduction
of global CHemissions of 506
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The corresponding avoided health damage costs by country are sholabied.5. At the scale of

theEUH TS (KS SadAyYlLdSa 2F I @2ARSR RIEYF3IS 0O02ada | NE
in 2018 Health damages from the conrition of CHemissions to the formation of secondary

particulate matter are higher than those from the contribution ofs@hhissions to the formation of

tropospheric ozone.
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Table4d5Y 51 YIF3S O02aGa O6AYy aev | @digREBIKHAekiNSodgFoKa |
low (including mortality valued by VOLY) and a high (including mortality valued by VSL) estimate

Countries 92 ARSR KSI f () inRDIE IS O A Y
Low estimate (VOLY) High estimate (VSL) Os formation
PM, s formation
Austria 54 174 29
Belgium 224 715 28
Bulgaria 6 24 37
Croatia 16 59 15
Cyprus -3 -7 5
Czech Republic 37 117 33
Denmark 22 68 19
Estonia 1 3 4
Finland 3 9 15
France 364 1133 210
Germany 832 2978 248
Greece 3 10 50
Hungary 42 143 30
Ireland 14 29 15
Italy 606 2152 251
Latvia 1 5 6
Lithuania 4 14 9
Luxembourg 5 12 2
Malta 0 -1 2
Netherlands 399 1159 40
Poland 88 258 103
Portugal 28 95 45
Romania 57 191 73
Slovakia 23 63 16
Slovenia 18 57 7
Spain 212 657 207
Sweden 11 35 31
Total EW27 3 066 10 154 1530

Based on the total amount of global anthropogenic; €@rissions used by IF866 078kT) and the
percent of reduction (50%6), the average cost panne of CH is estimated to be betweef.055ke
(low estimate) and.141 ke k(high estimate).

4.4 Assessment of impacts on ecosystems

Impacts on ecosystems can be estimated by evaluating critical load exceedance, which isnéetermi
by comparing the atmospheric deposits to the critical I38dAs CTMs simulate the deposition of
sulphur, reduced nitrogen and oxidized nitrogdieobald et al., 2019he methods described in

section4.2can be used to estimate depositions and therefore to study acidification or eutrophication.

(%) Critical loads represent an estimate of an exposure to one or more pollutants below which sigtificafil
effects on specifiedensitive elements of the environment do not occur according to present knowledge.
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The critical load database from the Working Group on Effects (Hettelingh et al. 2017, Geupel, et al.
2022, Bobbinlet al., 2022) can be used to determine exceedances. This is not done here.

Critical loads exceedances for ecosystems are regularly calculated (but not monetised) by IIASA in the
framework of the Clean Air outlook (Amann et al., 20RDmont et al., 2022see also COM(2021) 3

final(*9)), in the framework of the CLRTAP GothenbRrgtocol assessments by the Coordination

Center for Effects (CCE) and the Center for Integrated Assessment Modelling (CIAM) (cf. the report

G{ OASYUGATAO AYTF2NNI GAZ2Y T2 NI, Kb rdgBadyisbnimarddd ini KS D
the EEAAirqiai G &8 NBLRZNIA& 0aLISOATFTAO OKIFLIISNI 2y SO02aeais
9dzNB LIS (Y)Y HAHHE

Although uncertainty in quantifying ecosystems and biodiversity impacts is still higte ETC/ATNI

report 2020/04 an attempt was made to calculate monethiydiversity effects from exceedances of
critical loads for eutrophication in Natura 2000 areas, following the approach of the ECLAIRE study
(Holland et al., 2015 a & b). For monetisat the study uses a willingness-pay estimate from a study
FaasSaaAay3a NBalLkRyaS (G2 GKS !'YQa 0A2RAQOSNEAGE | OGA
restored. This explains the limitation to Natura 2000 sites in the ETC/ATNI damagsszstment.

The limitation to eutrophication is due to exceedances of critical loads for acidification currently being
much less important than for eutrophication.

Impacts accounted for are exceedances of critical loads for eutrophication in Naturag@G0from

total deposition of nitrogen (dry and wet, oxidised and reduced nitrogen). They were calculated based
on EPEP SRMs representing changes in the deposition of oxidised, reduced and total nitrogen for the
precursors NQand NH. The calculations ofritical loads exceedances were carried out by the
Coordination Centre for Effects (CCE) under the LRTAP Convention, hosted by the Umweltbundesamt
(UBA) in Germany, who develops and maintains the critical loads database. The work resulted,
amongst othersin an estimate of damage costs per tonne ofs:khission by country. For details of

the calculationsresults and limitations see the repdlf C/ATNI 2020/04.

(%) https://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:52021 DGR =EN

(%9 https://unece.org/sites/default/files/202210/ECE_EB.AIR_2022215181E.pdf

(*Y) https://www.eea.europa.eu/publications/aiguality-in-europe2022/impactsof-air-pollution-on-
ecosystems
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Conclusio

The agricultural sector is the first emitter of ammonia and methariguirope. While N§ls a precursor

of PMs particles and can cause negative effects on ecosystems by its depositiocor@tibutes to

the formation of PMsand ozone and is a greenhouse dgasth, PMsand Q are relevant for health
impacts.Emissions tNH; and CHhave showronly slow decreasgover the past two decades and in

the context of the EU Green Deal and related environmental policies, additional efforts will be needed
to reduce these emissions.

This study was focused on livestdekming, which is the most contributing source of Nithd Chl
within the agricultural sector. Ntdnd Chlemissions from livestock farming were investigated through
three topics.

Identification of the main emitters ofNH; and CHin the livestock sectoat regional level

The first topic of study was to characterize the current spatial patterns eaNtHCHemissions across
Europe according to the size of the farms and the type of livestock. Using emission factors from
EMEP/EEA and IPCC guidebddksrl method) and livestock numbers from Eurostatvailablefor
NUTSZegions emissions were estimated AlUTR level (regional level) for 201%he application of

the highesttier methodologies recommended in the guidebopkshich would have required the
collection and processing of detailed statistics on agricultural practices by cowasynotfeasible

within this study.

Numerous data could be downloaded frahre Eurostat websitehoweverthey were not available at
the finest sectorallevel, i.e.by sizeclassof holding in LSUand by subcategory of animalsDfferent
datasets hadhusto be combined and assumptions to be made to assess the emidsiaaegonat
NUTS2 level. The resulting values weomsequently adjusted according to the reported national
emissions, considered as baseline data.

The results of those calculations show that manure management accounts for the majority of livestock
emissions of NE(41.5%) followed by manurapplied to soils (24.%6). Depending on the country,

both subsectors together account for 3% to 86% of the total livestock emissions of the country.

In addition, the distribution of NHemissiondytype of animal indicates that cattle is the main ¢tei

with a contribution of 51.3 % in the E27, followed by swine (27.5 %), poultry (15.2 %), sheep (4 %)
and equidae (2 %).

Regarding the distribution dfiH emissions according to the size of the holdings, the farms of more
than 100 LSUs (4% of thefarms) emit 663 % of the estimated emissions in the 2W.

As regards ClHenteric emissions and manure management emissions together account fo¥b@i4
the total of methane emissions in the EA4. Results vary by country, ranging from923o 93% of
the total livestock emissions of threspectivecountry.

Again, cattle is the main emitter with a contribution of 79 % in the2Z{Jfollowed by swine (10.4 %),
sheep (7 %), equidae (2.6 %) and poultry (1 %).

Regarding the distribution dZH emissionduy holdingssize the farms of more than 100 LS(4s7 %
of the farms)emit 56.8 % of the estimated emissions in the ZEU

Complementary to those results, a set of maps was produced to represent the spstiigdution of
total emissions and emission density and highlight the contribution of large farms.

ETGHEReport 202221 96



In a second stage different sources of information were explored to reach finer spatial granularity and
derive NUTS 3 level NEind CHemissions estimates for 2019.

NH; and CH emissions obtained at NUTS2 level were disaggregated at the European scale, using a
dataset constructed by INRAE of livestock information by NUTS 3 regions in 2010. Even though this
dataset is rather old, it wasonsidered that the broad spatial distribution of the main livestock types
might not have changed drastically between 2010 and 2019. The result of this disaggregation enabled
the identification of regionsn EU27 where livestock emissions were more contated: Ireland,
Brittany (France)Belgium, the Netherlandsome parts of Germany and Poland, Lithuania Fwe

Valley and\aples region (ltalyphorthern Spain.

Another source of information consisted of national data made available by countries. Considering the
answers to a questionnaire sent to Member States, Croatia was taken as a case study in view of the
spatial basis, year and livestock classification whiete compatible with the NUTS 2 level results.

This case study demonstrated the potential for using national data to disaggregate NUTS2 emissions
and highlightedemission variability across NUTS3 regidngas also used to check the accuracy of

the emision data disaggregated with the INRAE dataset. Although this verification could only be
performed for one country, it gave confidence in the consistency of thevieel NUTS3 distribution of
emissions obtained with INRAE data. If other national data peitwitould beinterestingto perform
additional checks for some other types of countries (with regard to the country size, types of rearing
systemsetc.).

More partial and variable is the information provided by thBETR. A major point is that the daia

not cover cattle emissions which for now do not fall in the scope of RRER regulation. The coverage

of EPRTR emissions was then assessed in terms of the fraction of total emissions from all pigs and
poultry that are accounted for in the BERTRnlgeneral this proportion is low, especially for @khich

has a higher reporting threshold than dNAlso noticeable is the variation in the fraction of emissions
covered by the FPRTR across Member States. Whereas some of them do not report any emission
(e.g. Ireland and Lithuania), for some others such as BulgaR&TR reporting accounts for the
majority (and in some NUTS 2 regions almostZ)@f pig and poultry emissions.

The possibility of usingPRTR emission data to support very faoale enissions mapping and impact
assessment is thefore largely dependent on the location.

Finally, gridded emission datasets were reviewed: EMEP(8@i®) for Nk which make use of MS
reported gridded emissions and EDGAR modelled emissior(2i2t8) for Ckd They are not available

by livestock category but were used as an additional means of checking the results obtained from
applying the INRAE 2010 livestock distribution data at thedzle. Good correlation was obtained (all
types of livestok together), which tends to confirm the consistency of those results. Fey tNéi
magnitude of emissions in each NUTS 3 region is very simiteg gridded data and INRAE 2010 data;

for CH the gridded data appears higher than from the INRAE 2010 at#gnThe reasons for this are
unclear but may relate to conservative assumptions used in the EDGAR modelled dataset, producing
KAIKSNI Syraarzya (GKFy a{Qa 2¢y SadAaAylLiSao

These various analyses show that despite the limitations in the input data andshenpgtions made,

the methodology developed, from the calculation of emissions at NUTS2 level to their breakdown at
NUTS3 level, providea consistent estimate of the spatial distribution of livestock emissions over
Europe. Further validation and streihgning of the methodology anthe related processing chain
could take place in a future study.

Inthe future, experimental approaches such as the one presented in the report, based on monitoring
and inverse dispersion modelling, may constitute a supplentgrgaurce of information at the level
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of an installation. In addition to being an input to local scale assessments, the resulting data could
serve as local comparison points in specifically selected areas with fine resolution estimated emissions.

Technical mitigation measures and uptake scenarios

Asa second topic of study, technical measures to reduce air emissions from livestock and their uptake
by Member States were reviewed.

Opportunities to reduce ammonia emissions from livestaperations, from building to land
application, are well identified andn part, already implemented. However, there are limits to
applicability depending on the type of building and the techniques cannot necessarily be applied in
existing buildings. Thufr this and other emission items, significant investments are required to make
them widespread. In addition, ammonia emission reductions must be integrated into a nitrogen
management system to avoid deleterious creffects. A measure to reduce ammomiaissions from
manure leaves more organic N available in the farming system, so that more is available to meet crop
and animal needs. In order to fully exploit the benefit of a measure to reduce N loss, the nitrogen saved
by the measure needs to be matchby either reduced N inputs, increased storage, or increased N in
harvested outputs. Manure management on farms consists of several linked stages in sequence, and
measures to reduce emission factors upstream are ineffective if measures are not also applied
downstream.

The possibilities toeduce Chlemissions from cattle farms, the main emitters, are mainly related to
feed adaptation and the use of feed additives. To a lesser extent, improving productivity and genetic
improvement of animals can contribut® & reduction in CHemissions but these solutions are not
necessarily easy to deploy. In addition, anaerobic digestion appears to be a solution for managing
effluents to reduce methane emissions.

It could be interesting to get more information on the efficiency of thested#fit techniques.

As well as future uptake of mitigation measures, projection levels makeqgamally if not more
important driver of emission$rojections of animal numbers reported by Member States indicate that
for the EU as a whole, numbers of daryd nondairy cattle are projected to fall slightly by 2030 and
2040 compared with 2020, whereas numbers of pigs and poultry are projected to rise, with a
considerable (1246) increase projected for poultry by 2040 compared with 202@dings from
publisted scenarios are overall in agreement with these trends except for pig production for which
projections are morenixed According to data from th€lean Air Outlook 2the relative importance

of mitigation measures and changes in production levelsdisvar of NH emissions varies across the
livestock species and systems and considered scenarios récemt publicationsa change in livestock
numbers might be a slightly more important driver of ¢ldmissions overalthan the uptake of
mitigation measeues.

Methods for deriving damage values for human health and environmental impactslgf and CH
emissions from the livestock sector

The lastopic investigated in this tasttealt with existing methodologies to assess damage to human
health and theenvironment due to Nkland CHemissions and the benefits achievable (avoitiedlth
costs) by mitigation strategies for air pollutitnom the livestock sector

Building on previous ETC work on the external costs of industrial emissions, a methodokigtirgp

of chemistrytransport modelling (CHIMERE model) and health impact assessment RikkRoll
tool) was applied to estimate the Piconcentrations and related health damage costs avoided by a
15% reductiorin livestock NHemissionsThe underlying linearity assumption was previously verified
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by reducing NEemissions from 0 to 10%. The same methodology was applied to estimate thePM
and Q concentrations and related health damage costs avoided by% B&duction of CHemissiors.

PMsconcentrations avoided by a 26 reductiorin ammonia emissions range between 0 and 2 pig/m
across EuropeGenerally,below 0.5 pg/m in the EU27 countries,the benefit of NH reduction is
highestin Italy, Northern France, Belgiunthe NetherlandsGemany, Poland, the Balkans and Turkey
Avoided costs are the largest for Germany, Italy, Poland, France, Spain and Bélguestimated
health benefits per avoidedtonne of emission of ammonia range betweeni3k #ow estimate) and
M p t (highestimate).

The PM:s concentrations avoided by a 3@ reductionin methane emissions are generally under 0.1
ng/m?but can exceed 0.2 pg/fin a few areas, especiallylialy, Belgium anth the Netherlands. The
avoided SOMO35 (hehlindicator for ozone)s higher irsouthern Europe.

Avoided costs are the highest for Germany, Italy, France, the Netherlands, Spain and BEbgium.
health benefits per avoidedtonne of emissionof methaneranged S 6 S Sy ti{ldwieptimate) € k
I YR n dtighigvestimate).

The quantification ofmpacts onecosystems and biodiversity anfithe related damage costsasnot
included in this applicatiaiHowever this questionstarted to bestudiedin a previous ET@ojectand
although uncertainties are still large,couldrepresenta subject for investigation iafollow-up of this
work.

The three topics addressed in this exploratetydy, namely the spatial characterization of emissions,

mitigation measures, and the assessment of emission reduction scenarios were studied in parallel. A
future development could involve building a closer connection between these parts.

ETGHEReport 202221 99



List ofabbreviations

Abbreviation Name Definition Reference
ACT Air Control Toolbox
BAT Best Available
Technique
BREF Best Available
Techniques Reference
Document
CAMS Copernicus
Atmospheric
Monitoring Service
CAO Clean Air Outlook
CAP Common Agricultural
Policy
CH Methane
CLRTAP Convention on Long
range Transboundary
Air Pollution
CT™M ChemistryTransport
Model
EEA European Environment Www.eea.europa.eu
Agency
EIRAGRI Agricultural European https://ec.europa.eu/eip/agricul
Innovation Partnership ture/en/about
EMEP European Monitoing
and Evaluation https://www.emep.int
Programme
F2F Farmto Fork strategy https://food.ec.europa.eu/horiz

ontal-topics/farmfork-
strategy _en

HIA Health Impact
Assessment
HRAPIE Health Risks of Air
Pollution in Europe
IED Industrial Emissions
Directive
IEF Implied emission factor
IFS
IIR Informative Inventory  The descriptive report
report accompanying

submissions of ai
pollution inventories
under the Conventior
on LongRange
Transboundary Alil
Pollution, and the
NECD.
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Abbreviation Name Definition Reference
IPCC Intergovernmental https://www.ipcc.ch/
Panel on Climate
Change
IRPP Intensive Rearing of
Poultry or Pigs
JRC Joint Research Centre ( https://joint -research
the European centre.ec.europa.eu
Commission
LSU Livestock Unit The livestock unit is a
reference unit which
facilitates the
aggregation of
livestock from various
species and age as pe
convention, via the
use of specific
coefficients
established initially on
the basis of the
nutritional or feed
requirement of each
type of animal
(source: Eurostat)
MACC Marginal abatement
cost curve
MS Member State
N Nitrogen
NAPCP NAPCP
NECD National Emissions
reduction
Commitments Directive
NMVOC Nonmethane volatile
organic compound
(G)NFR NFRNomenclature for Coding system use
reporting for  reporting  air
GNFR: Nomenclature pollutant  emissions
for reporting gridded under the Conventior
emissions on LongRange
Transboundary Alil
Pollution, and the
NECD.
NHs Ammonia
NO Nitrogen oxides
NUTS Nomenclature of NUTS is a hierarchic

territorial units for
statistics

system for dividing ug
the economic territory
of the EU and the Ul
for the purpose of:
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Abbreviation

Name

Definition

Reference

1 The collection,
development and
harmonisation of
European regiona
statistics

I Socieeconomic
analyses of the
regions

1 Framing of EL
regional policies

NUTS1, NUTS: NUTS 1: major SoGic
NUTS3 economic regions
NUTS 2: basic regior
for the application of
regional policies
NUTS 3: small regior
for specific diagnoses
PaMs Policies ananeasures
PM:s Particulate matter with
diameter less than 2.5
pHm
SQ Sulfur dioxide
SRM SourceReceptor Matrix
TFR Technically feasible
reduction
TFRN UNECE Task Force on
Reactive Nitrogen
UNECE Economic Commission
for Europe of the
United Nations
VOLY Value of a life year
VSL Value of statistical life
WAM With additional
measures
WEM With existing measures
YOLL Years of life lost
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Annex 1 Subcategories of animals available in Eurostat dataset

TableAl.1 Sub-categories of animals available in Eurostat dataset

Code Label table

A5000 Live poultry ef_Isk_poultry
'8‘5000)(510 Live poultry excluding chicken (species) ef_Isk_pouItry
A51100 Laying hens ef Isk_poultry
A5140 Broilers ef_Isk_poultry
A5210 Ducks ef Isk_poultry
A5220 Geese ef_Isk_poultry
A5230 Turkeys ef Isk_poultry
A5300 Other poultry ef_Isk_poultry
A6521 Ostrich ef Isk_poultry
A3000 Live swine ef_Isk_pig
A3110 Piglets, live weight of under 20 kg ef_Isk_pig
A3120 Breeding sows, live weight 50 kg or over ef_Isk_pig
A3130 Other pigs ef Isk_pig
A4100 Live sheep ef_Isk_sheep
A4110 Ewes and ewe-lambs, breeding females ef_Isk_sheep
A4120 Other sheep ef Isk_sheep
A2000 Live bovine animals ef_Isk_bovine
A2010 Bovine animals, less than 1 year old ef_Isk_bovine
A2020 Bovine animals, 1 to less than 2 years old ef Isk_bovine
A2120 Male bovine animals, 1 to less than 2 years old ef Isk_bovine
A2130 Male bovine animals, 2 years old or over ef Isk_bovine
6\2230—233 Female bovine animals, 2 years old or over ef Isk_bovine
A2220 Heifers, 1 to less than 2 years old ef_Isk_bovine
A2230 Heifers, 2 years old or over ef_Isk_bovine
A2300 Cows ef Isk_bovine
A2300F Dairy cows ef_Isk_bovine
A2300G Non dairy cows ef_Isk_bovine
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Annex 2

Countries where livestock data were available

TableA2.1: Countries where livestock data were available

Missing
ID Name data
AT Austria No
BE Belgium No
BG Bulgaria No
CH Switzerland Yes
CY Cyprus No
Cz Czechia No
DE Germany No
DK Denmark No
EE Estonia No
EL Greece No
ES Spain No
Fl Finland No
FR France No
HR Croatia No
HU Hungary No
IE Ireland No
IS Iceland Yes
IT Italy No
LI Liechtenstein Yes
LT Lithuania No
LU Luxembourg No
LV Latvia No
ME Montenegro Yes
North
MK Macedonia Yes
MT Malta No
NL Netherlands No
NO Norway Yes
PL Poland No
PT Portugal No
RO Romania No
SE Sweden No
Sl Slovenia No
SK Slovakia No
TR Turkey Yes
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Annex 3 Distribution of NH emissions byanimal species and farm size
in 2019

Figure A3.1: Distribution of Ndtmissions by farm size in 2019 (only emissions from swine)
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Figure A3.2: Distribution of Ndtmissions by farm size in 2019 (only emissions from poultry)
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Figure A3.3: Distribution of N¥tmissions by farm size in 2019 (only emissions from sheep)
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Figure A3.4: Distribution of N¥tmissions by farm size in 2019 (only emissions from equidae)
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Annex 4 Distribution of CH emissions by animal species and farm size
in 2019

Figure A4.1: Distribution of CHmissions by farm size in 2019 (only emissions from swine)
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Figure A4.2: Distribution of CHemissions by farm size in 2019 (only emissions from poultry)
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Figure A4.3: Distribution of CHemissions by farm size in 2019 (only emissions from sheep)
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Figure A4.4: Distribution of CHmissions by farm size in 2019 (only emissions from equ)dae
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Annex 5 Maps of estimatedammoniaemissions by EU country from
livestock- Weighted by area

Map A5.1: Map of estimateéammoniaemissions by EU country from all livestock in 200@eighted
by area (kg/km?)

-
Estimated anmonia emissions by EU country, 2019

{Weighted by area and including all Ivestock emissions)

NH3 emissions (kg/km?2} [27]
[ 70-89[2]

[ 89-17712]

[ 177 - 454 [6]
[ 454 - 650 [5]
[ 650 - 869 [5]
B 869 - 1616 [3]
Bl 1616 - 2597 [3]
Wl 2597 - 3549 [1]
I Outside coverage

ETGHEReport 202221 115



Map Ab5.2: Map of estimatedammonia emissions by EU country from respectively manure
management activitiesmanure applied to soils and excreta deposited by grazing livesiack019¢
weighted by area (kg/km?2)
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Map A53: Map of estimatedammonia emissions by EU country fromespectively cattle, pigs,
poultry, sheep and equidaactivities in 2019 weighted by area (kg/km?)
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