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Introduction

The main objective of the Climate Care Cattle Farming Systems (CCCFarming) was to develop cattle
farming systems having as low greenhouse gases (GHG) and ammonia (NHs) emissions as possible
but with no detrimental consequences on social and production aspects.

To do so several actions have been carried out under the six work packages (WP) presented in the
Figure 1. The Livestock Insitute (Institut de I'Elevage — IDELE) has been involved in the 1, 2,3 and 5
work packages and was leading the task WP1.5 « Perform farm emission measurements ».

Integrating Innovative Farm Techniques and Practices reducing GHG Emissions

£ Field monitoring and assessment Mitigation practices
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Figure 1 : Overview and relationships between work packages in the CCCFarming project and IDELE involment (red circles)

In this report, it has been decided to present first the work performed under the task where we (the
Livestock Institute) were acting as partner (« Part | : CCCFarming Partnership ») and then the tasks
carried out as leader (« Part Il : On-farm emission measurements »). In the first part, « partnership »
only IDELE was involved. In the second part we work jointly with INRAE UMR SAS.

Some of the WP were design to « inventory the use of measurement and sensor equipment and
methods (WP1.2) » or dealt with « collecting general farm data (WP1.3) and « studying and
monitoring innovative housing systems (WP2.1.1) ».

Since our specific task (WP1.5) involved the development and use of a measurement method based
on « sensor equipment » and « general farm data » including farms having « innovative housing



systems », all of these tasks (WP1.2, WP1.3 and WP2.1.1) will be then included in the second section
(Part 1) and not the first and we will mention, whenever necessary, the link with the other WP
involved.

1. Part | : CCCFarming partnership — (IDELE)

1.1. WP1: Field monitoring and assessment

This first work package gathers several tasks where IDELE was actively involved. We provided
information and documents for all the following tasks in this WP:

- WP1.1: Selection and organization of field study farms

- WP1.2: Inventory and study of use ICT - measurement and sensor equipment and methods to
deal with emissions

- WP1.3: Collect general farm data

- WP1.4: Apply NPC calculation tool

- WP1.5: Perform farm emission measurements

- WP1.6: Interact with farmers, consultants and stakeholders

As mentioned in the “Introduction”, our participation in the tasks WP1.2 and WP1.3 will be
mentioned under “Part Il: On-farm emissions measurements” when the WP1.5 led by the Livestock
Institute will be presented.

1.2. WP1.1: Selection and organization of field study farms
Eight dairy farms have been selected in France to support all studies under the CCCFarming program
and especially the two on-farm work which are the gas measurements (WP 1.5) and the social
guestionnaire (WP 1.6).

- For farm selection the following flyer (Figure 2) has been developed specifically for France
and sent to a large panel of farms. It completes the project presentation (cf. Annexes — “1.
Farm selection”) and gives an overview of the on-farm studies.

- The location and the ID number for each of the eight farms are presented Figure 3.
- Each of them has been described following a specific template. It is one page description

gathering the main farm information. An example is presented Figure 4 and the eight farm
factsheets are given in the annexes (“2. Farm factsheets”)
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Projet “Climate Care Cattle Farming Systems - CCCFarming”
(= Systeémes d'élevages bovins a faibles impacts climatigues »)

(fj Durée : Janv. 2020 a Juin 2023 (40 mois) =A|'=  Fréquence de visite : Total de 6 visites soit :
2 par an avec 5i 1 hiver/printemps et
1 en été/automne

Objectif :

- @ L'objectif du projet est de développer des systémes d'élevage de bovins réduisant les émissions de
GES et d'ammaoniac tout en maintenant les perspectives socio-économiques de I'entreprise agricole.
L'étude fournira une évaluation de la performance environnementale d'un réseau de fermes sur la
base d'outils d'évaluations agroenvironnementales, de méthodes simples de mesure des émissions
et d'une réflexion avec les fermiers (questionnaire) sur les enjeux climatiques, les intéréts et les
freins a la mises en place des pratiques proposées pour atténuer les émissions gazeuses (Ges et NH3)
@ la ferme. Le cocewur du projet CCCfarming est d'étudier et de fournir des informations sur I'effet
d'une combinaison de pratigues réduisant les émissions gazeuses au niveau des systémes agricoles

~
& En pratique : ﬁ Fréguence et implication :
1- CAP'2ER effectué en ferme 1- une fois (2021)
2- Questionnaire « Approche des enjeux 2- deux fois (début 2021 et fin 2022) — Discussion (2h
climatiques » environ ; possibilité de fractionner et de faire en visio)
3- Mesures émissions gazeuses (étable 3- guatre fois (2021 et 2022) — 1 échantillonnage d'air
int/ext) par « saison »* + un gquestionnaire [1/2h) afin de
pouvoir généraliser les mesures sur toute la durée
de la saison
o e . . L.
.m'a Interéts de participer :

- Une analyse environnementale (CAP'2ER) sera menge

- L'ensemble des résultats des travaux sera aussi communigqué dont
1) les mesures d'émissions et
2) les résultats globaux de I'enguéte

-

= Annexe :
En annexe les documents présentant : 1) le projet de maniére plus détaillée et notamment en ce qui
concerne les objectifs poursuivis et 2) le formulaire de « Déclaration de protection des donnges ».
Site ©  www CCCfarming. ew (anglais)

L i Saison 0 periode ol |2 gestion du beétail est relativernent identique en termes d’' hebergement du betail, de |'alimentation et des conditions dimatigues

Contact IDELE : Xavier Verzé (zavier. vergewidele fr)

Figure 2 : Climate Care Cattle Farming (CCCFarming) project — French Flyer



The heights selected farms are presented in the following map (Figure 3):
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Figure 3 : Farm ID and locations in France



Farm ID : FR4

This farm created in 1974 is located on a sandy clay soil in the Pays de la Loire County, near from
Angers. The farm carries out studies on animal feeding and fodder crops adapted to water
shortages but also on animal welfare and production costs.

Landscape :

Soil type :
Farming system :
Total lands :

- Arable lands :

- Permanent grassland :

- Other land types :
Dairy cow housing :
Bedding material :
Floor in walking alley :
Dairy herd :

Breed :

Herd production level :

Milking system :
Feeding system :
Dairy herd grazing :
Manure type :
Manure storage :

Other farming animals :

Lowland
mostly sandy soil
Conventional

144 ha : 50 ha of irrigated sillage maize (15-16 T DM/ha) — 50 ha of grain
maize (90 q / ha), 12 ha of triticale (55 q / ha), 29 ha of temporary
grasslands and 3 ha of sorghum.

44 ha

No

Cubicles

Straw

Grooved concrete

137 dairy cows + 124 heifers

Holstein

9 400 | fcow/year

Rotary Milking parlour (28 places)

TMR and individual feeding system (84 weighing troughs)

No for dairy cows {only heifers on permanent grasslands)

Solid manure and slurry

Open liquid manure tank

Stockpile for solid manure

swine (Sows)

Highlights

- Speciliazed in the field of animal feeding

- All the animals are genotyped

- Weighing troughs allow to know precisely the consumption of each of the 84 cows on trial
- Studies on fodder production adapted to water shortages

a1 i f
b ‘«“ a2 m e

Figure 4 : Example of farm factsheet — French Farm FR4



1.3. WP1.4: Apply NPC calculation tool
The Livestock Institute (IDELE) was well involved in this task since one of the three NPC tool
considered was Cap’2ER®, a French certified assessment tool for evaluating the environmental
burdens and farm sustainability.

- Common Data recording Sheet

The first level of the tool (Cap’2ER® niveau 1) was used and we participated in the development of a
Common Data Recording Sheet under excel to help partners filling the tools. The developed
spreadsheet is presented below (Figure 5). All relevant cells in the spreadsheets under ANCA (from
The Netherlands) and Cap’2ER® were linked to AgreCalc which was used as the reference. Therefore,
once the latter filled the other ones were automatically filled.

Specificities, such as animal breeds or administrative regions, which are used to choose some of the
default values of the tools, made this exercise uneasy and several adaptations had to be done to be
able to make the links between the calculators. Generic calculation tools can be developed for
homogeneous evaluation procedures, but accurate estimates require specific default values based
on homogeneous categories identified and validated by local advisors.

Enregistrement automatique (@ ) 1~ BB - Commen data recording sheet CCCfarming WP1.4_2022(V8)... » Enregistié dans ce PC P Rechercher

Fichier  Accueil  Inserion  Mise enpage  Formules  Données  Révision  Affichage  Automate  Développeur  Aide  PDF Architect 7 Creator  ASAP Utilities 2 Commentaires 13 Partager -

K72 v Se

o o o Elrjal n

.
DONNEES NIVEAU 1 BL

&
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Pk ailée ccpt
it wl
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]

[ra— 7 Taratiee [T o i
Tt v o

ety : nrd s i o]
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lesale
A
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B INPUT Livestock

A INPUT Land & Crops

Figure 5 : common data recording sheet for the three NPC tools used
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- CAP’2ER® calculations

Since CAP’2ER® is not freely open to public, we had also to perform all the calculations for all the
farms of the partners. All results have been provided to the WP1.4 leader in an Excel file (cf.

illustration Figure 6).

8 9- B = Cap2er-N1_All Results by country.xlsm v P Rechercher

Envegistrement automatique @ )

Fichier  Accuel  Insertion  Miseenpage  Formules  Données  Révision  Affichage  Automate  Développeur  Aide  PDF Architect 7 Creator  ASAP Utilties © Commentaires 5 Partager ~

AS2 2
Farms  T— s
:

g
3 ~ Nma
ansagasaggg o

GHG
/category

r
ENERGY
consumption

Countries ’\ [scomano] s warvia (RGN OERGY [RANGE | 2
o B @D -—+—- s

mit B B Actsbie: consuteznos ecommandotions

Figure 6 : Results obtained using CAP’2ER® and based on the “Common Data Sheet” developed for WP1.4

1.4. WP1.6: Interact with farmers, consultants and stakeholders

The objectives of this task were to investigate the farmers’ current and planned strategies to mitigate
GHG and NH; emissions and what were their opinions on these questions. A questionnaire related to
the “characteristics of the farm and the farmer”, “their information sources”, “their future
expectations and plans” and the “past, future and abandoned actions to reduce emissions” have

been developed by the WP1.6 leader.

Our first task was to translate the whole questionnaire and then we collected all the answers face to
face through on-farm visits. We processed all data and sent them to the WP leader in an Excel file.

We also wrote two documents:
1- a “Discussion points” analysing the policy and agricultural background, the farm and farmer

situations and the changes over time in the farm in general and more specifically concerning

the GHG and NH3 emissions.
2- a 12 pages report analysing more deeply all the data collected in our 8 selected farms.

Both documents are reported in the Annexes (Section 3).
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To complete this study, additional information has been asked and a questionnaire on the country
policies and supply chains has been sent. Questions are presented Figure 7 and the filled form is
given in the Annexes (Section 3).

Greenhouse gas and NHs; policy and supply chain environment and

common practices

TABLE 1

What are the main government-driven regulations and support
schemes which support/force farmers to implement GHG and
NH3s mitigation practices and which are the exact practices they
promote?

TABLE 2

What are the main voluntary (dairy/agricultural driven)
schemes which support farmers to implement GHG and NH3
mitigation practices and which are the exact practices they
promote?

TABLE 3

What are the main supply chain (processors, supermarkets)
driven regulations which support/force farmers to implement
GHG and NH3 mitigation practices and which are the exact
practices they promote?

TABLE 4

Describe how GHG and NHs reduction practices are promoted
through the extension service or any other channels

TABLE 5

Are there any GHG and NHs reduction practices which are
already commonly practiced in the country?

11

Figure 7 : Questionnaire on the country policies and supply chains




1.5. WP2: In depth monitoring and research

The objective of the WP2 was “to use experimental barn units, field plots and pilot farm designs to
compare emissions from housing /manure techniques, and breeding, feeding and grassland practices
and techniques in case that cannot be measured on the field study farms". IDELE was well involved in
the task WP2.2.2 led by INRAE: “Study and monitor novel feeding practices related to crops".

The effect of two different feeding modalities have been studied at the building, storage and field
levels. IDELE was leading the storage part of this task.

We studied the gas emissions (GHG and NHs) from manure coming from dairy cows in each of the
feeding situations. Temperature, hygrometry, manure production and characteristics were
monitored as well as gas emissions.

We used the aparatus presented below (Figure 8) with the INNOVA® 1412 analyser. For amonia
emissions, we also completed the measurements with colorimetric tubes (Figure 9).

» P A0 A0 0 A 0
e vt 5 50 99 9 99

Figure 9 : Colorimetric tubes used for ammonia emission measurements and the associated pump



Temperature and hygrometry were measured continuously. An example is presented Figure 11

Figure 10 : Thermo-hygrometers used

&L USB Data Logger Monitor - &l X
File View Setting Print Help

r==ar=1 paTe SN T\, INEEE
LOGGER Status 'P1=8ac4 7756 Points (Temp. Humidity ) , Sample rate = 360 sec.

1 195 389 583 776 970 1164 1358 1552 1746 1939 2133 2327 2521 2715 2909 3103 3296 3490 3684 3878

%Y

T 0 g ! 61
:08:21 20:40:45 02:13:09 074533 13757 18:50:21
10-17-2022 10-20-2022 10-24-2022 10-27-2022 10-30-2022 11-02-2022

Data Logger CHART

14:38:21 .\ 17.5 .| 79.3 [ 130 15.4

10-25-2022
Temp. Humidity Dew Point Wet Bulb

< < Reminder: Data is not stored ! > >

L Taper ici pour rechercher

Figure 11 : Example of temperature and humidity measurements

Manure characteristics have been monitored from the excretion to the end of the experimentation.
An example of the type of analysis and parameters followed is presented below (Figure 12).

The main results of this study have been sent to the task leader.

13



Région/idépdt :
Mom technicien :

ANALYSE DE LA VALEUR
AGRONOMIQUE D'UN ENGRAIS

DE FERME - EFFLUENT

OU NUMERO D’ELEVAGE
CARACTERISTIQUES DE L"ECHANTILLON

1CR 1 BAT 02/11/22

TYFE DE PRODUIT : Fumier Mou
ESPECE AMIMALE : Bovins Mixte

DUREE DE STOCHKAGEAGE "MOYEN" DE L'EFFLUENT - 1 mois

D'ELEVAGE

ADMINISTRATION/TIERS - AGRICULTEUR/ELEVEUR/RAISON SOCIALE

TIERS : INSTITUT DE L'ELEVAGE

16451

INSTITUT DE L"ELEVAGE

ROUTE D'EPINAY SUR ODON
14310 VILLERS BOCAGE

Tonnes ou md fha

HAZ2-36631

Date de prelevement - 02/1 1/2022
Date de réception - 0811252022
Date d'édition - 16/12/2022

MN*® de Dossier - DP01T3I5H35

QUANTITE EPANDUE OU PREVUEMa Cods typologique

FMEM

RESULTATS DES ANALYSES

RESULTATS UNITE

DETERMINATION
Mlatiéras sdches (MS)
Humidits (HTE)
Matidres minérales (MM)
Matiéres organiques (MO}
Carbone organique (2 org. )

RESULTATS

18.9
811
122
ar.a
43.9

Azote total (MEK) 3,36

Azote ammomniacal (M-MH4) .57
Azote organique (M organigues) 2,79
Rapport M-NHA/MN total 17,0
Rapport N aorganiquelM total |3.0

UNITE
% mat. ones
% mat. e
% Mat. seches
% mat séches
% mat. séches
% mat. seches
% mat. séches

Anhydride Phosphorigue (P205)

DETERMINATION
pH
Rapport TN

Potasse [K20)
Chaux (Ca0)
Magnesium (MgO)
Ohyde de sodium (Ma20)
Cuiwre total {Cul
Finc total (Zm)
Manganése total (Mn)

7.8
13.1
1,88
313
0,82
0,98

O AMENDANT

Matieres organiques
Azote ammoniacal
Azote organique
Azote total (MtK)
P205

QUANTITE APPORTEE QUANTITE EFFICACE TOTALE

PAR Tonme COLU mi3

188
1.1
53
6.4
36
5.9
1,6
19
0.8
0
4
5

DE PRODUIT BRUT EPFANDU

APPORTEE PFOUR UN EPANDAGE
DE 30 T OU m3'ha

4 080
a2z
158
11
108
177
48
57
24
1]
120
150

ANAL YSES COMPLEMENTAIRES ET REMARQUES

LABORATOIRE AGRONOMIGUE DE NORMANDIE - C5135208 - 50008 SAINT-LO CEDEX

TEL. 02.33.77.28.15 - Email : lano@filanc.assofr - SITE - www. lano.asso fr
Laboratoire agréé par le Ministére de I'Agriculture frangais et I'ASP (ex AUP-ONIOL)
Laboratoire adherent du GEMAS

Laboratoire des Chambres 0 Agriculture et du CRIEL NORMANDIE LAIT

Figure 12 : Example of the manure characteristics controled for this study
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1.6. WP3: mitigation practices and techniques

This WP was composed by the three following tasks:

- Task 3.1: Farmers’ opinions concerning mitigation practices and techniques
- Task 3.2: Policy and ethical aspects of selected mitigation practices and techniques
- Task 3.3: Socio-economic and trade-off aspects of mitigation practices and techniques

We have been involved in the first and third task. Originally IDELE was chosen to lead the second
one. However, our main task was on-farm measurements (WP1.5) and, due to the covid 19 situation,
we faced many diffculties leading to delays. For example, the presentation of the method that each
of the partners had to use was supposed to be done physically to show all material needed and how
to use it, and this was not possible. Finding farms and visiting them was not possible either and had
to be delayed. Also, the Brexit situation had impacts on the sendings between Scotland and France
and notably the air samplings which were delayed too.

Finally, after dicsussions with the steering committee, it had been decided for France to focus on the
work package WP1.5, to keep supporting all other tasks where France was involved in and to leave
the leadership of the WP3.2 tasks. We would then support this WP only.

For the first task (WP3.1) we filled the template of the forms (section 1, 2, 3 and 7) designed to be
used to describe each farm. An example is presented Figure 13, the other leaflets are provided in the
Annexes (Section 4).

For the third task (WP1.3), we sent to the WP leader all inputs needed for the scenarii of two farms in
order to estimate gas mitigations and economical impacts.

15



Farm plan reduction of emissions Dairy farmer: Farm 5

/ 1. Description of farmers’ future strategy on development of farm and reduction of emissions \

The farmers considered to move to organic status but they abandoned the project fearing a market saturation. Instead, they
embarked on the “High Ernwvironmental Value™ (HEV) standard. It is now certified level 3 since 2020. Considering the
manpower shortage and the need to gain time and efficiency, the farmers are investing to be more resilient and more
adapted to societal expectations. For these reasons, as well as to save fuel and preserve biodiversity, they have been
practicing no-till for 20 years. They produce biogas for 10 years yet which allows them to diversify their income. For them,
they consider that they already optimized their production system in the environmental domain, by deploying many other
levers: photovoltaic, drying of protein fodder, equipment for animal welfare, scraping blade instead of fushing, feed
optimization... Therefore, they consider that they are at the limit of their possibilities to reduce GHG emissions or to increase
carbon sequestration. Next potential project (study in progress): supplying and recycling energy, in synergy with a nearby
data center.

\ /

/2. Which mitigation measures [ practices were alreadm /— 4, Expected effects on emissions
)

taken? (based on tool calculations, see attachment)

Mo-till (since 20 years) 1. Measurel: ..
Methanization (10 years ago)
Photovoltaic

Dirying of protein fodder
Investments for animal welfare (mats, water 2. Measure 2: .
mattresses)

Scraping blade instead of flushing
7. Feeding optimization

Q Measure 3: ... /
\ /_ /—5 S?\

. Equipment involved; Investment and economic

Wog e

m

/— 3. Which mitigation measures are planned to be \ 3
implemented and how? 3

1. Synergy with a data center: payment for the supply of
renewable energy by the farm to power/cool the data
center + recycling of the heat produced by the data
center for drying on the farm

Economics:

The farmers consider they are at the end of what they
could do to mitigate their environmental impacts \ _/

."/_ 6. Attention points when implementing measures \

\
)

7. Quote of farmer: E 1\ L
“Doing projects to get out of our comfort zone and keep the
pleasure of working: it's in our DNA! “ 2.

“Nitrogen efficiency is 60 to 70% compared to 30% before
methanization; the organic matter of our soils has increased by
1 to 1.5 points™

"Be careful not to go at the expense of dairy performance™ '\\_

Joint call 2018 on nowel technologies, solutions and
systems to reduce GHG - 1D 39274

farming

Figure 13 : Example of farm leaflet filled for the WP3.1
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2. Part Il: On-farm emissions measurements — (IDELE-INRAE UMR SAS)

2.1. Introduction
In this section we present the task lead by IDELE. We worked with INRAE-SAS which was leading the
emission factor (EF) calculations.

The objectives of this task were:

1- To finalize the “Simplified Method” which had to be used by all partners/countries of the
project, with the aim to adapt it to the international perspective.

2- To present both the principles and the specific material to use with this method

3- To do the French on-farm measurements and calculations

4- To collect the calculated GHG and NHs emission factors (EF) from all partners (60 farms x 4
measurement seasons)

5- To analyse all the results with the objective of characterizing the emission profile for the 60
farms in the 8 countries

6- To provide a farm document (leaflet) which can be used by each partner to go and see the
farmers and to present the results in an easy and informative way.

The next sections present, first, the “Simplified Method” and how it had been transferred to
partners; second, the encountered difficulties due to the Covid situation and what has been done to
be able to keep working on this task and, finally, the results and final deliverables (leaflets) with a
short discussion.

2.2.The Simplified Method

This section presents very briefly the method used in this project. More details are presented in the
Annexes.

2.2.1. Principles
The Simplified Method has been developed by IDELE-INRAE to be able to estimate the GHG and NH3
emission factors in open livestock buildings. It has been designed to be used by non-expert people
and at low cost. The objective is to characterize the studied building in terms of emissions to be able
to point out “hot spots” and/or to identify good practices, compared to average results (in our case
the 60 farms), and finally to implement mitigation strategies.

To do so, a questionnaire is filled with the farmer to be able to estimate the carbon inputs and
outputs in the studied building. The objective of this step is to estimate the carbon losses which are
supposed to come from the CO; and CH4 emissions.

To be able to identify how carbon is distributed in these two gases, air samplings are done outside
and inside the building. A gas gradient is then calculated: Gradientg.s = gasin - gasout.

To transfer this method a document presenting the principles and the protocol of measurements (cf.
Annexes) has been developed.
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2.2.2. Material
For this method, specific material needs to be used. The list has been provided, as well as the
suppliers, to make sure that all measurements will be done the same way.

The on-farm questionnaire has also been provided. It is presented section XX of the Annexes.

2.3. Adaptation to covid situation
Some of the steps presented in the Introduction have been very disturbed by the Covid situation and,
for example, all physical meeting planned had to be cancelled. In this situation leading field works at
an international level became extremely complex and challenging. To be sure that this task will
nevertheless be filled we decided to simplify the work of each partner. But, with this reorientation,
the workload for us (IDELE-INRAE) increased considerably.

The main adaptations:

2.3.1. Input data
1- We decided to do all the EF calculations (for all gases and all farms/seasons). Therefore, each
partner had only to provide us the results from the questionnaires and from the gas analyses.

Since, it was not possible for us to transfer manually all the answers from all partners under Excel to
be able to calculate the EF, we developed an Excel file gathering all the questions under several
spreadsheets. (cf. Figure 14).

The day of measurement Commany shaerved in this season (if different)

18| 10) When ave the coms preseat in this bara’ (3 options)
18

n
u

25 The day of measurement ¥
=

z
F3
22 Commonly shserved daring this season G dffeseen)
0

2
B
4
5

%
57| 12) What is he lactation stage of the dairy sous?
n

=
s
44/12) What is the average production and milk compositi bailding?

[ e — minsd

]

Data | Gene

ralinfo | BidgPlan | Merd Mngmt | Bedding & Floor data | Manurs Mngmt | temp hygro | gas meas

® B O - ——-

Figure 14 : Input file for on-farm questionnaire

2- To be able to use efficiently all the collected data (“input files”) a program has been
developed to gather and reorganize all the necessary data for the EF calculations. It has been
written under “R” and provides all data (columns) per country-farm-season (rows) (cf. Figure
15).
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esse-paoters 7| Ponce n Augnement ™ Nombre n shes
o028 . fe | 05016666666666666
“ A B C E F
2 Simplified-Method_INPUT_3.0_P_farm1-seasonl xisx  PL-1 44689.0 E :: Cloudy 15A°C, Wind 11 km/h, N, hi Spring
3 Simplified-Method_INPUT_3.0_P_farm1-season2xisx  PL-1 447860  15:00-16:3(28A°C, Wind 14 km/h, NE, humidity Spring
4 Simplified-Method_INPUT_3,0_P_farm1-season3xisx  PL-1 445200 0375 Sunny 11A°C, Wind 21 km/h, 1019 | Autumn
5 Simplified-Method_INPUT_3.0_ Pl 445350 033333333 Snow 0,1 cm, OA'C, WIND 14 km/h, Winter
6 Simplified-Method_INPUT 3.0 L2 44698 10:00-11:3( Cloudy 17A°C, Wind 14 km/h, NS, hi Spring
7 simplified-Method _INPUT_3.0, L2 44791 16:30-18:0( Sunny 33A°C, Wind 13 km/h, SE, hu Spring
8  Simplified-Method_INPUT_3.0_P_farm2-season3xlsx  PL-2 445120 05833333 Foggy 6A"C, WIND 8 km/h SSE, 1022 Autumn
9 lified-Method_INPUT_3.0, 2 4. PL2 445410 0.4166666€ Sunny, snowy -SA"C, WIND 5 km/h, Winter
10 Simplified-Method_INPUT_3,0_P_farm3-season1 xisx  PL-3 44687.0  09:00-10:3(8A°C, Wind 10 km/h, NW, humidity Spring
11| Simplif hod_INPUT_3.0 3 xsx  PL-3 447900 14:00-15:3(Cloudy 33A°C, Wind 11 km/h, N, hui Spring
12 Simplified-Method_INPUT_3.0_P_farm3-seasondxlsx  PL-3 445130 0.583333324A°C, wind 10km/h, 1017 hPa  Autumn
13 Simplified-Method_INPUT_3.0, PL3 445360 05 Cloudy, little of sun -1A°C, wind 20 b Winter
14 Simplified-Method_INPUT_3.0, pL4 446980  07:30-09:0( 13A°C, Wind 19 km/h, NE, humidity Spring
15 | Simplified-Method_INPUT_3.0, pLa 44791 19:00-20:3( 32A°C, Wind 19 km/h, £, humidity 3 Spring
16 Simplified-Method_INPUT 3.0, PLa 445100 0.40277777 3A°C, WIND 10 km/h, SE, 1028 hPa Autumn
17 Simplified-Method_INPUT_3.0, PL4 445330 045833332 Sunny 1A°C, WIND 27 km/h, WSW, : Winter
18 Simplified-Method_INPUT_3.0, PLS 44688.0 -12:3(19A°C, Wind 10 km/h, SW, humidity Spring
19 Simplified-Method_INPUT_3,0_P, LS 447860  18:00-19:3(28A°C, Wind 14 km/h, NE, humidity Spring
20 |Simplified-Method_INPUT_3.0_P_farm5-season3.xlsx  PLS 445200 05 Cloudy, Wind 26 km/h, 1019 hPa  Autumn
21 simplified-Method_INPUT_3.0_P_farmS-seasond.xlsx  PL-S 445410 05625  Sunny and snowy -3A°C, Wind 5 km, Winter
22 |Simplified-Method_INPUT_3.0, xXlsx  PL6 446880  13:00-14:3(Cloudy 20A°C, Wind 10 km/h, NE, hi Spring
23 simplified-Method_INPUT_3.0_P_farm6-seasan2xisx  PL-6 447860  16:30-18:0(27A°C, Wind 14 km/h, NE, humidity Spring
24 |Simplified-Method_INPUT_3.0_P_farm6-season3xlsx  PL6 445200 058333332 Cloudy 11A°C, Wind 34 km/h, 1017 Autumn
25 | simplified-Method_INPUT_3.0_P_fi L6 445410 0625 Sunny, snowy -4A°C, Wind 6 km/h,  Winter
26 | Simplified-Method _INPUT_3.0, pL7 446860 077083332 21A°C, Wind 10 km/h, SE, humidity Spring
27 | simplified-Method_INPUT_3.0, pL7? 447890 16:00-17:3(Sunny 27A°C, Wind 8 km/h, E, humi Spring
28 | simplified-Method_INPUT_3.0_P_farm7-seasondxisx  PL-7 445180 [0.5416666]cloudy 4A°C, Wind 23 km/h, 1020 h Autumn
29 simplified-Method_INPUT_3.0, PL7 445360 0.4166666¢ Cloudy, little sunny, 4A°C, Wind 16 } Winter
30 |Simplified-Method_INPUT_3.0_P. LB 44687.0  5:30-7:00 4A°C, Wind 5 km/h, SW, humidity 4i Spring
31 Simplified-Method_INPUT_3.0_P, PLB 447900 17:00-18:330A°C, Wind 8 km/h, NE, humidity : Spring
32 Simplified-Method_INPUT_3.0_P_farm8-season3xlsx  PL-8 445190 0.5416666€ Cloudy 11A°C, WIND 24 km/h, 1016 Autumn
33 |Simplified-Method_INPUT_3.0_P. L8 445430 039583333 Foggy, snow 1A°C, WIND 5 km/h, 1C Winter

dataxtracted (329 16F @

Figure 15 : Farm inputs reorganized

Conutes tamon Compléments
G H 1
Main bulding with lactacting cows 1.0 570
Main bulding with lactacting cows 10 57.0
Main bullding with lactacting cows 10 55.0
Maln bulding with lactacting cows 10 57.0
Main bullding with lactacting cows 1 13
Main bullding with lactacting cows 1 11
Maln bullding with lactacting cows. 10
Main bullding with lactacting cows 0 87.0
Maln bullding with lactacting cows 10 2320
Main bullding with lactacting cows 10 1430
Main bullding with lactacting cows 1.0 209.0
Main bullding with lactacting cows 10 2350
Main bulding with lactacting cows 10 9700
Main bulding with lactacting cows 1 10€
Main bulding with lactacting cows 1.0
Main bulding with lactacting cows 1.0 996.0
Main bullding with lactacting cows 1.0 13.0
Main bullding with lactacting cows 1.0 1.0
Main bullding with lactacting cows 10 110
Main bullding with lactacting cows 10 120
Maln bulilding with lactacting cows, heifers, youngstock and calves 1.0 740
Main bulilding with lactacting cows, heifers, youngstock and calves 1.0 750
Maln bulilding with lactacting cows, helfers, youngstock and calves 1.0 87.0
Main bulilding with lactacting cows, helfers, youngstock and calves 1.0 63.0
Maln bullding with lactacting cows 1.0 1040
Main bullding with lactacting cows 10 1410
Main building with lactacting cows 1.0 1300
Main building with lactacting cows 10 104.0
Bullding with lactacting cows 10 291.0
Building with lactacting cows 10 196.0
Bullding with lactacting cows 1.0 288.0
Bullding with lactacting cows 10 288.0
gl ’

3- This reorganized database was then checked for consistencies, for example, too high milk

productions due to input mistakes, number appearing as text because of the use of coma

instead of points, etc. Based on this quality control stage three tiers have been developed

depending on the level of data that has to be replaced by default values (cf. Figure 16)

Tier 1: mainly based on default values
Tier 2a: important inputs based on default values

— \/ery Low farm precision
= LOW farm precision

o

Tier 2b: no default value

Missing

Yes No

y y

Main Inputs?

Good farm precision

Yes

Possible | Yes
to obtain?

Possible to
correct?

Yes

No No

Tier 1

« Most of the data
cannot be obtained »

Tier 2a

« Main data cannot be
obtained »

Tier 2b

« No gap and reliable
data »

Replacement Replacement
by default by default
values values
Tier 2a

LNS’

Tier 2b

L}i}

Figure 16 : Data quality control — Method for tier identifications
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2.3.2. Calculator
The Excel based EF calculator has been totally rewritten. It is now specifically adapted to the new
data organization and format. It is presented below Figure 17.

Enregistrement automatique (@ CCCFarming_Emission_flyer v10_uncertainty.xlsx v peol Verge Xavier VX

Fichier Accueil Insertion Mise en page Formules Données Reévision Affichage Automate Aide PDF Architect 7 Creator ASAP Utilities U Commentaires 18 ~

DY49 - Je | =SI(ESTNA(SMA49);"";$M49) ~

A U ov. ow ox DY 0z EA €8 EC ED EE EF EG -
DO NOT INSERT COLUMNS unless all formulas using this sheet are manually

processing: input data for uncertainty estimates

scdsena

Jtier 3
ing cows
foad

Temp
Outdoor
o) 28 C)

ter level Gaz az
for DM feeq  B294Ing input tier level ton  Favumik  Proteinmik concentration  concentration  concentration  conc
oput | (kgrcowiday)  for total C ny

Filename (date observ mgym3) (mgim3) (mg/m3) (m
INDOOR_N20 OUTDOOR_N20 INDOOR_CO2  OUTD(

A Icowiday)
44 Simplified-Method_INP 450 a2 83 0780 08 1241
45 [Simplified-Method_INPUT_3.0_italy_farmd-seasont.xlsx (2021-04-07) 750 240 240 a3 355 136 0645 06 1096 {

45 |Simplified-Method_INPUT_3.0_taly_farmd.season2.xlsx (2021-06-22) 775 230 230 92 351 27 0615 06 906

47 |Simplified-Method_INPUT, 387 344 168 0665 07 921 {

4g [Simplified-Method_INPU a72 354 92 0766 08 114

40 [Simplified-Method_INPU 86 337 121 0657 08 1032

B

g

»

¥

°

»

%
© 6 6 e e e e
© o 6 6 e e

204 0633 06 1004
51 |Simplified-Method_INPUT_3.0_taly_farms-seas

52 [Simplified-Method_INPUT_3.0_italy_farmS-sed Jhd.xisx (2022-01-27)

53 |Simplified-42 ' 21-03-30)
S Quality .
55 Simplified-| 1.-10-06) o0
‘e Control ... o

7 |Simplified-Method_INP!

5 Atvia_farm1-seasonl .xlsx (2021-05-13) 06 1238

g |Simplified-Method

dsx (2021050 - 9 . 06 1419 o

File Monitor | DataExtracted J8 emission interval JX Flyer Data | messages | Emission flyer

Prét % Accessibill

Figure 17 : Overview of the Excel based EF calculator

The first spreadsheets are used for quality control purposes, then calculations are performed and the
results are presented in factsheets. Once printed, these results are designed to be presented to
farmers. The last spreadsheets are used as a help for result interpretations.

With all of these modifications we were able to handle all the files from all the partners (264 files)
and calculate all the EF (more than 1050) and finally obtain a factsheet for each of the 60 farms
where the text can be easily adapted to each country language.

An example is presented Figure 18. All factsheets are gathered at the end of the Annexes.

- The left page presents the farm situation. It is based on the questionnaire. All horizontal
graphs correspond to the international average and the arrow, and the numbers below the
graphs, present the situation of the farm. The farm is then compared to the averages of this
project.

- Atthe right, all the EF calculations are presented. The left graphs (blue side) correspond to
the international (project) average and the right graphs (orange side) present the farm
results. The observed emissions are presented for the NHs;, CH, and N,O gas and in CO,
equivalent (combination of the CHs and N,O gases, reported as kg CO.eq per Liter of milk). At
the top of the leaflet, the “Take home” message can be included by the farm adviser.

It is important to note that we do not present only one EF per farm and per year, but all the EF
calculated for each specific farms distributed under five classes. This presentation takes into
account the evidence that the emissions are observed with an uncertainty and that accurate
observations should necessarily change over the year due to climate, animals and/or management
issues. This graph has been called the “Signature” of the farm (cf.Figure 20).
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My farm vs the diversity of visited dairy units

in all countries
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Figure 18 : Results - Farm factsheet
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Finally, to be able to present the results to the farmers, we also developed the two pages presented

below. They complete the factsheets and correspond to the front page (Figure 19) and back page

(Figure 20) of the folded A3 leaflet.
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Figure 19 : Farm leaflet — page 1 (front page)
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Guidelines for interpretations

ERA-GAS A3

Take home message ‘

Take Home Message based on the graphs below

The emission estimates are « Much higher » for CH and « Higher » and
« Much higher » for N,O than the reference EF.
Looking at the farm description :

the use of slatted floor could explain the CH jresult;

dried manure is used for bedding material and higher uses of
concentrates (airows) than the average could explain the
N,Oresults.

Horizontal bars are for the
farm description

Vertical bars are for the
emission calculations

1- Graphs present the  2- Arrow and numbers

1- Left graphs for the
country situation

2- Right graphs for the

country situation below graphs present
the farm situation
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2.4. Results

2.4.1. Emission categories

The emission analyses lead to the identification of 12 categories (Table 1) where the ammonia,
methane or nitrous oxide emissions frequencies, were similar, lower or higher than the average of all
the livestock building studied. They were ranked from the least (n°1) to the highest (n°12) emissions,
considering the three gases. In the case of Germany, the farms could not be classified because available
data allowed calculations only on ammonia emissions.

In each of the category, the emissions were considered similar but the link between emissions and
specific features of the housing was unclear: animal number, feeding, grazing, housing type (e.g.
cubicles, tie stall, deep litter) or area per cow, manure management (liquid and/or solid) or bedding
input were heterogeneous between farms within the same category. Each category included a variable
number of farms and no link related to country could be established except for Lithuania where the
four farms belonged to category 1.

Three categories had 9 or 10 farms (categories 1, 3, 11) representing around 20% of the total number
of farms. Three categories had 3 to 7 farms (categories 5, 8, 12) that means around 10% of the total
number of farms. For the 6 other categories (n° 2,4, 6, 7,9, 10), only 1 or 2 farms were in each category
(less than 5% of the total). In all these categories, the limited number of farms limited the possibility
to analyze a possible link between emissions and housing type or management.

Links with animal number, feeding, grazing, housing type (e.g. cubicles, tie stall, deep litter) or area
per cow, manure management (liquid and/or solid) or bedding input could not be established. This
was due to the fact that most of the parameters for calculations were very diversified between farms
(feeding, production, amount of bedding material, etc.). Even the temperature effect on ammonia
emission was not observed despite the high range in temperature (outside temperature from -3.2 to
+36.0 °C). In such situation, finding correlations with specific parameters would require having a
larger farm sampling and more on-farm measurements.

Almost all countries had farms in the "high emission categories" (n° 11 or 12) or in the "low emission

categories" (n° 1 or 2). Therefore, the proposed measuring method can help to support a strategy of
emission reduction provided the observed results are integrated in national emission inventories.
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Table 1: farm distribution according to the gas emission levels

Category House Signature NH; | CH; | N;O | FarmId | Proposed message
I t 100 % 100 % 100 %
population 5% v v
(reference 50% 50% 50%
or | e Py T v | |
[010% EF 030% EF [ EF [12 x EF M4 x EF %
message) NH [30% EF [70% EF (1EF [11,5x EF M2 x EF| [110% EF [30% EF [ EF [12 x EF M4 X EF
g CH4 N>O
e Emissions of ammonia
and nitrous oxide are
smaller than the
opulation while
100% 100% 100% 2, vs,| P ph e
5% 75% 5o LVE FRS methane em|5.5|ons are
1 50% m 50% 1 50% NL 1’ IT8, normal for dairy cows;
25% 25% 5% T - T ' _"| @ The farmer practices
" L — e — LT1,LT2, P
[10% EF ©30% EF [1EF 12 x EF @4 x EF [30% EF @70% EF [1EF 1,5 xEF @2x [ 10% EF ©30% EF [ EF 2 x EF @4 x EF LT3 LT4 should serve as an
NHs CH4 N,O ’ example of “low emitting
system” to improve
similar farms in the same
region
e Emissions of ammonia,
methane and nitrous
100 % 100 % 100 % . . .
5% 75% 5% oxide are similar to the
2 50% 50% 50% T4 SC5 population;
| 25% \:b G p— ’ e Methane emissions
[010% EF m30% EF [ 1EF 112 x EF @4 x EF [030% EF @70% EF EF 1,5xEF @2x [0 10% EF @30% EF [ 1EF M2 x EF @4 x EF hlgher than emISSIOn
NH3 CH, N,O factor can be due to the
manure management
e Emissions of ammonia
and nitrous oxide are
LV 1,LV4,| lowerthanthe
100% 100 % 100 % .
5% 75% 5% LV S8, IT7, population;
3 50 % 50% 50% _ + _ NL 3, e The reasons of occasional
25: . 5% & C- 25% ' NL 6, higllwel.' methane
[110% EF [30% EF [ EF [12 x EF @4 x EF [030% EF [70% EF [1EF 11,5 EF M2x [©10% EF ©30% EF (EF 2 x EF M4 x EF SC6,SC7, emissions should be
NHs3 CHq4 N,O SC8 understood to further

improve the overall good
quality of emissions
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Category House Signature NHs; | CHs | N;O | Farm Id | Proposed message
| t 100 % 100 % 100 %
[Pl 75% 75% 5%
(reference 50% 50% 50%
for | *r o gy B -~ ol i R
e p—
[010% EF @30% EF [1EF (12 x EF M4 x EF %
message) NH [30% EF 070% EF [1EF [11,5x EF M2 X EF| [110% EF ©30% EF [ EF [12 X EF M4 X EF
g CH4 N,O
e Emissions of ammonia
100% 100% 100% and methane are similar
5% 5% % to the population;
50 % 50 % . .
4 ;2: m 25 & . l J - - + FR1 e The risk of occasionally
= o — . high nitrous oxide
’ [10% EF ©30% EF [1EF [12 x EF @4 x EF [30% EF @70% EF (1EF M1,5xEF @2x [010% EF @30% EF [1EF [12 x EF M4 x EF emiSSiOn ShOUld be
NH3 CH4 N0 further studied
e Emissions of ammonia
and nitrous oxide are
100% 100% 100% LV 5, similar to the population;
75% ::: 75% NL9, e Manure management
50 % 50 %
5 25% : 25% 25% h - + - PL1,PL2,| couldbe tunedto
— IT2,IT5, decrease the occurrence
[010% EF @30% EF [1EF 12 x EF M4 x EF D 30% EF @70% EF EF m1,5xEF m2x [010% EF @ 30% EF [1EF 12 x EF B4 x EF .
NH CH N-O IT6 of methane (or ammonia)
3 4 2 emissions higher than the
emission factor
e Emissions of ammonia
are higher than the
population;
100% 100 % 100% e Emissions of methane are
75% % 5% lower than the
50% 50 % 50% . .
% oxide emissions similar;
[010% EF @30% EF [1EF 12 x EF @4 x EF [030% EF 070% EF (JEF 1,5xEF @2x 0 10% EF @30% EF [EF 12 x EF B4 x EF
NH CH N,O e Manure management
3 4 2 could be tuned to
decrease ammonia
emissions
e Emissions of ammonia
100% 100% 100% and nitrous oxide are
75% 5% 5% similar to the population;
50 % 50 % 50 % .
7 5% — b 25% 25% d? ' - ++ — | FR5,PL6 | « Methane emissions
e higher than emission
[010% EF @30% EF (1EF 12 x EF M4 x EF [030% EF 070% EF [JEF 1,5xEF @2x 0 10% EF @30% EF [1EF 2 x EF B4 x EF
factor can be due to the
NHs3 CHa N-.O

manure management
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Category House Signature NHs; | CHs | N;O | Farm Id | Proposed message
| t 100 % 100 % 100 %
population B 5% 5o
(reference 50% 50% 50% all
for e p—
[010% EF @30% EF [1EF (12 x EF M4 x EF
message) NH [30% EF [70% EF (1EF [11,5x EF M2 x EF| [10% EF ©@30% EF (1 EF [12 x EF @4 x EF
g CH4 N,O
e Emissions of ammonia
are lower than in most
farms;
e However, high methane
100% 100% 100% and nitrous oxide are
5% 75% 75% observed which can be
8 0% 0% 0% - + + NL8, due to the manure
25% 25% 25% FR2,FR3
—— o — | — management (e.g. 1:
DIO%EFD:\;‘}I‘;'EF EF 2 xEF m4 x EF 030% EF DC7(:|6EF EF MW1,5xEF m2x [110% EF [30% EF [1EF [12 x EF @4 x EF reusing dr|ed manure
3 4 N.O with moist litter; e.g. 2:
moist litter for methane;
e.g. 3: frequent turning
for nitrous oxide)
e Emissions of ammonia
100 % 100 % 100 % .
5% 75% 5% and methane are higher
50 % 50% 50% than the population;
y — [ e Manure management
[110% EF [@30% EF [ EF 12 x EF @4 x EF [30% EF [70% EF [JEF 1,5 x EF M2 x [010% EF ©30% EF (1 EF 12 x EF @4 x EF could be tuned to
NHs3 CH, N,O decrease these emissions
e Emissions of ammonia,
methane and nitrous
100 % 100 % 100 % j .
5% 75% 759% oxide are higher than the
50% 50% 50% population;
|

%
[010% EF @30% EF

|

EF 2 x EF M4 x EF

NH3

030% EF @70% EF (JEF M1,5xEF @2x

CH4

o

010% EF @30% EF

N.O

EF (12 x EF @4 x EF

Changes in manure
management should be
studied to decrease these
emissions
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Category House Signature NHs; | CHs | N;O | Farm Id | Proposed message
| t 100 % 100 % 100 %
[:()0[:;u ation B 5% 5o
reference 50 % 50% 50%
2o 25% 25% - - - a”
or —=
message) F110% EF D:\lo:'“ EF F12 X EF B4 X EF [30% EF @70%EF [1EF [11,5x EF M2 x EF| % [110% EF ©30% EF (/EF (12 x EF M4 X EF
g CH4 N,O
e Emissions of ammonia
and methane higher than
the population are
0% .. 100% sC1,5C4, pop
5% 75% 5% PL3 PLS occasionally observed;
11 50% 50% 50% PL 7’ PL 8' o Conditions of these high
25% 25% 25% + ++ - ’ ) -
A NL 2 emissions should be
% [10% EF [30% EF (1 EF 12 x EF @4 x EF [30% EF [70% EF [JEF 1,5 x EF M2 x % B10% EF @ 30% EF DIEF B2 x EF M X EF NL 7 L</7 identified to decrease
NH3 CHa N.O ’ there occurrence while
maintaining small nitrous
oxide emissions
e Emissions of ammonia,
methane and nitrous
oo 100% 100% oxide hlgher than the
5% 75% 759% population are
12 50 % 50 % 50% FR7,IT1, repeatedly observed;
25% 25% 25% & t+ tt t+ IT3,NL5 | e Changes in manure or
% AN A— % ~:
[110% EF [30% EF [1EF 112 x EF M4 x EF ©130% EF ©70% EF [EF 1,5 EF M2 x ®  ©10% EF ©30% EF CEF B2 x EF B4 x EF cow management can
NH3 CHa N,O induce 5|g'n|f|cant.
decrease in polluting
emissions
DE 1, DE 2, | the “house signature” could
DE 3, DE 4, | not be observed; when high
DE 5, DE 6, | ammonia emissions were
_ DE 7, DE 8, | repeatedly observed,
13 only NH; available DES, improvements in manure
DE 10, management could be
DE11, tested
DE 12,
DE 13
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2.4.2. Ammonia emissions
Scraping frequencies

Hypothesis of the effect of increasing scrapping frequency on ammonia emission decrease was
partially confirmed.

NH; Emissions

800
700
600
500

400

Every 2h

300

Ammonia emissions (g/cow/day)

20 25 30 35 40

Scraping frequency (nb/day)

Figure 21 : effect of scraping frequency on ammonia emissions

As expected, with high scraping frequency the risk of having high ammonia emissions was low or
non-existent (Cf. Figure 21). The threshold found in this project was a frequency of 12 time a day or
every 2 hours.

However, this does not mean that low scraping frequencies, such as one per day, would necessarily
induce high ammonia emissions in all the studied livestock buildings. Indeed, even in this case,
emissions below 30 g NH; cow™ day™ were observed. This means that practical observations can
reveal the farms where the default EF should be replaced by a lower value because lower
emissions are repeatedly observed.

Use of innovative materials

We observed that in all buildings where mattresses were used for animal bedding smaller
ammonia emissions were measured (Cf. Figure 22).

On the left, the graph presents the emission “signature” of all farms regardless the type of
animal bedding used. On the right the same group of farms are divided into two sub-groups:
the first one without mattresses (at the top) and the second one with farms using mattresses
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as animal bedding. One therefore observes that the emission signature is shifting on the right
for the first group compared to the reference graph which means that these farms have, on
average, more NHs emissions (the EF frequency was shifting towards higher emission
classes). And for farms having such type of mattress there is a clear shift to the left with most
of the EF distributed in the low emission classes.

This effect is not well understood yet and will require further investigations. This result illustrates
fairly well the interest and the strength of the Simplified Method which has been developed as a tool
observing the farm situation in terms of gas emissions and revealing the weaknesses (“hot spots”) or
the strengths (with low EF), which is the case here, of specific practices.

NH3 emissions for farms w/o mattress

50
30
NH, emissions for all selected farms 20 1
10
o

10% EF m 30% EF EF 2xEF m4xEF

1 % NH, emissions for farms with mattress

[v]
10% EF  ®30% EF EF 2xEF W4 xEF .
40
30
20
10
o

10% EF m30% EF EF m2xEF m4xEF

Figure 22 : Effect of having mattress as livestock bedding on ammonia emissions

2.4.3. Methane emissions
Accuracy of the measuring method could not allow distinguishing between herds where animals

would have lower methane emissions.

Dispersion of the observed methane emissions showed that clear links with liquid or manure
management could not be established: in all types of manure management systems, both high and
low emitting houses where observed.

2.4.4. Nitrous oxide emissions

In most farms nitrous oxide emissions were in the range predicted by average emission factor.

In one case (category 8 - Table 1) high nitrous oxide emissions were repeatedly observed in the
house. A clear explanation could not be found. We hypothesize that in one case it was due to reuse
of dried manure as bedding, associated with a moist litter that could stimulate the denitrification
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processes on the floor. In another case it could be due to frequent turning of the litter, associated
with a limited input of bedding material, leading to denitrification processes more intense than
immobilization of excreted nitrogen as stable organic compounds.

In one case (category 1 - Table 1) low nitrous oxide emissions were repeatedly observed in the house.
It showed that decreasing these emissions are feasible through transferring good farmer practices
between similar farms in the same region and checking the results with the current method.

2.5. Discussion

2.5.1. Decreasing emissions at country or farm scale?

Observed emissions were highly variable and hardly predictable. We hypothesize that current
models of ammonia, methane or nitrous oxide emission are too simple to integrate all interactions
between climate, animal specificities, building characteristics and farmer practices. Such models can
certainly be developed but the cost of recording all input parameters for all types of farms in all
countries might be high. In addition, the time and cost of development and validation of such models
for all farms might be high as well. Therefore, their development could be prioritized to the systems
that mostly contribute to country emission. In this case they could be used to anticipate the effect of
future technical changes (animals, feeding, manure, climate, etc.) on emissions and limit the risk of
future increases at country scale. On the contrary, in livestock farming systems that have a high
complexity and a low contribution to the country emission, the cost of such model development
could appear excessive. In this case, the multiplication of emission estimates can both help to a
better knowledge in country emissions and a pragmatic transfer of good practices between similar
farms in the same region, having a similar technical and economic environment. This is why this low-
cost method usable by non-expert people has been developed.

2.5.2. Perspectives

From current results, the high variability of observed emissions shows that even the tier 1 approach,
based on gaseous measurements without an accurate knowledge in the livestock building carbon
budget, can help identify good practices and “hot spots” of gas emissions at the building scale.

The limited cost of this approach can help develop surveys and databases that will then lead to
both a better knowledge in actual emission factors and to the development and optimization of
the strategies to reduce gas emissions.

In those farms where opportunities of gas emission decreases are identified, the tier 2 approach will
be best suited to develop understanding of the high emissions and confirm the decrease in emissions
after changes in terms of material and/or practices.
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