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The AGRIBALYY#ogram

Farmers, tle food industry, policy makers and consumers are increasingly interested in the
SYG@ANRYYSyYyul f AYLI OGa 2F F22R  LINRPRdzOGao |
f QI VYPANRYYSYSyiié 2NHIFYAT SR ,Gtéwasiclkad tha & wak a (1 NB
necessary toimprove the understanding of the environmental impacts of agricultural
products and share the resulting datéhe French Environment and Energy Management
Agency(ADEME) launched the AGRIBAEYS&#ram to create a Life Cycle Inventory (LCI)
database of fench agricultural productsThisdatabase is restricted to flowCl data sets

and data for life cycleimpact assessmentgLCIA)rather than full life cycle assessments

(LCA) which would require several more steps: normalization, aggregation and
interpretation ofthe results. Many partners contributed to the programcludingresearch
institutes (INRA, Agroscope, CIRAD) &adhnical Institutesepresentingthe whole of the
agricultural industry

AGRIBALY3Hvas built with two aims: i) build an LCI datale to provide data for
environmental labeling of food products and ii) sh#ne data to enable the agricultural and
food industries to assess the production chain and rederoaronmental impacts.

AGRIBALY3grovides 18 LCldata ses for arable, horttultural and livestockroducts. The
deliverables are:

« A database in ecospold_v1 formats

+ Two Excel fils (one for animal production, one for crop productigerpvided for
AGRIBALYSE v1.2 with LCI and LCIA indicators.

« A final report in Frencland English(Agribalyse: Assessment and lessons for the
future, Colombet al, 2013), describinghe project stagesand main findings and
including two notes on the quality control for the LCI data sets and the results as well
as a sample of the sensitivity analysighe results for two products

v The AGRIBALYSE® data collection guide

«  Thisreport on themethodolog/

Thisreport on the methodology

General aim of the report

This document presents the methodolegi selectedby the 14 partners duringhe
construction of tle AGRIBALY%fatabase. Mosbf thesewere adopted unanimously, the
others by a majorityvote. In conjunction withthe metadata with each LClata sef this
document ensuresthat the AGRIBALY®Bpproachis transparent.It gives a detailed
descrption of the methods selectethut is not intended to bea manual. It should help LCA
practitionersto assess the quality of the AGRIBAI®d&fabase and create L@4ta sesthat
are comparable to those of the AGRIBALtB#abase.

LCldata set handling: data coli#ion, conversion andalculation

AGRIBALYSE®: Methodology 8
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The data for the production systems was entered by the Technical Institutes using the data
collection module (DCM) developed f&GRIBALY3Hsing Excel. This module was then
coupled to the direct emission calculation maslevithin the inventory data processing
system (IDPS), also using Excel, to obtain the direct emission flowsbatkground
processesvere thenaddedusingSimapro® to obtaithe LCI and LCIA dasats

Quiality control

There were two levels ofuglity cantrol. The quality of the production system data, entered
by the Technical Institutes into the DCM, was checkethtdgpendent expertsThe LCI data
calculated by INRA and Agroscope whscked internallyoy the Technical InstitutesThis
two-stage qualitycontrol processsignificantlyimproved the quality of the LCdlata ses.

Products assessed

AGRIBALY3Ereated LCHata ses for the main French agricultural productand three

imported products),using a standardized hierarchy at NB RdzO( ganbi®lidet)da ¢ ¢ S
products (e.g. wheat, maize, broilers, pigs, etc). The French average LCI data sets for most
product groups were built by averaging thedividual LCI data sets for varied production
systems(e.g., conventional, organidOC,regionalvariants, &c). These average LCI data

sets were constructed case by cadecluding variations within product groups, the
database contains total of 136LCldata sets 80 for livestock production an87 for arable

and horticultural productior{AppendixA).

Produds inventoried in AGRIBALYSE

Annual crops Durum wheat, soft wheat, sugar beet, cagotapeseed, faba beangrain
maize, barley, pes potatoes sunflowes, triticale

Forage/grassland Grass, alfalfa, silage maize

Fruits and vineyard Peacles apples, cider appls, wine graps

Special crops Ross, tomatoes ornamental shrubs

Tropical special crops| Coffee, clementirg jasmine ricecocoa,oil palm fruit, mango
Arable and horticulturaltotal: 28 product groups

Cattle CovwQ ilk, beef attle

Sheep Shee milk, lamls

Goats GoaQ idilk

Poultry Eggas, broilers, turkeys, duclsfor roasting, duck for foie gras
Rabbits Rabbis

Aquaculture Trout, sea bass/sea bream

Pigs Pigs

Livestockiotal: 14 product groups

Representativeness

AGRIBALY3Eoriginally aimed to provide LCldatases for agricultural products
representative of the French market. However, due to the variability of iflagrpractices,

soils and climate in France, it was often difficultcanstructr  NB I €t AaGA O dayl GA?2
produdion system. This was one reason for creating severalda@l ses for the same

product, for different farming practices or regiom Whae possible, they were then
averagedii 2 200G+ Ay &yl (A 2bat dvenlsddrSLCH dAtS seeptedeRtativizO ( a

of the whole of France was not possithte all products. Representativeness should always

be considered when using the ldaka ses.

AGRIBALYSE®: Methodology 9
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Systenmboundariegspace and time)

The systenboundaries fothe AGRIBALY3IECIdata ses are from cradle to &rm gate For
crops, all upstream processes (input production) are included but gustvest operations

are excluded, even though they may occur on the farm (e.g., potato storage, cereal drying).
For animals, all operations required for the production phase actuded (e.g., animal
production, fodder storage, milking room and machines) but processingphase is
included (e.g., slaughter, cheese making).

To build LCldata ses representative of currenproduction systems, the reference period
chosenwas from 2@5 to 2009. Direct emissions, linked to animal and crop production, on
the farm itself were modeled in AGRIBALY SfBereas indirect emissiorassociated with
inputs were based on existing data, mainly from ecoinvemt@ditionalwork wasrequired

for indirect emissionsassociated wittsome feed ingredientsAppendixL).

Models used to calculate direct emissions

Farming activities cause direct emissions (e.gp, O, trace metals, P, pesticides) and use
resources (e.g., water, landgmissiongo environmental compartments (i.e., water, soil, air)
were calculatedusingmodels. Eactemissionwas calculatedusinga specific model chosen

to bethe most suitabldor the requirementsof the program.Table 15shows the emissions

and resourcsincluded, thesouce and consumerand the models used.

Allocation

The dlocation rules follow international recommendations. Farable and horticultural

crops, most ceproducts are generated in the processing phase, which is not included in
AGRIBALY®EFor livestockpr2 RdzOG A2y S |  G0AZ2LIKE&&AGkdIE | ff 2
possible allocation was avoided by breaking the system down into animal classes,
characterized by anim@l@ge/physiological stage and management. Then, for animal classes
requiring allocation (e.g.dairy cows during milk production), allocatiaras based on the

metabolic energy required to produce eachmmduct (e.g., calf, milkHowever impacts of

animal clases producing a single product meeallocated100%to this product. For example,

alltheA YL Oda 2F GKSwaNBI A KB 208 A BENE 200 KSa & Od ¢
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Le programme AGRIBALYSE

Les impacts environnementaux des produits agricoles est un sujet qui intéresse de plus en
plus les agriculteurs, les filieres, les _pouvasblics et les consommateurs. Suite aux
RsOAaAZ2Yyd LINR&Sa Rhya tS OFRNB Rdz DNBYyStfS
SG RQIFYSEAZ2NBNI £S& O2yylAraalyoOSa RSa AYLI OC

tQr'59a9 I RSOARS IRSpolr réglicks dike hiage déJdbRriaes(BDD)
RQLY@SyilANBa RS /e80tS RS +£AS 0L /%Chite BaSed
RS R2yySSa aS fAYAGS t € LINRPRdOGAZY

RQAYR)

2L AAGAZ2Y t fyses thNCRcR delvie AATY) cdnPléte/ inctuant les étapes de
Y2NXYIFfA&GFGA2Y S RQFANBAFGA2Y SG RQAYISNLINBGI
collaboration étroite avec les partenaires de la recherche (INRA, Agroscope et CIRAD) et

avec les Institts Techniques des principales filieres agricoles.
Le but de ce travail estdouble A0 O2yaldAdGdziAizy RQdzyS ot

asS RS

QL FFAOKE IS Sy GANBYY S Y S y)inuthalisRiénades lohnBaRstmices
pour aider les profssionnels du monde agricole et agrof A YSy G4 ANB RI ya

filieres et la réduction de leurs impacts environnementaux.
Le programme a permis la mise a disposition dé 3/ de produits agricoles animaux et
végétauxLes livrables sont

+ Une base d données ICV sous format ecospold_v1.

« Un fichier de synthese Excel mis a disposition dans la version AGRIBALYSEvV1.2

contenant les résultats ICV et IACV. .
v Un rapport «Bilan et enseignements (Colomb et al, 2013), présentant le

déroulement et les prinpaux résultats du programme, et incluant deux notes sur le
O2yiNBfS ljdzr tAGS RS&a L/ + Si RSa NBadz Gt

sensibilité des résultats pour deux productions.
« Le guide de collecte AGRIBALY3E (Biardet al,2011a).
« Ce rapport néthodologique.

Le rapport méthodologique
Objectif général du rapport

Ce rapport documente les choix méthodologiques effectués par les 14 partenaires du

LINEINI YYS f2NB RS fQSilofAaasy Egsithoir ént étél
approuvés généfaSYSy i t fQdzylI yYAYAGIST &aAiAyz2y t

métadonnées disponibles pour chaque ICV, ce rapport assure la transparence de la
RSYIFNOKS® Lf LINBaSydS fF RSYIFINOKS Si fSa
guide de préconisation. Il doli LISNXYSGGNB t RSa LISNER2YyYySa

RSa R2yySSa T2dNyAS&a Si RS NBLfA&ESNI RSa
Calcul des ICMlonnées collectées, chaine de traitement
[

OKYy
EOSt
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au sein de la chaine de traitemenésildonnées@D7, développée également sous Excel. Le
O2dzLJ I 3S RS&a R2yySSa RQAYy@SydalANBa | oSO fSa
directs. Led NP OS & 4 dz&d Rdrects Nk éndiie étieJintEgyes via Simapro®, ce qui a
permis le calal des ICV et AICV.

Contréle qualité

Un contrdle qualité des données a été réalisé a deux niveaux. Dans un premier temps, les
R2YyYySSa RQAGAYSNI ANBa (SOKyAljdzSas NByaSadays:
été controlées par des experts exténis au programme AGRIBALY$Eans un deuxiéme
GSYLlas tSa R2yysSSa L/ + OFfOdz SSa LI NJ f QLbw!
fSa AyadAddzia GSOKyAldzSad /S R2dzwfS 02y (Nkf S
des inventaires produst

Produits étudiés

AGRIBALYBE LISNX¥A & RS NBIFfA&ASNI £t QL/ + RSa& LINAYyOA|
produits importés), selon une méthodologie homogéne. Legsowpes de produits font

références aux cultures ou aux animaux (été, mais, pulet de chair, porc, etc.). La
O2yaildNHz2OGA2Y RQL/ = NBLINB a S §rodpel de pddui)NI dyDESa (1LJ2
faite en agrégeant des ICV unitaires correspondants a des systémes contrastés
(conventionnel, biologique, AOC, déclinaisons régigndle SG O®PV ® / SGGS | ANB:
au cas par cas pour chaque production. En tenant compte des déclinaisons (systemes de
productions spécifiques), la base de données contient au totdél I3/: 80 ICV de
productions animales et 57 de productions vedésgAnnexe A)

Les produits étudiés dans AGRIBALYSE

Cultures annuelles Blé dur, blé tendre, betterave sucriére, carottapeseed
féverole, mais, orge, pois, pomme de terre, tournesol, triti

Prairies/Fourrages Herbe, luzerne, mais ensilage

Fruits et vigne Péche/nectarine, pomme, pomme & cidre, raisin de cuve

Cultures spéciales métropolitainey Rose, tomate, arbuste

Cultures spéciales tropicales Coffee clémentine, riz jasmjnmangue, cacao, fruit du palmier
huile

Production végétale 28 groupes de produits

Bovins Lait de vache, bovin viande

Ovins Lait de brebis, agneau

Caprins Lait de chévre

Volailles sdzFX LJ2dz SG RS OKIFIANE RAYR
Cuniculture Lapin

Aquaculture Truite, bar / dorade

Porcs Porcs

Production animale: 14 groupes de produits

AGRIBALYSE®: Methodology 12
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Représentativité
[ Q202SOGAT AYVBGARG RQPPWBYANI R$a L/ + RS

du marché francais. Cependant, au regard de la variabilité des pratiques et des conditions
pédoclimatiques sur le territoire, il est souvent difficile de construire une description
FANRY2YAlLdzS LISNIAYSY(dS RQdzy LINRPRdAzZAG Y2eéeSy FN
par mode de production et pertinentes au niveau agronomique ont été définies, &t on
LISNYA & RS O2yaA0NHZANB dzy LINPRdAzZA G Y2@8Sy CNI yOf

LI & Lz sGNB 20i0SydzS L}RdzNJ f QSyaSyof S®déS &
donc tenir compte de leur représentativité.

Limite des systemes (spatidmporelle)

[ S a2ads8YS O2yaAiRSNB®IIAIdzNI dz $H55S NS4 dR (B! dEEwjLdzQ L[ |
6LI2dzNJ £ S& Ay@SyidlANBSa RS LINRPRdAzOGA2yaA @S3ASGL €

inventaires de productions animales). Ceci impligue poes productions végétales

fQAYGSaANFrdAz2y RS tQSyaSvyoftS RSa LINRPOSaadz

62LISNY GA2Ya Odzf G dzNI £ S&ao Y | ké&oltest €vEnkiSlénuzdt A 2 v

effectués a la ferme (exstockage des pommes de terré&chage des céréales). Les ateliers

FYAYlLdzE &2yid t O2yaARSNBNI ldz aSya aiGaNaoOio
S

F2yOlA2yySYSyid R fQF St ASN) 0oNGAYSyi(a

RQSt SO IS &dzNJ f I F S NIUS FHaiteFedyi Guik & iy, §tcS) ¥abityhidlusR S

YEA&d £Sa 2LISNIFrdAz2ya RS GNIyaF2NXNIGAZ2Y
fromagere, etc.) sont exclues.

5l ya tQ202SO0AT RS NBFftAASNI RSAa L/ + | dzaaAh

actuelles, la période de référence retenue est la période 200E0.

Les émissions directes, associées aux productions animales et végétales, sur leur site de
production ont été modéliséeséepoint suivant), alors que les émissions indirectes liées a
la production des intrants utilisés sur le site de production ont été intégrées a partir des

R2YyySSa RS 0l &S &xisten@s, yrindpaldnent & @vent®@NIravail a

ALISOAFAILAzZS I SGS NBIFfAASAOXYIOSNY I yi f QlFftAYSY

Modelesde calculs des émissions directes
Les activités de production agricole engendrent des émissions directe C@xNH;, ETM,

t Y Y2fSOdzZ Sa LKedz2alyAldlANBas SGO0P0 FAYyaA
aux processus de production (consommati@Q S dzz 2 00dzLJ GA2y RSa

SYAa RlIyada fSa RAFFSNBylda O2YLI NLAYSyYy(a

0S|I dz

Chaque flux de substance a été modélisé par un modele spécifique, qui a été choisi comme

étant le plus adapté par mport aux objectifs du programme AGRIBALYS&Table 14

présente les émissions et consommations retenues, les postes considérés et les modéles

retenus.
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Allocation
La procédure concernant la gestion des allacaty &8 A QAYaONAR (G RI y A

internationaux. Pour les filieres végétales, les coproduits sont souvent générés lors de la
transformation agreA Y Rdz& § NA St £ S Rdz LINRPRdzA G F INRKs®2€t S

limitant & la phase de producin agricole (produit sortie champ»), la question de
fQLft20FGdA2Y RS&a AYLI OGA& | dzE RAFFSNBylGa
produits végétaux. Pour les productions animales, une allocation ditephysique» a été
YA&AS Sy ddzfNBPIRBESAFHI GSYLIAS fQlFfft20F0A2Y

Sy OftlaasSa RQlIyAYldzE O2yRdzAGS& RS YIFyAs
LK 23Sa 2G f QFff 20 (i phase yaShe lalfedzien radddibn), SigeA
allocaton déé A YLJ OGla SyiaiNB tSa RAFTFSNBydGa O2LINE
YySOSaalANSE t fSdzNJ StlFo2NrGA2yd [ Sa AYLI Oha
LINE RdzA &+ y i |jdzQdzy &aSdzf LINPRADEPERYVAAY&ESENKYE

classe énisse laitiere> seront affectés au produit vache de réforme.
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| 0ONBGALF GA2Y A

ACTA Association de Coordination Technique Agrieplénited Agricultural
Technical Institutes

ADEME 1 3SYy O0S RS f Q9YDANRYYSYS\#renshi
Environment and Energy Management Agency

AFNOR Association Francaise de NORmalisatiégimench Standards Institute

AGRESTE French Ministry of Agriculture, Food and Forestry agricultural
statistics, assessment and forecasting service

AOX Adsorbab¢ Organic Halogen

ASTREDHOR Horticultural Institute

BDAT Soil Analysis Database

BOD Biological Oxygen Demand

CASDAR [ 2YLIIS RQ! FFSOGFKGA2Y {LISOAI f
Ruralg Agricultural and Rural Development Fund

Cd Cadmium

CED Cumulatve Energy Demand

TERRES INOVIA Centre Technique Interprofessionnel des Oléagineux et du Chan
Technical center for research and development of production
procedures for oilseed and industrial hemp

CH Switzerland
CH, Methane
CIRAD Centre de coopérabn Internationale en Recherche Agronomique

pour le Développement International Ceordination Center for
Agricultural Research for Development

CITEPA /| SYGNB LYGSNIINRFSaaAz2yySt ¢SO
Atmosphériqueg Atmospheric Pollution Ingtte

CML Centrum voor Milieuwetenschappen Leidemnstitute of
Environmental Sciences

CN China

CQ Carbon dioxide

COD Chemical Oxygen Demand

COMIFER /I 2YAUS CNIlyeelAda RQ9GdzZRS Si RS

Raisonnée;, French committee for remarch and development into
rational fertilizer use

CORPEN I 2YAUS RQhNASyYyGl A2y LJ2dzNJ RSa
f Q9 b @A NRB KFreh& gdefriment committee for
environmentally friendly agricultural practices

CPS Crop production system

Cr Chromium

CTIFL Centre Technique Interprofessionnel des Fruits et Léguniesit
and Vegetable Institute

CTu Comparative toxic unitg ecotoxicity

CTy Comparative toxic unig human toxicity

Cu Copper

DB Database

DCB eq DiChloroBenzene equivalent
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DCM Data collection module

DM Dry Matter

EAA Effective agricultural area

EDIP Environmental Design of Industrial Products

EMEP/CORINAIR European Monitoring and Evaluation Programme / CORe INventc
of AIR emissions

EMEP/EEA European Monitoring and Bluation Programme / European
Environment Agency

ESA Angers 902ft S &dzLISNR S dzNBE - RnQersAdtikuldutal Schoadl

FR France

GDC Biard et al 2011, Guide De Collecte des donméeata Collection
Guide

GGELS Greenhouse Gas from the Euromelaivestock Sector

GLO GLObale, country code for ecoinveni&a ses with a worldwide
scope

GT1 ADEMEAFNOR Working Group 1: Alimentation et aliments pour
animaux domestiqueg Nutrition and fodder for domestic animals

GWP Global Warming Potential

h Hour

ha Hectare

Hg Mercury

IDELE LyaidAadiddzi Beeedin@lesfit@ed | 3 S

IDF International Dairy Federation

IDPS Inventory Data Processing System

IES Institute for Environment and Sustainability

IFV Institut Francais de la Vigne et du \ifRrenchVine and Wine
Institute

ILCD International Reference Life Cycle Data System

INRA Institut National de la Recherche AgronomiquErench National
Institute for Agricultural Research

IPCC Intergovernmental Panel of Climate Change

IRSTEA Institut nationd de Recherche en Sciences et Technologies pour

f QIY BANRYYSYS ¥ Natighal Rese@rcransdituiedAft
Science and Technology for Environment and Agriculture

ISO International Organization for Standardization

ITAB LyadaAdiddzi ¢S QkueBiplogguerOfyanic AdricliieO
Institute

ITAVI Lyadaddzi ¢S OKY ¢dRpunry Breefingfingtitute L O d:

ITB Institut Technique de la BetteravgeSugarbeet Institute

JRC Joint Research Center

K Potassium

kg Kilogram

km Kilometer

L Liter

LCA Life Cycle Assessment

LCI Life Cycle Inventory

LCIA Life Cycle Impact Assessment
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LUC Land use change

m? Square metes

mAyr Square meter year

MELODIE Modélisation des Elevages en Langage Objet pour la Déterminati

des Impacts Environnementayg Object Oriented Language Model
of Livestock Farms for Determining the Environmental Impact

N Nitrogen

N.O Dinitrogen monoxide

NH; Ammonia (azane IUPAC)

Ni Nickel

NO Nitric oxide (nitrogen monoxide)

NG Nitrate

NOx Mono-nitrogen oxidegnitrogenoxides NO and N

OFP On-Farm Production

OoM Organc matter

P Phosphorus

P.Os Phosphorus pentoxide

PAN Plantavailable nitrogen

PAS Publicly Available Specification drawn up to British Standards

Pb Lead

PQ* Phosphate

RER Europe, country code faecoinvent®lata ses with a European
scope

RM Raw Materials

RMQS Réseau de mesure de la Qualité des &élench soil quality
measurement network

RUSLE Revised Universal Soil Loss Equation

SALCA Swiss Agricultural Life Cycle Assessment

SALCATMRH Swiss Agricultural Life Cycle Assessment, trace metal flux model
France

SALCA Swiss Agricultural Life Cycle Assessment, nitrate flux model

SALC# Swiss Agricultural Life Cycle Assessment, phosphorus flux mode

SALC/ASM Swiss Agricultural Life g Assessment, trace metal flux model

SCEES Service Central des Enquétes et Etudes Statistiquzentral
Statistical Service

SFP Main forage area (Surface fourragére principale)

SQeq Sulfur dioxide equivalent

SQCB Sustainable Quick Check for Biels

SSP Service de la Statistique et de la Prospecti¥@ench Ministry of
Agriculture Statistical and Forecasting Service

STICS Interdisciplinary simulator for standard crops

t Tonne

TAN Total Ammoniacal Nitrogen

™ Transport Model

TN Total nitrogen

TSS Total Suspended Solids
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UMRSAS Unité Mixte de RechercheSol, Agro et hydrosysteme Spatialisatic
¢ Joint Research UnitSoil, agriculture and hydrosystem
spatialization

UNIFA Union des industries de la fertilisati@iJnion of fertilizer prodaers
UP Unprocessed products

VA Suckler cow

VBA Visual Basic for Applications

VL Dairy cow

WM WholeMatter (dry matter + water)

XML eXtensible Markup Language

Zn Zinc

LYGNRRdzOUGA2Y

Background and aim of this report

When producing Life Cycle Assesatse(LCA) for agricultural processes, it is necessary to
select the methodology to be used for defining the systems studied, the functional units, the
systemboundariesandassessment perigdas well as the models and their parameters to be

used for calcwting direct emissiongforeground) impact indicators and characterization
methods. This report gives a detailed description of the choices made for the AGRIBALYSE®
program. It is not a guide and its contents are not intended to be used as recommendations
However, it could subsequently serve as a basis for drawing up a guide to the AGRIBALYSE®
methodology.

The methodology described here was applied to produce Life Cycle Inventories (LCI) for
agricultural products in France and for certain crops grown sea&s, as part of the
AGRIBALYSE® program.

This report is intended for those wishing to produce an LCI using the AGRIBALYSE®
methodology.

This report covers the four phases of Life Cycle Assessment defined in ISO 14040 (ISO,
2006a) and 1SO 14044 (ISO, 26006

Life Cycle Assessment

LCA is a technique for assessing the environmental impact of a product or service
throughout its life time. An LCA is carried out in four distinct phases and can be used to
compare different products and determine how their emrimental performance can be
improved. According to the ISO standards (ISO, 2006a and ISO, 2006b), the four phases are:
« Definition of the aims and scope of the study. This phase presents the problem and
defines the aims and scope of the study
v The inputs (gtraction of resources, means of production) and the outputs
(emissions, products) required to produce the function of the system studied
' The impact assessment based on the inputs and outputs identified in the previous
phase
« The interpretation of the restsd from the previous phases and evaluation of the
uncertainties
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PatAC5 STAYAYI (KS FAYa yR a402L)S 2
A.1 Aims

A.1.1 The AGRIBALY%&ogram and background to this report

There is currently an increasing awareness in Europe ofetmgronmental impact of
economD | OGAGAGASEAST Ay LI NIAOdz | NI F INR Odzf i dzNEB «
marked a major turning poinsetting out ambitious aims, in particular that dabeling

current consumer products wittheir environmental impact. The law applying the Ge#a

RS fQO9YOBANRYYSYSYild NBIldZANBR GKIFIGZ FFOGSN |y
effect from 1 July 2011consumer products including food should be labeled to shiogv
environmental footprintof the product includinggreenhousegas emissionsThe ADEME

was commissioned to develop the methodojodor this programin cooperation with

AFNOR. Taresulted ina definition of thegeneral principles and a methodolpfpr labeling

products with their environmental footprintBPX323 (AFNOR, 2011).

Thiswork was also part of more @neralinternationalactionson the environmental impact

of products the European LCD database and the ILCD (JRC and IES, 2010a).

The diversity of agricultural products and the need to harmonike assessment
methodologes used in differenttypes of farmingrequirescoordination andaggregation of

the LCHatasets

The ADEME also produced a bibliographical analysis offawCAgricultural products
(EcointesysADEME, 2008) and organized a conferencprésent anddiscusshe results in
October 2008. The cderence cowrluded that LCA was suitable for assessing the
environmental impact of agricultural producthat the results dependd on the production
systems and the methodolggused that certain indicators needed furtér improvement
andthat there was dack of LCA studies @griculturalproductsin France. It was also clear
that there was a need to harmonize methods aralorizethe databy incorporation into a
database.

It was clear that a joint program needed to ket up to create a database far French
agricultural product.Clusing a harmonized methodology.

This report sets out the choices made by the 14 partners in the AGRIEALYBEM when
drawing up the AGRIBALY8&abase. These choices reflect:

+ the requirements, recommendations and considerations defined in the AGRIBALYSE®
Data Collection Guide,

 the decisions taken on methodolgtyy the AGRIBALYSHeering Committee,

v the assessments carried out and decisions taken at the seminars on mefirods
calculding direct emissions and the quality control of the results.
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A.1.2 Aims ofthe AGRIBALY 8Eprogram

The aim of the programwas to create auniform, public LCI database of French agricultural
products and develop aethod for LCAs thatvas suitable for the agrialtural sector. A
method was sought that would providearmonized widely acceptedresultsfor different
types of farmingso that it ®uld be used by as maryusinesses as possible

AGRIBALY3ad two aims.

+ 1. Provide the information necessary for envinmental labelingof food products
AGRIBALY3ECIdata ses will be availabldor incorporaion into the IMPACTS®
public databaseThefinal selectionof the AGRIBALY®Hata ses for incorporation
into the IMPACT® database depends on thdMPACT® databsse steering
committee

« 2. Provide standards for the agmdustry to help environmental assessments and
actions toreduceenvironmental impacts The collection ofnethodologiesselected
will provide a starting point and standards for subsequent LCAs ahpraxide
support for projects seeking to improve agricultural practiEodesign.

This database should improve the international visibility of French research into life cycle
inventories Details of theorgankiation, timetable andachievements of thgprogramcan be
found in thereport & ! DwL . 1 Asseqs@ent and lessons for the futti(€olombet al,

2013)

A.1.3 Deliverables

To meet these two aims and ensure the confidentiality of certain information, the processes
were grouped into three classes, depemglion the aim
« Affichage abeling, information made available for environmental labeling
v OAGRIBALY®Einformation not made available for labeling but published in the
AGRIBALY®Hatabase
« Interne (nternal), for unpublished, confidential information

The three outputs from theAGRIBALY®p@rogram were

v The AGRIBALY®Hatabase inEcospold/ILCEbrmat containing the LQlata ses for
unit processs, drawn up and classifieiGRIBALY®EL36 LCldata ses, seeA.2.1),
and around one hundred LClata ses for agricultural inputs obtainednainly by
converting LCdlata ses taken from databases external to the project

« For each LQ@lata sef a summary was produced giving theopeand keydata for the
production systems together with a list of inputs and certeesults from the LCI and
LCIA

« A list detailing which of th&36 data ses produced were available for labeling

An overall summary of thelata ses produced and theirclassificationis attached at
Appendix A. Information onaccessig thedata ses and summaries is set out in the report
a! DwlL . 1Assedsfieht and lessons for the futtire 6 / Z2faR2018)
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Note onILCDlormat: TheAGRIBALY®Hatabase complies witlF50 14040 (ISO, 2006ed

the ILCDhandbook (JRC and IES, 2010&jhe recomnendations in the ILCDhandbook
depend on the goal and main application of the LCA s{&d$ F A y SitRationsdé Gidren
aim 2 of the AGRIBALY®Eprogram (supplying data for agroindustry environmental studies)
the LCldata ses in the AGRIBALY®HEatabase are tajeted for situation Ad a A @WPR
RS OA & A 2 Y{JURE dadJER, RA)Ga

A.1.4 Users of the results from théGRIBALY &program

The LCHata set in AGRIBALY@®Ehat will be made available for incorporation into the
IMPACBRdatabaseare intended to be sed by
« Consumers to be able to compare everyday consumer products using the
information on environmental labeling
« The agroindustry, for actions to improve the environmental performance of the
business
+ Policy makerdor defining government policy

A.2 Sope

The scope of the study was defined to ensure that its breadth, depth and level of detalil
were compatible with, and able to meet, the aims of the studifre followingchapters
provide the information required biSO 1404@nd 1SQL4044 (ISO, 2006nd ISO, 2006b).

a Ldgfining the scope of an LCA study, the following items shall be considered and clearly
RSaONXGSRE

The product systems to be studied (s&2.1)

The functions of the product systenseeA.2.1)

The functional unit¢seeA.2.1)

The productsystem boundarietseeA.2.2)

The data requirementtseeA.2.3)

The data quality requiremen{seeA.2.4)

The type of critical revie\iseeA.2.5)

The type and format of the report required for the stu@eeA.2.6)

The allocation procedurgseeB.3)

The wpes of impact and methodology of impact assessnfse¢Part C).

(L«
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A.2.1 Product systensstudied and their functions

A2.1.1 Product systems studied

AGRIBALY3HBocusesexclusivéy on agricultural product systems in France and certain
products imported from tropicalauntries 1ISO 14044 (1SO, 2006i)d thelLCDHandbook
(JRGINdIES2010a)0 2 U K IA GBS |  @GSNE 0 NP .IWhenRnS TSONED A 2y
RSTAYAGAZY 27T ,catiNEGRBMYGHata detiepresedislonk Fdvluct
Given the considerabldiversity in agricultural product systemAGRIBALY®htroduced a
hierarchical classification to present the results more simplyhe hierarchical levels
oproduct goupé and éproducte are defined as follows

« Aproduct group brings together similaproduct variants.

' Theproduct variants distingush different productsysems according to parameters

such aghe productionregion, the production system and the production method

The product groupsvere selected by analyzing the agricultural products most comgnonl
consumed inFrance BIOIS 2010. The product variantswere defined according to three
criteria: (1)typicalproductsysem, (2)unusualproductsysem and (3) new product system
The product variants were selected by each Institute depending oneipertise and its
resources within the framework of therogram,and thenconsideredand approved by the
project leaders andADEME

The analysis othe agricultural product systems presented Trable 1 is based on tis
terminology.
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Tablel: Productgroups and variantanventoriedin the AGRIBALY®@grogram The detailed
list of LCldata sesis attached a”ppendixA

Number of

Sector Type(the p_roduct groups are given Number of product Total number
in bracket3 product groups : of data ses
EUERS
Annual cropgdurum wheat soft
wheat, sugar bget ca_lrots, rapeseed 12 o8 48
_ faba beansgrain maizebarley,
S | peas paatoes sunflowers triticale)
3 Qrasslan@_lforage(grass alfalfa, 3 16 20
S silage maizg
2 Fruit (peachegnectarines,
= ) . 4 13 35
° apples cider appleswinegrape9
) Special crops grown in Fran¢eoses,
g 3 6 21
b e tomatoes, ornamentalshrub$)
Special tropical cropgcoffee,
clementines, jasmire rice cocoa, 6 6 11
mago, oil palm fruif
Total | Arable / horticultural 28 69 136
Cattle(O 2 énfiig beef cattle veal) 3 14 26
Sheep(@ K S S LIQains)Y A £ | 2 2 7
Goats@2F 1 Qa YAf ] 1 1 3
S Poultry (eggs broilers turkeys ducks
o] ) : 5 15 21
2 for roasting ducks for foie grag
£ | Rabbits(rabbits) 1 1 2
- Aquaculture(trout, sea bas¢ sea
3 3 3
bream)
Hgs(c_onventlona,l Label Rouge, 3 8 16
organiq
Total | Livestock 18 44 78

ACKS (GSNY GaKNHzoaé RSy23083 2NYIYSYyBlI KO2ENNY BHKENB 6y A B HAl 6 RO € AR

Thedifferenced SG 6 SSy ( K SproduftazYian&NJ 2R (1 KS & (data | f
sed ¢ Tablglis the number of internadlata ses.

Agricultural productio systems are often used for sevemlrposes:a singleproduction
systemmay provideseveralco-products (for example: milk ¢ ved ¢ cull cows. To allocate
the environmentalimpactssatisfactorily these production systems were broken down into
severalunits. Forlivestock classe of animds were definedfor example: ved/heifer/ dairy
cow for a dairy farm. For horticultural systems a distinction was drawn between the
various productionphasesfor vineyards and orchardor example nurseryestablished
orchard. The LCdlata setfor an AGRIBALY®groductmay, therefore pe based on
v a ecificdata set ved or durum wheat

+ the averageof severaldata ses (production phases or internal data ses): lowland
O 2 g Q §cid¥r mdples or carrot&eeAppendix B)
« adata setcreated byallocaion to a co-product: cull dairy cow
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A.2.1.2 Defining functions oforoduction systems

Given the aims of theAGRIBALY®program the studies were focused oproduction

systens for the provision of foodi.e. the supply of agrictdral products for human and

animal consumptionin generalthe function of the system can be defined asii KS LINE @A & A
of agivenquantity of agricultural produc(animal @ plant), at farmgate, (1)with a precisely

defined level of qualitpr (2) with a definedcompositiorz.

¢tKS GSNY GoAdK | RSTAYSR O2comaédrand andafefyof | LILI A
different production systems an@presenta mix of thesedifferent sysems ¢ KS G SNY a6 A
I LINBEOAaSte RSTAYSR dtepdductdsgefoliowmgexdmplesg | LILIE A S

Defined level ofquality (sugar bee} or defined composition of a product (potato),
documented in the summaies.

Sugar beefspecificdata se): data setfor the production of 1 kgsugar beet with 16%
sugar conteh

Potato (averagedata se): data setfor the production of 1 kg potatoes with different
production systers, at 80% moisture content This is an \eerageof the data set for
potatoes grown for the food industr{28%),potatoes forthe fresh market excluaig firm
flesh varietieg52%)and starch potatoe$20%).

Thisdistinctioncannot be applied to two special French plant prodyotses and shrubsas
their function is not intended to be used for food but to meet othensumerdemands

Other functions of agricultural production systemssuch as th& contribution to
biodiversiy, land development and thegeneration of income for farmers are not
consicered asco-products and flows have notbeen allocated to thee functions

A.2.1.3 Naming onvention

Thedata sés are named in accordance with the recommendations inltf@Dhandbook
(JRGand IES 2010b) As English is the official language of th€D all thedata set in the
AGRIBALY®Mre in English and Frenchhe naming convention used (see rulel7 ¢ JRC
and IES 2010b):Base nameiTreatment, standards,outes; Quantitative flow properties;
Mix type and location type(Table?2). Forcompatikility with other naming conventionfor

exampleecoinvent®8.2), the orde of the last two elements has been invertadth respect
to Rule 17

Table2: Naming convention

Element Frangais English
Ba® name Blé tendre, grain; Soft wheat, grain;
Treatment, etc conventionnelpanifiable; | conwentional breadmaking quality
Flow properties 15%R Q K dzY;A R A (i § 15% moisture
Mix and bcationtype | sortie champ. at farmgate

The final name in this exampledSoft wheat graingonventional;breadmaking quality, 15%
moisture; at farm gateé Ay 9 y@Ié terdi€, glaiy €dnventionnel, panifialel; 15%
RQK de&:%sditiechamp Ay CNBYy OK®
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A214 Functional unit

The functional unit quantifies theystem function and its performance characteristids is
used to provide a measure farormalzing (in the matrematical sen®) the inputs and
outputs.

As was appropriate fahe productfunctions (seechapter A.2.1)the functional units in the
AGRIBALY®Hata ses are usually defined as units of masswawlume providedthat the
density is specified 1 g or 1 liter of product. Depending on thenature of the product,
additionalinformation isgiven (for example the moisture content or fat conternjtin the LC
data setname and in the metadata
The functional units used are

' Forarable and horticulturaproduction: kg of whole matterto the standardsequired

(moisture, sugar, protein contents of the product at the farm gate
' For livestock

- for meat animalskgof live weight

- for milk: kgof milk corrected to4%fat and3.3%protein)

- for eggs and wookg

Specific functional units were selected for the following cases

' Where the normal sales unit is not by weight
1. Shrubs the functional units for shrubs agd O2 y (i A Y SNJ .ANR gy & K NHz0
2. Rose: the functional units for roses arél00 Odzii Ff 2¢g8WNEthsiSYasé
approximately the annual yield fromrt?).
' Where the calculation unit is the dry matt@orage
1. Hay the functional units arel kg of dry matter afterdeduction of harvesting
losses(cutting and baling details Table 166 Appendix L). To ensure that the LCI
assessments for livestock and arable are compatible, the functional units for
grazd grassare defined askgwhole matter (with 20% dry matte).
2. Alfalfaand silage maizethe functional units ard kgof dry matter.
' Speciacases
1. Coffee: The functional units ard kg of green coffee beans after drying and
removing the pulpas most economic statistics use these units.
2. Qarrots and fruit: the functional units arel kg of whole product sold for fresh
consumption(1% grade or for the food industry(2™ grade.
3. Ckmentines: The functional units arg kgof whole product for export
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A.2.2 System boundaries

A.2.2.1 General rule from cradle to gate

AGRIBALY®Ras set up to produce L@ata set for the main French agricultural products
for incorporation into the ADEMBVIPACS® database This data is intended for use by
businesses downstream of the farm gafeGRIBALYSE® did not, therefore, take account of
the processing, consumption and end of life of food produdss.a resultthe generalrule

for AGRIBALY®ECI is to use theradleto gate system boundaries

This implies that forarable farming and horticultural productgproduced in France o
abroad for tropical produclsaccount is not taken gbost-harvest processes which may be
carried out on the farm(such as storing potatoes or dryiggain).

To be consistent between products, transportation between the field and the storage area
in the farm is accounted for all crops, except for products going directly to processing units
without onfarm storage (grapes and beetroots). More detail is provided Appendix D,

Datasheet 16.

A.2.2.2 Production system boundaries

a) Processs incluled
In AGRIBALY®Eeachdata settakes account of all the processes and inputs required for the
productionof an agricuural product from cradle to gateThisdefinition of the boundaries
is consistent with those used f@ESTIMGacet al, 2010)and ecoinvent® Nemecekand
Kéagi, 2007).
Theprocesgs consiéred are
«  For arable and horticultural products
V  Production of see@ndplants @ursery for horticultural plants and fruit tregs
V  Production and application of activeubstancesin pesticides (herbicides,
fungicidesjnsecticidesand otherg
V  Production and application of minerrtilizers
V  Application of organidertilizers. The production and or processing of organic
fertilizers were taken into account where suitable d&fa ses were available
(eg: feather meal, sed\ppendixG). For the application of organic fertilizer from
the farm, phantom data ses, procesgs without any environmental impagt
were set up to ensure that direct emissions resulting from tagiplicationwere
calculated correctly and to simplify therification of the data ses
V  All operations such agreparation of the soil| drilling, pesticide appliation,
fertilizer application tending the crops harvesting transport to the storage
area, managingintercrops (if appropriate, including the manufacturing of the
machiney and construction of buildingsnaintenance and storag@heds/barns
or open stoage spacgas well as the fuel required for the operations
V  lrrigation including the water used and the energy consurfssgchapter B2.2)
V  Direct enissiongemissionsrom the fields and emissions from the fuel used for
power and heatiny
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«  For livestock
V  The fabrication of feed (production of raw materials and processipgand
transport to the farm for boughin feed and raw materials
V  Theproduction,harvest storage and distribution of fodder
V  The use of grassland including for grazemress tautdoor runsfor poultry and
fieldsfor pigs
Watering in terms of water consumed by the animals
Breeding genitors angroductionof young animals
Livestockbuildingsand the machinery require@milking parlorsincluding milk
tank, stabling, waste storage systemgeed storage silos etc.), including the
manufacturingof the machines construction ofbuildings their operation and
storage areagshed/barrigarage)
V  Cleaning equipment and buildingad cooling systems
V  Directemissionsassociated with the animalgumination), waste management
in the buildingsstorage areagpasturegruns/fields and from the fuel used for
power
V  Fossil fuels requiretbr heating buildingsetc.

< <<
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Hgures 1 to 9 show the boundaries for the various types of system covered by

AGRIBALY®E
___________________________________________________ I
Uprooting at Other inputs Mineral and Pesticides| | Watering| Nursery* or
end of life organic fertilizers raising from seed

orchards, vineyards and
speciatropical corps)

Direct Main product | Coproducts
emissions at farm gate

1

1 1
1 1
1 1
1 |
1 1
1 |
1 |
1 1
1 |
1 1
1 |
! Plot (permanent crops: :
1 — 1
1 1
1 1
1 |
1 1
1 1
1 |
1 1
1 |
1 1
1 1

*Nurseries are also modeled as permanent crops

Figure 1. Boundaries for permanent crop systems such as orchards, vineyards and special
tropical cropqcoffee, cementines)

Mineral and |Pesticides| |Watering| | Sowing seed | | Energy :

organic fertilizers 1

Other inputs

Plot (annual crops and
forage / grassland)

Direct Main product | Coproducts
emissions at farm gate

Figure2: Boundaries for annual crop systems suclioaggeand graskand
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| Mineral and Other inputs| | Pesticides | | Watering Seed Buildings / Energy
1 organic fertilizers| sowing infrastructure
|

|

|

|

|

1

1

1

1

|

1 q

| Plot (special Frenckrops)

|

|

|

|

|

|

| Direct Main product | Coproducts |
| emissions at farm gate

1

L

| Grazing grass | | Drinking vater

Standard feed

' Buildings /
mixes

infrastructure

A

Dairyfarm(O2 6 Qa > &aKSSLIQA&
FYR 32FGQa )YAf ]l LINRRJzOUA

Direct Cull animals Calves / Lambs / Dung and urine

emissions Kids

Figure4: Boundaries for milk production systerws, sheep andjoats.
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Grazing grass| | Forage | | Basic feed | |Cleaning Water| |Drinking w;lter| | Energy

Standard feed

' Buildings /
mixes

infrastructure

Farm(suckler cows and shegp

Direct Cull animals Calves / Lambs / Dung and urine

emissions Grass calves and
lambs / Heifers

Standard feed | Cleaning Wate||

| Drinking water | Buildings / fields
mixes

/ pens

Energy

Farm(pig9

emissions

Figure6: Boundaries for jg production systems
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Standard éed Cleaning wate|| | Drinking vater Buildings /
mixes outdoor runs

Farm(egg production

Direct
emissions

Cull hens Dung and urine

Standard feed | Cleaning Wate||

| Drinking vater Buildings /
mixes

outdoor runs

Farm(poultry and rabbit¥

Direct
emissions

Poultry / Rabbits Dung and urine

Figure8: Boundaries for the production qfoultry (chicken turkeys ducks geese, etcand
rabbits
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Standard feed

Infrastructure / | | Other inpus |
mixes

Mechanization

Fish farm

emissions

Figure9: Boundaries for fish farmingroduction

b) Processs exclaed
The followingproduction processegqTable 3) were not considered fortadeast one of the
following reasons
« Theyareindependent of agriculturaproduction (cobmn 1, dF¥)
NoLCldata ses are availablécoumn?2,no LCldata setd b | €
No characterizatiormethodsare availablgécoumn3,nomS & K 2 V) & b
The procesgs were mnsidered tohave anegligibleimpact (coumn 4, negligible
iYLI OG) ablLé
No data available for the inputs considerécblumn 5, GND¢)

C € «

N
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Table 3: Proces®s and production methods not taken into account in thAGRIBALY®E
program

Proce Droad 0 ethod not take O acco P D
(a) livestockarable, horticultural andropical products
Residential buildings or systems awtivitiesthat are not
strictly agricultural
Cleaning products X
Labor X
(b) livestock production
Veterinary products and treatment X X
Artificialinsemination of animals X
Smalltooling, conaimables X
Electric wiring in the buildings X
(c) arable and horticulturalrpduction
Production (and transport) of biological pest contro
agents (auxiliay insect3, pollination agents used in X
market gardening andrboriculture
Pesticideadditives X
Irrigation equipment for outdoor crops X
Smalltooling, consimables X
Application oftraceelements X

A.2.2.3 Assessment period

a) Arable and horticultural pducts

The plant datasheets were drawn up for individual crops and notfopping sequences

This corresponds to the purpose for whi&kGRIBALY®Evas designed: to produce a
database for gricultural products

In genera) plant datasheetswvere drawn up for the periodt K+ NISaid (2 KIF NBSa
GdaSSR be&ause$h R generally accepted for l(@ked,for example, for ecoinvent®

data sek). However certain fows were allocated beteen cropgor the cropping sequence

reported in the 2006 Service de la Statistique et de la Prospective (SSP) crop practice study
AGRESTE, 20G&¢B.3.3).

Theassessment perioddependced on the type ofproduct
~ For annual crops
Theperiodis harvest® harvest Depending on the data collectiguide,the data set
for a crop starts at the time the previous crop was harvestedess a intermediate
catchcrop is growrfor sale Asintermediatecrops are rarelgold the date when the
previous crop wasdrvested is used as the start date mnual crop_Cldata ses.
« For grassland
a) Forpermanent meadowthe period is one year from January'to December
31st
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b) Fortemporary grassland and alfalfthe periodis the time taken to plant and
produce themeadowuntil it isreplaced(four years.

' Forfruit, grapevines clementines and coffee
Theperiodis the lifetime of theplants from the timethey areplanted untilthey are
replaced

« For the special cas€$) (roses, tomatoes and ricg the period for crops with several
harvests a yeafregardless of whether these are as for tomatoes and roses
harvests of the same crop that last over several months or harvests of several crops
sown successivelyas for ricgd was extended to one year hisallows br differences
between the various growth cycles within the yeafeg 3" rice harvest with low
yield).

« For the special cas€®)
For crops such as shrubs which do not have a harthesperiodis thegrowingtime,
from the start of production to removatdm the field

b) Livestock

For livestockthe production system wasubdivR SR Ay (2 & I (figué IDE Thi©Of | 4 4 S«
made it possible to define the inputs and outputs of eacmponentin livestockproduction

and take account of thehanges in thgroupsof animals(herds batches etc.).

Dairy cowg, Calf (birthg 1 week)
Dairy cowg Calf (1 week weaning)

Dairy cowg Replacement heifer
(weaningg 1 year)

Dairy cowg Replacement heifer
(1¢ 2 years)

Dairy cowg Replacenent heifer
(+2 years)

Dairy cowg Dairy cow in production

FigurelO: Sequencef the various classes of animals for a dairy farm

As a general rulghe periodruns from January®ito December 31st
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If the production cycle is less than one ydaabbits, pigs calves poultry and layery the

data is collectedor a completeyear taking account of several batcheBhislonger period

makes it possible téake account ofvariations in production over a year, as for crops

2NRSNJ (2 & AnyahpiodluctiorSsystemsk iis egssary to account for incoming
FYAYFEa albd 60ANLK adr3Seés gAGK (GKS AYLI OdGa
G!yAYlfa 6A0GK n RIFEI&¢é¢ YR GKSANI SYyoSRSR AYL
allocation rule The detail is provided Annex D,

A.2.2.4 Boundary between plant and animadroduction (for allocating flows)

a) Management of manure

For managing manure¢he distinction between animal and plant production was defined in
the usual way(Fgure 11, based onGESM). The various stages of managim@anurewere
identified and allocated to plant or animal production as appropriate

Treatment Storage and
(optional) mixing

Livestock
=5
K Livestock farm - - /

Figurell: Boundaries of livestock and plant production businesses for managing manure

Emissions from any formef treatment (nitrogen reduction composing or anaerobic
digestion), staoageand mixingmanure are allocated to the livestock production system and
the emissions associated with loading, transport and spreading are allocated to the plant
production systen which applies the manure

An average distance of 10 km is used fiansporting the manure(and other organic
fertilizers) between the two types of farnjdefault dstanceused byecoinvent&or transport
between the point of sale and the fajm

b) Forageproducedon the farm

Forage and other basic feed produced and usedthenfarm (cattle foddel) and grazing
grasswere treated in the same way as forage to be sditie LCI waallocatedbetween
livestock and arable farms / horticultural businesses in thiedang way

! The batch as such is not an envinsental impact analysis level AGRIBALY®E
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< Arable farm productionof foragel y R & (i NBilage {a$lg0a hay)

« Livestockstarageanddistributionto the animds
A transport process was added for forage purchased by the (seeB.2.3)
When the forageas an input for the livestck farm, & individualLCldata setwas set up for
each type of forageConsequentlythe pasture or more precisely the grazed grass,also
represented by ainit processFor operationsthe direct emissions associated with grazing
are divided into twocategorieqseeHgure 12):

+ Volatilzation and leaching from excretiong¢see green arrows ifigure 12. These
emissionsare included in theunit grazed grass process as they are considered as
emissions due to a fertilization proce$r all types of gratand studiedonly cattle
are considered to be grazing anim@deeB.3.2.8).

« Emissionsof methane from enteric fermentationand methane associated with
excretion of feces (brown arrows Hgure 12) These enissionsare included in the
animal production pocess

This distinction igechnicalrather than practicalOnce the grass has been grazed by the
animal all theemissionsassociated with grazing are allocated to the animal

Livestock farm

==

)
@)
I
SN

Arable farm ﬂ
K N 03-1 PO43-1 j

Figurel2: Boundaries folivestock and arablé horticultural productsfor grazing emissions
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A.2.3 Data requirements

A.2.3.1 Timerelated representativeness

Thereference periods the periodrepresented by the dataAs a basic ruldn accordance
with the AGRIBALYSE® data collediade the data collected covers the years fr&#@05
to 2009.Thisperiodwas selected to ensure that the data collected

' Was sufficiently recent at the time it was collected to ensure that theda@ set

provided the best representation of current agricultupmhctices
« Covered several years to prevent any bias arising in theldt@lses owing to an
exceptional year

The source data statistics for annual crop growing practices only cover part of this.period
The representativeness of this part of the datdlected was ensured by adjusting the data
according to experbpinion. This also applied to theéata ses for fruit, vegetables and
shrubs most of which were based on expeaspinion (with specificexceptionssuch as data
relating to pesticide inpuls

The data set for special tropical crops and French crgpsses) were based on speit
studies undertaken during the reference period

A.2.3.2 Geographical and technologicagépresentativeness
The spatialrepresentativeness of thedata ses is given in the metadatand their name
When adata setis said to be representative at national sc@data setwith national scope=
Gy I G xaayskt], this has alwaydeen achieved by taking account of the agricultural
practices ofvariousproduction systemsThis was doneither by entering the data direct,Iy A
ipto a sjngledataAsgt indicating the frequency of each production practidea A y 3 G KS &I |
(OF~ 3[ O S)l\by’tiyat'\’/e'ragingse\feraliAndividu,alda}ta ses. A o
¢ KS aydatadeB ¥ | B SNEX UKSNEaENEZ aSiu dzLJ dzaAy 3
~ statistical data entered directly into theata collection modulesugar beet, durum
wheat, soft wheat rapeseed faba beans silage maize, grain maizsunflower,
triticale, standardpork - France
« atypical or average case based on expeqinion or asingle studyshrubs coffeg,
clementines, all plant data ses for organic farming(soft wheat faba beans
peaches/nectarines, apples tomatoes, triticale), cider applesgrassland
~ an average of products with different production systemsconventional ceots,
alfalfa, malting barley, feed barley conventional peachésectarines, peas
conventional applegpotatoes(excluding starc)) grapes for winemaking roses, Thai
rice, tomatoes forthe fresh market, tomatoes forthe fresh market in unheated
greenhause,French milkFrench beefeggs poultry, turkeys
« For palm oil fruits, a modular approach as been folloWdssou et al. 2013). Data
come from one plantation extended on two districtsvhich isdivided into gveral
plantation «blocks» correspondingo different plantation phasesClimate and soil,
as well as farming practices are considered homogenous in all blocks. Compiling the
blocksenable to have data for each phase of the plantation cycle.

%Five annual data sets were set up for sugar beet and then averaged
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Table4: Overview of the rain datasourcesfor the data set and the approach for setting up

the data ses.

Note: (1) The carrot LGdata ses (several regional variantsAquitaine, Lower Normand/ and production
periods spring fall, winter) were based mainly on expert opinidoX (E)€), whereas the national L@hata set
(& -ND)é) was set up bywveragingvariants (cf AppendixB also.

(2) The LQdata set for other annual cropéoft wheat durum wheat,etc) were based mainly on data from
agricultural statisticsTheproductvariants and nationatiata ses were based on direlgt entered data(6X€).

Main data sarce

Data set

>
ke
§=
2
oy

ND =National data set
V =Product \ariant

Directdata

Statistics
Typical case
Expert opinion

Arable and horticultural
Annual crops
Sugar beetbarley, peas X (\ND) X V) X
potatoes alfalfa
Carots, triticale X (ND XV X
Organic farminglata ses X X X
All others X X
Grasslant X V) X
Fruit
Apples peachesgrapevines X (ND X V) X
Ciderapples
Special French crops X (\ND) X (B
Tamatoes and roses X (ND XV
Shrubs X
Speciatropicalcrops
Rice X (ND XV
CEementines and coffee X
Livestock
/| 26 Qa YAfL] X (ND
Beef X (\ND)
{ KS SriliQ a
Lamb
D2FGQa YAt
Poultry X (ND
Rabbits
Fish X (ND
Figs XV X
1) Specialinit procesgs were set up for the various standard casé®e nationalata setis an aerageof the special unit
processes
2) The various standard cases wereeaageddirectly into one single process indicating the area concerned for each crop
production practice

3) There are no nationadlata set for grasslands in France as the grasskdeid ses were set up to meet the needd$ o
livestock productiordata ses.

X | X | XX

x| X

XXX XXX | X | X
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AppendixB gives the various methods usedAGRIBALY36r calculating the nationalata
sets.

A.2.3.3 Direct emissions

For direct emissions into the environment, the flowssobstances (N§)active substances
in pesticides etc) were taken into account and not thimdicators (AOX,COD B, etc).
These flows were calculated using various mo¢sdeChaper B.2.4).

A.2.4 Data quality requirements

A2.4.1 Individual data auality and overallquality of the LCHata set
AGRIBALY®KHses thregquality levels
~ Quality of individual data input

The ecoinvent® 2 Pedigreematrix (Frischknechet al, 2007)was usedo assess the
quality of data entered directly into thelata collection modulegleg: quantity of
fertilizer applied, daily quantity ofebd mix distributed to animals)his approach
was used to determine the confidence interval for data and define the data quality
uniformly across the variousata ses in the databasd~or efficiency and uniformity,
only the type of the source from whigbarticular data was taken was assessed and
this assessment was then applied to all data taken from this source

+ Quality of directemissionsin the field and on the farn(calculated data
For the direct emissionsthat were calculated using modeléee B.2.9, the
ecoinvent® 2.pedigreematrix wasappliedto the model concerred.

« Overall quality of the whole LCtlata set
To meet the ILCD requirementbe scorefor the overall quality of the LClata ses
was calculated by applying the methods defined in th€DHandbook (JR&nd IES
2010a).

A.2.4.2 Quality of individual data entered

In accordance with the AGRIBALY8&® collection guidgBiardet al, 2011a)the various
typesof datasourceswere classified as follow3 able5):
« Satistical ources, divided inta

- Well documented ttistics accessible to the puhlic

- Statistics with limited access or scientliterature, accessibléo the public
v Typical ass divided inta

- Well documented typical case

- Typical case with little sygorting documenttion
« Expert opinion
+ Individual casé estimate
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The pedigreematrix (Table 6) was used as standardby ecoinvent®Frischknechet al,
2007)to describe thevarianceof data and assess thguality. The values of five indicators
are processed using a mathematical formidagive a confidence interval 856%.

Table5: Typesof data source sed in theAGRIBALYSEIN2 INJ Y YR GKSANI dal
(lognormal distribution conflenceinterval) bagd on theecoinvent® 2.(pedigree matrix
(Table6). A low value indicates greater precision

Typeof datasource ) _ _
yp uncertainty values (95%confidenceinterval)

Basic Pedigreematrix Quiality score

Well documented statistics accessik 105 1,1,1,1,1} 1,050
to the public

Statistics with limited access or

scientific literature, accessible to the 1.05 {2,3,2,2,2} 1.108
public

Well documented typical case 1.05 {1,2,1,1,1} 1.054
Typical case withittle supporting 105 2.3.2,3,2} 1109
documentation

Expert opinion 1.05 {3,3,2,1,2} 1.140
Individual case / estimate 1.05 {4,4,2,1,2} 1.245

Note: The basic uncertaintywhich draws adistinction depending on the type of datavas
taken fromTable 72 of the ecoinvent®report (Frischknechet al, 2007) For most inputs
the basic uncertainty i$.05. Fortransportit is 2 and folinfrastructure puildingg it is 3.
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Verified data based
on measurements

Table6: Pedigreematrix, based orFrischknechet al, 2007

Verified data partly
based on
assumptions or non-
verified data based on
measurements

Indicator score

Non-verified data
partly based
estimates by qualified
experts

Estimate by a
qualified expert

Estimate by a non-
qualified source

Verified means:
published in public
environmental reports
of companies, official
statistics, etc
Unverified means:
personal information
by letter, fax or e-mail

Representative data
from all sites
relevant for the
market considered,
over an adequate
period to even out
normal fluctuations

Representative data
from >50% of the
sites relevant for the
market considered,
over an adequate
period to even out
normal fluctuations

Representative data
from only some sites
(<<50%) relevant for
the market considered
or >50% of sites but
from shorter periods

Representative data
from only one site
relevant for the
market considered or
some sites but from
shorter periods

Representativeness
unknown or data from
a small number of
sites and from shorter
periods

Length of adequate
period depends on
process/technology

Less than 3 years

of difference to the

time period of the
data set

Less than 6 years of
difference to the time
period of the data set

Less than 10 years of
difference to the time
period of the data set

Less than 15 years of
difference to the time
period of the data set

Age of data unknown
or more than 15 years
of difference to the
time period of the
data set

Data from area
under study

Average data from
larger area in which
the area under study
is included

Data from area with
similar production
conditions

Data from area with
slightly similar
production conditions

Data from unknown
or distinctly different
area (North America
instead of Middle
East, OECD-Europe
instead of Russia)

Data from
enterprises,
processes and

Data from processes
and materials under
study (i.e. identical

Data from processes
and materials under
study but from

Data on related
processes or

Data on related
processes on
laboratory scale or

materials under technology) but from . materials from different
. - different technology
study different enterprises technology
>100, continuous . .
measurement > 10, aggregated S_ample Size behlnd a
’ >20 ) ' >=3 unknown figure reported in the
balance of figure in env. report ; ;
information source

purchased products
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A.2.4.3 Quality of the models for direct emissianin the field and on thefarm (calculated
data)

Thequality of the models used was also assessed usingeéldereematrix. Thecriterion for

completeness(Table 6) was agusted by evaluating the number of major parameters

considered in tk model inquestion.

Table 7. Models for calculating direct missions gee B.2.4 for detaily used for the
AGRIBALY®EINEZ I NJ Y | YR ( K Sogriddmal listribitidn icanfidénCeankeiyal)
based on the ecoinvent® 2.0 pgree matrix(Table6)

Basic Pedigree matrix Quiality score

Typeof source

uncertainty values (95% confidence interval)

Fixing of carbordioxide by .
the products (CO) ecoinvent®?2 1.2 {2,2,1,2,1} 1.209
: 2

Land occupationm®yrand | o e niey2 1.2 (2,2,2,1,1} 1212
transformationm

d
Emission®f ammonia (NH) EME_I;i/eErIZA 2009 1.2 {2,3,2,2,1} 1.218
Nitrogen excreted by the CORPEN 1.2 2,2,3,3,1} 1.238
animals
Emission®f methane (Ch) IP(_:I_%OZOGb 1.2 {2,2,3,3,1} 1.238
Emission®f carbondioxide IPCQ006b
(CQ) from liming Tierl 1.2 {2.3,3.4.1} 1.249
Emissionef active ecoinvent®2 12 {4,5,1,3,1} 1.372
substances from pesticides

¢
Emission®f nitric oxide(NO) EME_I;i/eErIiA 2009 1.4 {2,4,2,2,1} 1.425
Emission®f dinitrogen oxide IPCQ006b
(N,O) Tierl 1.4 {2,4,3,4,1} 1.446
Emissionwf nitrate (NQ)C | +yie ret al, 2012| 1.5 231,11} 1.509
modified Comifergrill
Allocationof P, Kand Ny This report 15 {2,3,1,1,1} 1.509
Emlssm_)nxaf nitrate (NQ) ¢ | SQCB (Faist al, 15 {2.3.1,51} 1525
perennial crops 2009)
Emissionsf nitrate (NQ) ¢ GIEC 15 33132} 1.855
tropical crops
Emissionsf trace metals [{ ! [ / !'modified 15 {2,2,3,4,1} 1526
Emission®f phosphous and
phosphate (P, P) SALCH 15 {2,3,3,4,1} 1.530
Emissionsf nitrate (NQ) ¢ This report 15 {4,3,1,1,1} 1.564
soillesscrops
Landusechange(CQ) Thisreport 18 {4,3,2,1,1} 1.855

Note: The basic uncertaintywhich varies depending on theype of data was taken from
Table7.2 of the ecoinvent®&eport (Frischknechet al, 2007).
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A.2.4.4 Overall quality of the LGilata sesin accordance witHLCD

To comply with ILCD requirementthe overall ILCjuality score for thedata setswas
calculated acaaling to the following six criteria
« Technologicatepresentativenes¢TeR

Geographicalepresentativeness(GR

Timerelated representativenesyTiR
Completenes$O

Precision /uncertainty (P)

Methodological appropriateness and consistei(igl)

C € € € «

Thesesix criteriawere evaluated for all the data indata set assessing the extent to which

the data setmet the requirementgon a scale of to 5, Ofor not applicablg. The final score

was calculated in accordance with the ILCD recommendatidata setwas considered to

0S Gl A3IK ljdzF f AEGPma A TAADK S da OANB ¢ A&F 2N | &a02 N
SaldAYFGSE F2NL I a02NB 2F Ho G2 Xn

As the scales proposed by theCDwere very gendc, to ensureconsistentevaluation, the
scores for the critedn to be evaluatedvere specified as follows
« Technologicalepresentatieness(TeR) The various agricultat practices considered

in the inventory are representative of the total number of production systems used

to complete the production considerg@onsidering their distributiory importance).

1 =Very goodnearly all the possible production systems are included irdita set

2 =Good most of the production systems are considered

3 =Satisfactoryit is notcertainthat most of the productions sysims are considered

4 =Not very satisfactoryOnly a few production systems are considered

5 =Unsatisfactorythe data setis based on only one production system

« Geographical representativeness (GR)e distribution of production regions for the
crop caisidered in adata setwas evaluatedbased on the area cultivategha), the
number ofdepartments cwered, or the quantity produced, depending on the data
available
1 =(very good: ¥95%

2 =(good): ¥85%and <95%

3 =(satisfactoryacceptable)75%and <85%
4 =(not very satisfactory ¥50%and <75%

5 =(unsatisfactory. <50%

« Timerelated representativeness (TiRJhe extent to which the reference period
(2005 to 2009) was represeritee was assessed as:
1 =Very gooddata for all five years in the reference period
2 = Good data for at least three years in the reference period with little
changeVariationin the production systems
3 = Satisfactory data on at least two years in theeference period with little
changeévariation in the production systems
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4 =Not very satisfactorydata on two or three years in the reference period but with

major changes in the production systems which are not included
5 =Unsatisfactorydata on only e year in the reference period

' Completeness (Cbhis criterion is used to evaluate the flows taken account of in the

data setwith respect to those given in the data collection gu{@®C)

1 =Very goodall the flows in the data collection guide andajor inputs are included
2 =Good several inputs are natonsicered but they are not of greamportance

3 =Average some major inputs are not considered

4 =Poor. several major inputs are not considered

5 =Very poor many major inputs are not considete

Default scores (identical for altlata set) were used for Precision and Methodological
appropriateness and consistency.

« Precision / uncertainty (B)3 cacceptablé, given that the precision of the data was

assessed using thpedigreematrix and all AGRIBALY &data set are subject to
natural processes resulting in a certa@riance
« Methodological appropriateness and consistency ¥M) & 3 2 2drén that the

calculation modelsthe system boundaries and the modeling were selected to suit

the aims ofthe study.

A.2.5 Typeof critical review¢ Quality control

A critical review as defined it¥80 14040/14044 (1SO, 200&ad ISO, 2006bjor situation
ILCBA (SeeA.1.3)was carried otifor the AGRIBALYSE® prograhs reviewconcentated
on quality control.

~ Praduction system data entered into thgata collection module

' The directemissionscalculation models

« LCIl and LCIA results

Quiality control was carried out in thrgehases

1. Internal verification For theAGRIBALY®Rrogram the data for théCldata ses and
LGAs was collected and calculated by different peapéel dzii Ked\d#etadata
éauthoré) Iy Ratadgeneratod ¢ KS RIF Gl O2ff SOGSR o@
0KS &R {l (CadnygeSay20d33 N& ¢

2. Quality control of the data describing the mhaction systems for the French
agricultural production processes carried out where possible elperts from
organizations external to the project

3. Quality control of the results of the LClI and LCIA and of the deeustsions

calculation models, carried oy the Technicalnstitutes.

Phase® and3 each ended with a working seminar
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A.25.1 Quality ontrol of French production system data

a) Theexperts

An independent expertwas appointedfor each review of agroup of similar agricultural
production processg(eg: set of oleaginous crop production procesges

Expertsapproached

The experts who were selected beloregl mainly to an organization external to the
AGRIBALY®program (Table 8). In several casest was notpossibé to find experts in
organizations other than those involved in theogram.However AGRIBALY®made every
effort to check that they were not involved with setting up tliata ses. For tropical
products the controlprocedure was simplified with onlynternal control within CIRAD.

Table 8: Organizations to which the experts who checked the quality of the production
system data belonged

Organkation to which experts belonged

Farmin Chambre Regionale Agricultural
Agrial 9 RQ! Jtnddddz 9
cooperative development
Bretagne
: Chambre Régionale .
Agrocampus Oues’ Educational and RQ! I NA Odz Agricultural
research institute . development
Paysde-la-Loire
Agro-Pithiviers Farming , ESA Angers Education
cooperative
A_groT.ransfert Technology tansfer | IDELE Technicalnstitute
Picardie
Axereal Farming : INRA Researchnstitute
cooperative
Biomar Feed manufacturer | InVivo Farming cooperative
IRBAB (Institut
Chambre Agricultural Royal Belge pour . .
RQ! 3 NR4Adzt development £ QI YSt A 2ay, |echnical Institute
Betterave)
Chambre Agricultural , .
RQ! 3NK Odzt development ITAB Technical Institute
Chambre Agricultural . . :
RQ! 3NK Odzt development Lycée de Guérande Education
Coop de France Farmlng_ SILEBAN Reglonal experimental
cooperative station

The main criteria for selecting the experts were their independence, thatificatiors and
their experience.
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Procedure for selecting the experts
« Selection of organizations for quality control by the AGRIBALYSE® Strategic
Committee
v Proposl o expertsby the Technicdhstitutes
Proposl of expertsby the organizations selected for quality control
' Selection of theexpertsby the StrategicCommittee from the proposals made by the
organizations and Technical Institutes on the basis of the fatipwriteria

N

Expert selection Gteria
The minimum criteria taken into account for selecting the experts were
« Technical knowledge of the systems studied at regional level but above all at national
level
« Independencewith respect toAGRIBALY®E
+  Availabiity

b) Documentation
The following documents were produced for the quality control phase

Specification for theexperts

This was a technicalocument Appendix O to simplify the quality control work of the
experts bydetailingthe data to bereviewedandthe review processThisdocumentdefined
the scope of quality control required also defined that, when modifications were required,
the quality of the modifications should Iseibject to a second review

Review forms
Review forns were sent to theexpertsto provide uniform resultsThese forms were specific
to each livestock or arable / horticultural production system and are attachégpéndixC
One form was filled in for eadata setchecked These forms have

A preprinted sectionto ensure thathe experts checkritical points

+ A blank sectionfor comments by the expert on the general quality of the process

Confidentiality

The quality of the production system data was checked with the proviso that the data sent
to the experts should remain cadential and be used only for quality contrdExperts
confirmed that data would be keptonfidential by sigimg a confidentiality agreement
before the data was sent

C) Scope of the quality control procedure

The experts were requested to check the data dissieg the production system3hey were
not asked to assess the methodological decisions made for the pr@gstem boundaries
functional units allocation etg). Details of the data to beeviewed were defined in a
specification

The experts were als@sked to comment on any omissions @rcoherencein the
descriptionsof the production systems
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A.25.2 Quality control of LCI and LCIA results

The quality of theLCALCIAdata calcuhted by Agroscopeand INRAwas checked by the
Technical Institutes involved in he AGRIBALY®Eprogram according to acommon
procedure

a) Theexperts
The data was checked by thechnicalnstitutesinvolved in theAGRIBALY SE@®gram

b) Documentation

To carry out the quality contrpfiles summarizing the results of the LCIA were drayrand
exchanged for eacldata set These files also contained technical dd&. results of
nutritional componentsresults of fuelconsumption,etc.) to check that the data entered
into the data set was processed correctly

The Technicallnstitutes returned the results of theireviews using aspecifically designed
form.

C) Scope of the quality control

The quality control considered the relevance of the results of the LCIA and LCA and the
parameters forthe direct emissionscalculation modelsThis was dne in several stages
verifying the calculationscompaimg the internal references and the results in therks

cited in the bibliography

Theprocedure ended by pooling the comments at a working seminar and byTiehnical
Institutes drawing up an eWwation report This report is included in the report
a! DwlL . 1Assedsfeht and lessons for the futti(€olombet al, 2013).

A.2.6 Typeandformat of the report required for the study
ISO 140441S0O, 2006band thelLCD HandbooRGind IES, 2010&agive recommendations
for the types of deliverables expected In accordance with theseaecommendations,
AGRIBALY®Eesults were produced in the followirfgrmats:
A report on themethodology setting out thebasedor the study(this report)
« For eaclproduct, the results are given as
V impact indicator valued_CIA)
V LCI flowdata set
v ¢ KS NBLIZ2 NI :d@sse&snient larfd legsbns for the futti@€olombet al,
2013), eécribing how the program was carried out and the main results of the
program, including twanotes on the quality control of theLCldata sets and the
results as well as an explorata@gnsitivityanalysis for sugar beet and pork

Incorporatingthe data ses into theIMPACB®database requires the results to be in terms
of flow (LC) rather than impat indicators as theimpactsare calculatecautomatically from
the flows and the characterization factors selectedtbg ADEMEAFNORblatform on the
basis ofJROecommendations However, it proved necessary ttavethe LCIA resultin
orderto be able b analyze the results for each product in subsequent projects
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To simplify the distribution of the resultsAGRIBALY®Ealso providel the following
documents

« A summary for each produdb give a rapid overview of the main results without
requiring LCA sbkare

« A database meetin) CDrequirements(for situation ILCEA, seeA.1.3, in the form
of unit procesgs confaining thedata set produced during the program
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B.1 Datacollectionproceduresand systemsaised forAGRIBALYSE

AGRIBALY®®as cesigned toensue that the processes selectesuald be compared The
following procedures and systemsgere used to produce the L@ata ses usinga consistent
methodologyto ensure that thedata ses could be compareso far agpossible.

~ Common rules wex set out for defining systems and data collectmocedures and
a specialdata collection modulevas developedThese rules are published in the
Data CollectiorGuide (GDGeeB2.1)

« A data collection modulevas used to input the data for the variousdstock and
arable / horticultural products in a uniform forméeeB2.1)

A set ofEXCEL spreadshsetas used for calculating direct emissions and systematic
processing of the input data ecospoldformat (calculation chaipseeB.2.1)

' Simapro®+ ecoinvent® Most of the upstreamand indirect flows were calculated
using Simapro®and the ecoinvent® database ® v3.2, cutt off version(called
« allocation recyclesd contentin SimaPro)

B.2 Data collection

B.2.1 Data collection

B.2.1.1 Data collection module

Thedata colletion module used Exceland VBA (Visual Basic for Applicatiofs) entering
the raw data in a standardized formafrhe data collection modulevas based on &rm

A

developed and used for @ASDARroject (CASDAR AARI7Z5G L YLINE Ay 3 SO2y 2 Y

environmenta performanceof pea, rapeseed and wheat productisd a (i 3. ¥sitiisform
only allowed data to be entered for production systems for annual French crops, it had to be
modified to meet the requirements of thAGRIBALY®Rrogram
« Design andncorporationof input spreadsheets for the various livestock and special
products(greenhouse cropgpermanentcrop systempg
' Minimizing the diversity of inputs by defining default value@ccessibleusing
dropdown mens) to simplify datacollection and ensure that desiptions were
uniform
~ Design to allow lists of inputs / dropdown menus to be extended
+ Documentationof the production systemas required by thdLCDHandbook(JRC
andIES, 2010a)
+ Inclusionof the evaluation of the quality afachdataitem depending ontssource
~ Possibiliy of comparing thelata set production systems entered

Two documents were produced describing how to usedh&a collection modulethe Data
CollectionGuide (Biardet al, 2011a)and the Data Collection ModuleManual (Biardet al,
2011b).
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B.2.1.2 Data CollectionGuide

The Data Collection GuidBiardet al, 20113 gave practical help during the data collection
phase for the AGRIBALY®rogram It ensurel that all production system datavas
consistent The Data Collection Guide is both a guidiedata collectionPart A)and aguide
to good practices for modeling the production systems coveéfalt B).The rules set out in
the guide were implemented in thaata collection module

B.2.1.3 Data collection modulananual

This manual describes how to ute data collection modulelt describes the various input
fields and how thelata collection modul®perates

B.2.2 Input data ategories

B.2.2.1 Inputs

The collection of all the data, i.e. the entry of all the information required to take account of
the components o the system(see chapter A.2.2) was undertaken by the Technical
Institutes, using thedata collection module

a) Arable and horticultural products

The following information was collected for each input
v The name of the specific inpeg ammonium nitrate, rabbit liquid manureor

metolachlor). The names of items were selected from a predefined list which could

be extended if necessary on condition tlaatefinition was given for eaatew item

Thequantity applied/ consumed (specifyinghe units)

Thedatasource

« The percentage of area concerndd take account of different practices in certain
production systemsgeg: 30%no till;, 70%sowing withdrill)

~ The date of application and the minimum and maximum values of the data. This was
optional, as theinformation was not strictly necessary ftine LCI.

' Optional comments

(
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Table9 lists additionalinformation requre for each input category.

Table9: Additional data collected for each inputtegory

Input category Additional data collected Products concerred

Sowing seed Proportionof farm seed sown Annual crops
Fertilizer (organi¢mineral) Number of applications All

Pesticides Number of applications All
Agricultural roces

- Tillage

- Sowing seed

- Fertiliation Number of applications All

- Applying pesticides
- Tending crops

- Harvest
- Irrigation Amounts of water appliedsource | All
of energy usednd amount of
energy consumed
Buildings Area Special French crops
(greerhouses
Otherinputs Purpose All

The data was entered using predefined liddhen a new item(fertilizer, active substance
process)was introducedthe followinginformation was entered to build a specific LdzHta
setor modify an existinglata set
« New fertilizer. name, units, composition (totaN, plant availableN, P.Os), source
« New agriculturalprocess: ame of process description, ung, machiney required
(traction and no more than twanachines)pperation time consimption andtype of
power, source
+ New machine: rame of themachine, descriptionlifetime, weight of the machine,
footprint, source

b) Livestock pduction
Two types of data were collected for livestock productitata ses
~ Data describing the class of aninfat; number of animals at starage and weight of
animalon acquisition and disposahortality, etc.)
~ Data on animal feed Data was entered in two stage¥he first stage defined the
feed mix and the second stage defined the annual ratiorthe first stagethe raw
materiak and thdr proportions in the feed mixwere defined In the second stage
the feed mixesandor the basc fodder (raw materials consumed directly by the
animals including forage and grazed gjassre definedto give a precis@ecord of
the ration distributed to the anirals

B.2.2.2 Direct emissions

The flows of potentially polluting substances directly associated with the livestock and
arable/horticultural production processes (direanession$ are not entered but calculated

by theinventory data processing systeffDP$, seechapter B.2.4.The data and parameters
required for calculating direct emissions are described in the datast{@pfsendixD).
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B.3 Calcuéting the LCHata sets

B.3.1 Data processing applications

The AGRIBALY®Hlata ses were drawn up using a set &XCElspreadshets, called
Inventory data processing systeiliDP$ to ensure that data was processednsistentlyand
could be comparedThelDPQuseal the data from thedata collection moduland convered
itind 2 unit pracess ekabpoldiormat, adding the direct enssions and transpoffor the
inputs. Thisformat makeshe data setcompatible withLCA applications

ThelDPSad two main sections
~ Software implementing the models for calculating the direct emissiarkb models

were drawn up o modified for calculatig the direct enissiongTable10).

Tablel10: Models for calculating direct emissio(seechapter B.2.9

Substanceemitted Calculation procedure

CH EXCEL spreadshedéveloped by AGRBALY S&
CQ biogenic EXCEL spreadshedeveloped by AGRIBALY S
CQ dueto land usechange Method developed byAGRIBALYSE

CQ dueto liming EXCEL spreadshedeveloped by AGRIBALY S
ETM Modified SALCApreadsheet

N,O EXCEL spreadshedevelopedy AGRIBALYSI
NH; EXCEL spreadshedeveloped by AGRIBALY S
NO3 EXCEL spreadshedeveloped by AGRIBALY S
NO EXCEL spreadshedeveloped by AGRIBALY S
Landoccupation and transformation EXCEL spreadshedeveloped by AGRIBALY S
P, RO, Modified SALCA spreadsheet
NPKreallocated EXCEL spreadshedeveloped by AGRIBALY S
Active sibstances (psticide$ EXCEL spreadshedeveloped by AGRIBALY S
Substancesmitted by farmed fisl{Nital, Potal,

TSECD) EXCEL spreadshedeveloped by AGRALY SE

Intermediate spreadsheet
Calcudition of nitrogenexcretionsfrom animals EXCEL spreadshedeveloped by AGRIBALY £
Calcudition of soilloss EXCEL spreadshedeveloped by AGRIBALY S

~ Data conversion module: This module took the results ofthe direct emissions
calculation procedureand the dataon inputsfrom the data collection moduleand
convertedthe information into aunit processn ecospoldformat. It was based on the
SALCAystem developed bggroscope
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Figurel3 shows how thesenodulesoperate and interact.

Processing by théDPS X-Exchange

Produad XY
INPUT (X3 _ .
DCMXY . Allocate primary dataC data set
Check units
Calculate amount consumed
Calculatetransport

Allocate

bbb

IFDCM/IDPS

\\

Inventory Data
Processing
System
(IDPS)

IFIDP$Mod. IFMod./IDPS
il

Figurel3: Components in thénventory Data Processing System

15 Models
IF = interface

Each component of thenventory data processing systemas designed or specifically
modified to meet the requirements of theAGRIBALY®Eprogram Information about
FOOSaaAy3d GKS | LILX AOFGA2ya Ol y AsseSsmeht2atm/ R
lessons for the futur&(Colombet al, 2013)

B.3.2 Relatingdatato the functional units

In several caseslata was collected for the data collectiomitiwhich is different from the
functional unit(in general, the data collection unit for arable / horticulturalata ses is the
hectareand that for livestocklata ses is the her§l Data se$ wererelated tothe functional
units using a conversion fagtobased on thereference flowalso defined during data
collecion.

B.3.3 Calcuating the LCtata set of inputs for agricultural production

AGRIBALY®Histinguishedhree types of input for agriculturalata ses:
1. Agricultural inputs(from Franceor elsewhee) ¢ for example: forage barley seed,

etc. These inputavere taken from the agricultural sector and thelata set were
developed by theAGRIBALY®@rogram

2. Non agricultural inputs specific tagriculture ¢ for example: tracbr, pesticides,
fertilizers,etc.
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3. Non agricultural inputs not specific tgriculture¢ for example: electricity, diesel,
steel for fencing tires for tractors. These inputs were produced outside the
agricultural sector and are used by all economic sectors

Thebasicprinciple of tre AGRIBALYSE® program for thedat@l ses/ LCA for type (2and
(3) inputs was that priority should be given to data in tIMPACBRdatabase orif not in
this database, in other recognized databasétowever few data ses meeting the
requirements forcoherence with the AGRIBALYSE® methoddlogyndaries flows) and
representativeness were foundror this reasopmost of thedata ses used came from the
ecoinvent®database However as theecoinvent®ata ses were not always applicable to
Francetype (2) inputswere modified where possible usingexistingdata ses (seefollowing
chapters). Thecorrespondencel A Y LJdzxisting LQlata sel € A & AFpandiSs/ Ay

When necessarydata ses fortype (2)inputs were set up on the basis of existidgta ses
and modified to suit conditions in Frandéorexample:
' Machines:the size of themachinesand operation timewere adusted to conditions

in France and the tropical production systems studied

« Livestock buildingsthe source data came mainly frothe CASDARINE 2 $®© G & 9
constructiont YR £ A @S & (i gEetlal, 20aPATheRuAity Badéwere the annual
area used im?Z.yr or aspace sed for one year

« Fish farm buildingghe data set used for fish farnmfrastructurewas taken from the
databases ofUMRSAS, INRRennes.

+ Plantproductionbuildings data set based on data from French manufacturers were
used for greenhousegglass greenhousesair-inflated double polyethylene film
greenhouses angolytunnels), (Boularcet al, 2011).

The procedres implemented fobuilding LCHata ses when existinglata ses were not
included in existing databases are described below

B.3.3.1 Sowing seeds and growinglants

The following approaches were usedtoild seed and plantiata ses.
1. Extrapolationby applyirg a factor to thedata setfor the cropgrown for sale The

G a S YI&@a set flows (resources required andemissions)were calculated by
multiplé A y 3 (i Kdata setbyNah edérapolationfactor. Data onten crops was
available fromGESTIMGacet al, 2010) but the data ses were drawn up to study the
impacts of primary energy consumption and climatenge Certaininputs and flows
contributing to otherimpactswere not included or not sufficiently detaile The
quantities for the inputs and missing flowsere obtained by multiplying the
guantities obtained for thedata setfor the crop grown by amxtrapolationfactor.
This factor was theatio between the consumption of primary energyptained from

® Durum wheat soft wheat sugar beetrapeseedmaize barley, peas patatoes, triticale, sunflowers
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GESTIMor seedproductionand that for the product ligd in the data collected for
the AGRIBALY®pgrogram(seeAppendix D, Datasheetl5).

2. Buildinga separatedata set

3. If the information required was not presergubstitution of the data setfor the crop
grown or use of an existing Ldzta set

Theextrapohtion approach was applied for ten annual cropagar beetdurum wheat soft
wheat, rapeseed maize (grain and silage) barley (brewing and foragkg peas potatoes
sunflowersand triticale. For «similar crops», the most common se bought was usedll
wheats have a seeedxtrapolatedfrom the «average whead, all maizes have a seed from
«grain maize> and all barleys have a seed fronspting barley> (Table140). Approach?2
wasalso applied to carrots andimatoesusing expert opinion

Approach 3 was used for the other croger faba beans and organic annual cro@gsft
wheat, triticale), seed sowing wasaken into accountoy substituting thedata setfor the

final product The ecoinvent®@ata ses were usd for grassland and alfalf&or orchards,
grapevines, coffee and clementines, an equivalent area was calculated by working out the
number ofhectaresof cuttings and grafts required to plant omectareof orchardenclosed

area. The orchard/vineyard inlf productiondata setwas taken as aubstitute.

B.3.3.2 Average fertilizerdata set

TKNBES al @S NI 3 S damises kaverage Snindiral ferkilize§ HEN/P/K, at regional
storehouse, FRyere set up based on the average mineral fertilizer consumptiom 2005
to 2009in Francefor which an LCldata setwas availabl€éAppendix ). The UNIFA database
was used for thistaking the datafor deliveries of fertilizer for the year2004/2005 to
2008/2009 (UNIFA 2009).The nonspecified 2 and 3 compound fditiers categoriegPK,
NP, NK, NPKyere allocated toecoinvent®data ses using more detailed analyses from
GESTIMGacet al, 2010Q. Orgaro-mineral fertilizers wereallocated tothe other fertilizers
depending on theilN/P/K content. Thetransport distarces from the place gbroductionto
the point of sale were also based GESTIMnalysegGacet al, 2010).Details are given in
Appendixl.

For farm manurgmanure liquid manurd @ LK I y G Baasgii/éL g A UK y2 Sy @A NJ
impact were set up to ensurthat the direct emissions related to their application were
calculated correctly and to make it easier to checkdhaéa ses.

B.3.3.3 Machinedata set

New data ses were calculated based on the information entered in theta collection
module, by parameterizing the six machinedata ses available in thecoinvent®database
The machine datasets include the flows related to

Production

v

' Repair
' Maintenance of tires and engingi$ appropriate
+ End of life(waste management)
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Table 11 summarizes thegparameters forthe various components of thesgata set. The
flows related to maintenance are required only foowered machines (oil and filters) and
wheeled machinegtires).

Tablell: Parameters fomachinedata set using the availablecoinvent®lata ses

s S>_[8>
7 22832¢
Data setcomponent Paraneter required g 3% %lgg ks
S 58 O[5 T+
L <E |<E
Production Weight yes yes | yes | yes yes yes
Wastemanagement yes yes | yes | yes | yes | yes
Repair Weight and lifetime yes yes | yes | yes | yes | yes
Waste management | (repair facto) yes yes | yes  yes | yes | yes
Maintenancetires) Weight and lifetime of yes yes | yes | yes yes no
Waste management | machnef/tire yes yes  yes  yes yes no
Maintenance(filters, oil) Weight and lifetime of yes yes | no no no no
Waste management | machine yes yes | no no no no

The 213 machinesdefinedin the data collection modulevere divided into the followind4
group$ depending on i) ecoinent class of machine f{ractors; harvesters; trailers;
agricultural machinery, generaéigricultural machinery, tillageslurry tanker$ and ii) the
lifetime.
1. Tracors, 7,500 h
Tracors, 10000 h
Tracors, 12000 h
Harvesters<5000 h
Harvesters5,000¢ 10,000 h
Harvesters> 1Q000 h
Traileis<20 t
Trailers, >20 t
Slurry tankers5000 |,
Agricultural machinery, generak2500 h
Agricultural machinery, generg,500-5,000 h
Agricultural machinery, generab5000 h
Agricultural machinerytillage
Machinewith electric motor

© © N o O > w DN

L o
> Wb PO

The functional unit formachinedata ses is alwaysil kg machineF 2 NJ G KS G201 f
Details are given iAppendixJ

B.3.3.4 Agricultural processlata set

An agricultural process covers the flows related to the use efitfrastructure for tilling,
maintenance and harvesting

* Four standarcecoinvent®lata setsare used for lorrieglorry 16t/RER/I U, lorry 40/RER/I Wans(van
<3.5t/RER/I Uand helicoptergHelicopter/GLO/I U).
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+ Production maintenance and end of life of th@achines sed for the procesgeg. a
tractor and a plev with five bladesT 2 NJ (viing¢ LI O S & &

« All the inputs and outputs required fohe operaton ofthe infrastructure,i.e. energy
(diesel, electricity) and emissionsfrom burning fuel. However variable products,
distributed or applied by the processesuch as the fertilizers or activgibstances
are not includedThese inputs were specifiesgparately.

« The storage facilities for machinershed or open air area.

New data ses were set up based on theformation entered in thedata collection module
(operation time diesel fuelconsumption etc.). The 258 agricultural processepecified
initially in the data collection modulewere harmonized and grouped into 139 final
processes, in collaboration with the technitastitutes (AppendixK).

For coherencewith ecoinvent® y & I 3 NR& O dzf datezbidt cbverldIt® OIS £
elements
« Therequirementsfor one ormore machines

The power requiremenffuel/ electricity, etc.)

Emissions related to the use of the fifglappropriate

Wear on the tiregif appragpriate)

The requirement for @arageto house tractors and automotive machinesthe area
required for attachments and trailergopen air storage).

C L €

The functional ait for agricultural processeswia a2y S K2dzNJ 2F g2 NJ € =
from theecoinvent®d 2 Yy @Sy A2y HKSNB Ay Yz2ail hdtargSa GKS
This conventionsi moreflexible and makes it possible to take account of differ¢imes

required (h/ha) for the sameprocess for example for tilling different types of sojl The

machine requirement for one hour of process is calculated by dividing its weight by its
lifetime (because the functional unit for the machine ldata setis kg machinefor the

whole lifetime).

Weighofthemachine

Machineequiremein= —— _
Lifetimefthemachin
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B.3.3.5 Active substances

The activesubstanceaised inpesticideswere assignedto existing LCtlata set. Based on
the pesticideindex (ACTA 2005and ACTA, 2009 an active substancewas asignedto an
existing data set (eg: écyclic Ncompounds, at regional storehouse/kg/RERPyridine
compounds, at regional storehouse/kg/RfERsing its chemicalamily. When this was not
possible,tiwas asignedo a more generidata set(dpesticides unspecified, RER at regional
storehous&, (K SNDH A OA RS a éedeyf.a LISOAFASR X

Examples

FluazinanC chemicalfamily: pyridinamineC Pyridinecompounds, at regional
storehouse RER

FlurtamoneC chemicaffamily: furanoneC Pesticides unspecified, at regional storehouse,
RER

The a&signmentof all activesubstancescovered in theAGRIBALY®program isgivenin
AppendixG.

B.3.3.6 Greenhouse LQlata set

Existingdata sets were used and modified for greenhoudgtass greenhouses, ainflated
double polyethylene film greenhouses andlyiunnels (Boulardet al, 2011).These had to
be modified for reasons afoherence,uniformity and consistencyln the originaldata ses,
several inputs were linked tnon ecoinven®data ses. Forexample, for steel the LCldata
set GX12Cr13 (DIN 1.4005, AISI 416) A yldeNIAT Batabase(ldeMAT,2001) was used
whereas in AGRIBALY®Ethe steel consideredwas always osteel, lowalloyed, at
plant/kg/RER. The modified greenhouselata sets are available in theAGRIBALY®E
database

B.3.3.7 Livestock buildinglata set

The livestock buildindata ses used
v Were taken from the internal databases dMR SAS INRA Renne} for

infrastructure relaed toaquaculture
« Were built using data from theCASDARproject ¢Ecaeconstruction of livestock
0 dzA f RIRBEStAIE2009)

B.3.3.8 Animal feeddata set

Most of the LCHata set for elementary feed, grazing and forage were produced for the
AGRIBALY®program adding transportif necessary
The feed mixesantain many raw feed materials (RNQr which LCI data sets weirreot
produced within theprogramand so the RMlata ses used for theormulation (fabrication)
of commercially available food concentratesne front
+ LCldata sesfor products fromthe arabke sector ofAGRIBALY®&Eoft wheat organic
soft wheat faba beansorganic faba beansapeseed sunflower seedcut grass
(silage or haylage, grazed grassalfalfa fordehydraion, maize silagemaize grain
forage barleypeas sugar beegtriticale and organictriticale.
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« LG data ses from internal databaseBom the UMR SAQNRA Renne} that were
processed by theAGRIBALY SH®entory data processing systerithe production
system data contained in these databases was entered into the dali@ction
module and the LCldata set were generated by th@GRIBALY SH®entory data
processing systerfiDP$ Thesedata ses were for forage, cereals and @hd protein
crops

« LCldata ses from internal databaseom the UMR SAYNRA Renne} that were
used without being processed by tH®PSThese are products other than raw plant
materials that couldhave been processed by théDPS or products that had been
subject of specific studiggg: soybearfrom Brazi).

« LCldata ses from commercial databasdsecoinvent®etc). These were sometimes
modified to comply with the project requirements

Thedata ses for feed mixesin the systendata setformat, were made available for use in
AGRIBALY®ETheprocedure for carrying out these processes is describedppendix L

Note on calculating grazed graskta ses. For the AGRIBALY®program grassland and

grazed grass were treated in the sameywaa other forages, which meathat a speciatiata

setwas set up(seeA.2.2.4b) The data collected for thAGRBALY S&programstrictly only

covers grazing for cattle. The grazed gdata ses were also used withouhodificationfor

sheep and goats considering that

a) in Francemostruminants are cattle

b) the accounting(expessed in large cattle unitss comparable, which means that the
overall yields and excretion can bempaed

c) for calculating the directemissionslinked to excretionsthe camposition of cattle
manure was used

The losses at harvest were taken into account indhaéa ses for grass tht was grazear
used for hay silageor haylage To calculate the yieldhe losses on collection, storage and
consumption of forage by the animals were subtrac(édpendixL, 83).

B.3.4 Transportof inputs

Transport of inputs from the point of purchase toetliarm was taken into account using
transport models A transport model bought together the information on the means of
transport used and thedistancestravelled andwas applied to groups of inputs. The
followingtypes of inputwere considered

« Fertilzers (mineral andorgant)
Pesticides
Other inputs
Raw materials for fee¢hote: when the forage and raw materialgere produced on
the farm,transportwas notconsicered).

L L«

C

Inthese modelsi KS 22 dz2N}yySe& TNRBY (stkir&ge bdisiBbutiorsite)2ofhe LIdzNO K |-
GFFNXYE Y@ O20SN) 6KSTablg12 O2YLRySylia akKz2gy Ay
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For the weight transported, the gross weight was taken into accountccordance with
ecoinvent®&Nemecekand Kagj 2007), an average content adctive substances in pesticides
of 50%was used to gimate the weight of the pesticide based on the amount of active
substance applied.

Tablel2: Assumptiors for transport ofinputs

Transportfrom point of Transportfrom point of
Typeof input purchas outside France to purchase inFranceto the
point of purchase inFrance farm
Inputs produced on the farm No No
Inputs produced inFrance No
(FR typedata se) Yes 15 kmwith tractor and
Fertilizers raw materials br trailer

imported feed Yes(seedetailsin Table13)

ol

I N

Other imported inputs . S
(RER typelata se)

SR 2y
0 LINE G

< ax
U ax

For AGRIBALY®Hata ses for France the distancebetween the point of ptchase and the

farm consideredvas 15 km with tractor with trailertank. For organic fertilizers which come

from the farm itself or a nearby farm, 10 km transport with tractor and tralesassumed

In addition, onfarm transport (farmfield) isincludedA y & I 3 NA O dzf Glsdatddsets LINE O S
also amounting t@bout 10 km (Appendix K).

As no data was available, the sanassumptionswere applied for tropical crops
clementines, coffee and rice

For imported inputsdefault assumptions from ecoinvent@S 6 SSy dza SR (i KN dz
LINEP OS&daSaéxs SEOSLIG F2NJ YAYSNIE 7F 1A SNE |
be defined based on GEST(Glacet al, 2010)(Table13).

~—h
>
—_

For animal feed

« Transport from he place ofproduction/storage of the raw materialto the feed

fabrication plant

« Transport of the feed from the feed fabrication plant to the farm
For feed produced on the farnonly the transport of raw materials from their place of
production/storageto the farmwas considered
An average transportdistance in France, depending on the means of transposias
calculated according tdlguyenet al (2012).For raw materials coming from abroathe
transportdistance prposed byGESTIM (Gaat al, 2010)was ud.

Tablel3: AGRIBALYSE® transport mo@g used for animal feed

ecoinvent@process Placg otfabrica_tion_of raw Fabrivcation plant
material E Fabrication plant E Farm
Transport, lorry >32t, EURO3/RER U 110 knf + GESTIRassumption
Transport, freight, rail/RER U 390 knf + GESTIRassumption -
Transport, transoceanic freight ship/OCE GESTIRassumption -

®transportdistancein Francecalcubted according tiNguyenet al (2012).
® transportdistanceaccording toGacet al (2010).
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B.3.5 Calculation models for the consumption of resources and direct emissions
from polluting substances

B.3.5.1 General principles and overview of the models used

In AGRIBALY@®Hlirect emissionswere defined as flows of potentially polluting substes
into the environment direcly assocated with livestock and arable/horticulturgroduction,
on their production site. This was, however, extended to cover the consumption of
resources required for the production procesgester consumption, land occupation,etc).

As recommended in thl.CDHandbook(JRGNnd IES, 2010and ISOstandards(2006aand
2006b),so far aspossible,only the flows of elementargubstancesvere calculated COD
(chemical oxygen demand) indicators and AOX (adsorbable orgalogems) were not
considered

Indirectemissions, fhws of potentially pollutiorsubstancesnto the environment assoaited
with the production of inputs used on the production sitevere not modeled in
AGRIBALY®EThese indirectemissionsare part of the generic data in existing databases
(ecoinvent®etc).

AGRIBALY®®as based on theecomnendationsin internationalstandardsto rationalize
the choice of models used for therogram. According ® the recomnendations of IPCC
(2006a)and EMEP/EEA (2009%he models used should make it possible to produce an
estimate thatis as precise and correct pessible Models that introduced a systematitas
could not be usedSeveral criteria were taken into account when selecting models for
calculating direct enssions and consumption of resources

« The scientificvalidity: AGRIBALY®Rimed to be recognizednternationaly and so

the methods usedhad tobe recognized scientifically and be subject of international
consensus
' The scope oValidity: asAGRIBALY®E& up data ses mainly for French agricultural
products, the models used must, at least, be applicablectaditionsin France
« Technical fasibility: AGRIBALY®Ebcuses on using models that are easy to apply in
particular concerning the quantity of dataquired to use the calculation models
The graularity of the models selected must beompatible with the input data
collected
The models for calculating direct emissions and the consumption of resources for tropical
products were selected on the same meiples, the scope of validity being adapted to each
product considered

Thissectionof the report presents the main requirements for each substance emitted, the
models identified in the literaturevhich could possibly baisedin AGRIBALY®M&nd the
modes and thesources ofemissiors finally selected The parametes for all the modelsare
described iMAppendicesD, EandF.

AGRIBALYSE®: Methodology 61




-

a) Substances direct anissionsonsidered

Agricultural production operations generate direct emissions and consume resoiicae

14 presents the emissionsand resources consumednd the sources of theemissiors
consicered and the models selectedhe choice of model does not indicate that a given
model is consideredo be scientifically beter than the other modelsThe modelswere
selectedto meetthe requirementsand aims of theAGRIBALY®@rogram
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Tablel4: Substancesmitted/resources consumedources oemissionsand models used in

AGRIBALY®E

Substanceemitted /
Resaurce consumed

Ammonia

(NH)

Source of emissions
consuner of resource

Animal excretior(building storage)
- calcuhtion ofnitrogen excreted

- emission factors

Organic fertilizerand excretion on grasslan
Mineral fertilizers
Thai rice

Model used

CORPEN 2006, 2003, 2001, 1989&1999b
EMEP/EEA 2008er2

EMEP/EEA 200Her2

EMEP/CORINAIR 20Digr2

Yanet al, 2003b

Carbon dioxidgCQ)

Absorptionby theplants
Addition of lime andurea

ecoinven®v2 (Nemeceland Kagi, 2007)
IPCQ006bTierl

Trace metals
(Cd, Cu, Cr, Hg, Ni, Pb,
Zn)

Leaching French crops
Runoff: French crops

Accumulationin the soil French crops

{1 [/ n{edfolFRuhckreiermuth,
2006and SOGREAH, 2007)

Enery stored by the
plants

All aréble and horticultural production

Higher heatingzalue HHV) of the product

Combustion gas

ca
Other airpollutants(metals VOC SQ,
NOX 0

ecoinvent®&?2 (Nemeceland Kéagi, 2007)
dza A y 3 cbmbusfiohoLdieselkerosené&
data set

Methane (CH)

Animal excretion(building
storage/grasslandioutdoor run)

Emissiondrom enteric fermentationcattle
and sheep

Emissions from enteric fermentatioonther
animals

Tharice

IPCQ006bTier2

IPCQ006bTier2

IPCQ006bTierl
IPCQ006bTier2

Nitrate (NQ)

Leachingannual crops
Leachingspecial orchard cropsineyard
Leachingspecialsoillesscrops
Leachinggrassland

Leachingtropical crgps (except ricg

Thd rice

Livestock poduction:outdoor runs

Tailleuret al, 2012

SQCB (Faist al,2009)

This reportbased on waste watélosses
This report

IPCQ006bTierl

This report based onwater balance
BassetMenset al, 2007

Land occupation

Alltypes ofproduction

ecoinvent®2 (Frischknechet al, 2007

Livestoclkand arable/horticultural

- . . EMEP/EEA 200der1
Nitric oxide (NO) production
Thai rice IPCQ006bTier2
LeachingFrench crops
Runoff: French crops SALCA (Nemecekand Kagi, 200and
Phosphous (P) Emis_sions from grazing and grassland Prasuhret al, 2006)
Tropial crops(except rice)
Speciaboillesscrops This reportbased on waste water / losses
Thai rice This reportbasd onwater balance
. Applicat_ionof the product: French crops ecoinvent®?2 (Nemecek et Kégi, 2007)
Pesticides clementines coffee
Applicationof the product: Thai rice This report
Dinitrogen oxide(N,O) | Arable / horticultural poduction IPCQ006bTierl
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Substanceemitted / Source of emissions

Resaurce consumed consuner of resource e
Special French crops IPCQ006bTierl
Tropical cropgexcept rice IPCQ006bTierl
Thai rice IPCQ006bTier2

Livestockproduction (huildings andstorage) | IPCQ006bTier2

French arable / horticultural production in RUSLE (Foster, 2005)

] open fields
Soil lost Soilless production Losssetto O
Tropical products Losssetto 0
Land transformation All types ofproduction ecoinvent®2 (Frischknechet al, 2007
Phosphorus nitrogen,
total suspended solids | Aquaculture Papatryphoret al, 2005
7s)
b) Flows nottonsidatred

Several flows were not taken into accountAGRIBALYS®E
v CQ emissions produced by animalespiration: in accordance with the

recommendations of IPCC(2006b). The CQ absorked by the plants during
photosyntresis, and therefore contained in cattle feedvas considered to be
restored to the atmosphere in this fornAs this is not a lonterm storage proess
this type of emissionid not need to be considered

Carbon sequestration in the wood of permanent crofgrapevines andrees): it

is difficult to evaluate the fate of the wod@torage @ shortcycle)the amounts of
CQ involved are low, in accorda&e with the calculations carried out IGITEP£or
nationaldata ses (CITEPA, 2011).

Changes irbiomassand soil carbon stocksifter land use change (LU@) France
although two methodswvere developed for taking account of thehanges in soll
carbon staks(Salouet al, 2012 Appendix E), this source/ sink of emissiors was
not included in thedata ses in the database

Water sampling flows More precise methods for including the water footprint
(green, blue and gray) in Ld3ta set are currently beingdeveloped(AppendixF.
The method considered to be the most efficient at the moment is that developed
by Pfister et al (2009). However, it was not considered to be applicable for
AGRIBALY®EThe direct consumption of water was, therefore, only takeroint
account forirrigation, fertgationand drinking and cleaning water
Gaseousmissionsfrom fish farmingwere not taken into account as insufficient
data was available for troutnd no data was available for th@oduction of sea
bass / sea breanData & being collected for these types @hissions

Only Cd, Cu, Cr, Hg, Ni, Rind Zn, were includedfor trace metals as noreliable
datawas available for the other metals
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' Partiaulate emissiors from activities on the farmanimal and plantproduction).
The data currently available in France and Europe was considered to be
insufficient to take satisfactory account of thesmissions (Faburét al, 2011).

« Parameters could not be defined for the trace metal arsil lossmodels for
tropical products as therevas a lack onformation/data.

« Of the variousNOxgasesonly NOwas consideredor direct flows owingto the
lack of appropriate model®r the other gases

A detaileddescriptionof the parameters formodels for calculatinélH; emissionss given in
AppendixD ¢ Datasheetl.

B.3.5.2 Calcuation of ammonia emissions (Nh)

a) Challenges and requirements
In agricultural production systemsammoniais emitted byvolatilization of the nitrogen
contert:

« In mineral and organic fertilizers
« In excretions from animals wRilgrazing or in buildings
+ In animal excretions during storage

Theseemissionsdepend on the type ofertilizer applied or the type of excretion and asoll,
climatic and microbiologicaonditions.

b) Available models

Several models were found in tlieerature:
v CORPEN (2008)d CORPEN (2006)

MELODIE (Charde al, 2011)

Gacet al,2006

STICS (Brisseh al, 1998)

+2f 0QI ANI O[S /I RNBZ Hnnno
Payraudeatet al, 2007

ecoinvent®/2 (NemecekndKé&gi, 2007)

EMEP/EEA, 2009

EMERCORINAIR, 2006

IPCC2006b

Yanet al, 2003b

(LA«

C) Models selected and sourceseashissions

Existing models werevaluaied, taking account of the selection criter{aeeB.2.9, and the
following modelswere selectedTablel15). The models were selected mayon the basis of
(a)appropriate graularity and (b) international recognition
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Tablel5: Models selected for eackource ofNH;emissions
CORPEN®®G6, 2003, 2001, 1999nd 1999k for calculating
the amount ofnitrogenexcreted by the animals
EMEP/EEA 200Bier 2: for emission factors
Sorage of excrea EMEP/EEA 200Bier 2: for emission factors
Organic értilizersand

Excretions in buildings and
outdoor runs

. . ) EMEP/EEA 200%ier 2
excretion while grazing
Mineral fertilizers EMEP/CORINAIR 200&r 2
Thai rice Yanet al, 2003b

EMEP/EEA (2009nd EMEP/CORINAIR (2006) prombse mass flow rate approach to
distinguish between the emissions for each source considered

The methodology proposed for rice is based on thB2CQOmethod (2006b)which uses the
emission factors specific to rice growing proposedriayet al (2003b).

d) Calcukting thelivestocknitrogenexcretion emissions

A detaileddescription of the parameters forcalculating the iVestock nitrogen excretion
emissions is given WppendixD ¢ Datasheet.

The model used to calculate the dirddk; emissions was based on tingrogenexcreted by
the animals It was, therefore, necessary to estimate this parameter as precisely &iop®os
The most recenequationsin CORPEIor each type ofanimalwere used Theseequations
determine the amount ohitrogen excreted using mass balanc&he amounts ohitrogen
ingested aredetermined from thecompositionof the foodrations distribued. Thenitrogen
fixed by theanimds isbased on the species and development stajge models are given in
Tablel6.

Tablel16: Models used for livestockitrogenexcretion

Type of animal Model used

Dairy cows CORPEN 1999a
Suckler beefgrowing orfattening (suckler and dairy CORPEN 2001
Pigs CORPEN 2003
Poultry CORPEN 2006
Rabbits CORPEN 1999b
B.3.5.3 Calcuating the carbon dioxidg€CQ) flows and emissions

A detailed description of the pameters for models for calculatin€Q emissions is given in
AppendixD ¢ Datasheet.

a) Challenges and requirements
Severaprocesgsin agricultual production systems result i6Q emissions.
+ Liming andapplicationof urea
' Type of land uséoccupationand land managementAppendixE)
« Processes that use fossil fuels for powagriculturalmachiney, livestock buildings,
greenhousef seealsoB.2.4.5
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The ILCD makes many recommendations regar@@gmissions

« Distinctionbetween CQ from fossil fuel enssionsand biogenic CQ: i) to improve
transparency and methodologicéexibility; ii) as biogenic CQ only comes into the
GWPcategory duringevaluation

« Carbon assimaked by theplantsin the data setaséResources from air

+ Changes ibiomassand soilcarbon stocksssociated witHand use changd_(UG or
change in farming practiceswentoried asiCarbondioxide (landransformatiord €

« Use of the most recentPCQOnethod or a more appropriate methods if available to
guantify changes irsoil carbon ®cks

Another major challengaas taking account of soil carbon dynamics, mainly associated with
LUC and changes in farming practiceowever, as no satisfactory methods of taking
account of these sources efmissionsvas found, these flows were not includén thedata

sets in the AGRIBALY®HEatabase A working group was set up within th @ GRIBALY®E
program to consider this mattefhis led to the proposal of two methods fquantifying soil
carbon flows These two methods and their results are gived\ppendixE

b) Available models

Several models were found in the literature
v BPX 3823 (AFNOR, 2011)

IPCC2006b

ecoinvent®2 (Nemeceland Kagi, 2007)
PAS 2050 (Carbon Trgdtal, 2008)
GGELS (JRC, 2010)

Arrouayset al, 2002

IDF, 2010

L L G O G

C) Models selected and scces ofemissions

Existing models were evaluated, taking account of the aims ofABRIBALY®program
seeB.2.4,and the following models were selectétiablel7).

Tablel7: Models séected for each source @Q emissions

Source ofCQ emissions Model selected

Absorptionby the plants ecoinvent®2 (Nemecekand K&gi, 2007)
Application of lime and liquid manure IPCQ006bTier 1

The methodsproposed by Vertregt and Penning de Vrie (1987)and Nemecekand Kagi
(2007)could be used to determine the amount of carbon fixed in the plant biomass from the
carbohydrate, lipid, protein fiber and mineral content in the plants

The CQ emissions associated with the application of lime andiitlgmanure were
determined using an emission fact@pecific to each of thesubstances consated, appled

to the amount appliedLiming was considered only for carrots, cider apples and alfalfa

B.3.5.4 Calcuating tracemetal emissions

A detailed descriptionf the parameters focalculating trace metamissionds given in
AppendixD ¢ Datasheen’4.
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a) Challenges and requirements

The ILCDHandbook recommends taking account of thlesorptionof trace metals by the
plants bysetting updata ses for the various lbws for each metal It also recommends
setting updata ses for the netaccumulationof substancesn the soi] in particular trace
metals(seechapter 7.4.4.1dModelingagro- and forestry systents JR@ndIES 2010a).

b) Available models
Two data sourcesrhodels were identified
A datasource Estimatirg average flowsof trace metals(As, Cd, Cr, Cu, Hg,
Mo, Ni, Pb, Se, Zt) the soils based on th8OGREAstudy (2007).
« A flow calculation modelSALCASM/ecoinvent® calcuhtion of trace metal
flows (Cd, CuZzn, Pb, Ni, Cr, Hgased on mass balan¢ereiermuth, 2006).

C) Modifications

SALCAMis a model foquantifying flows of trace metals affected by farming activitigs
was modified to suit conditions in France usiB@GREAldata, and the AGRIBALY®E
programdevelopeddSALCATMHRE.

d) Models selected and sourcesemfissions

The main source of emissions of trace metals is the agriculturallplaeccordance witlRC
andIES 2010ahe following sources agmissionsvere identified(Table18):

' Emissionsn surface watefdue to soil los$

' Emissiondy leaching

v Themassbalance emissiongo the soil

Table18: Models selected for each source of trace metal emissions
Leaching French crops { V[ /1 !"modifeed for
Runoff and soil losses French crops conditions inFrance(Freiermuth,
Accumulationin or losses from the sailFrench crops| 2006 et SOGREAH, 2007)
Tropical crops Not consicered (seeB.2.4.1)

e) Calcuation of trace metakmissimsby soil losscalcubtion of the amount ooil lost

Trace metal emissions tsoil losswere calculated partly by the model for calculating the
amount of soilost.

A detaileddescriptionof the parameters forcalculating the amounts coil lostis given in
AppendixD ¢ Datasheeb.

Challenges and requirements

The amount ofsoil lostwas not a flow included in the AGRIBALYSE®at&kes. Soil loss

was considered as aource of emissionsf various substances contained in tkeil lost

which is an important parameter for calculating the flows of trace metals and losses of
phosphorusdueto erosion.

JRGand IES (2010ajecommend treating the various substandest in the soilas flows to

0KS aadz2NFIF OS 41 GSNHIRGHRES RHeaNE O2 Y LI NI YSyda
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Available models
The following models were evaluated
« ecoinvent®2 (Oberholzeet al, 2006)
' Study of water erosion of soils rench soil§Le Bissonnaist al, 2002)
« LANCA (Beddt a, 2008)
v RUSLE (Foster, 2005)

Model selected
TheRUSLEodel was se&lcted partly because it met the AGRIBAL Ysge®tion criteria and
partly because its granarity was particularly suitable for the work carried out

B.3.5.5 Calcuation of combustiongas emissions

A detaileddescriptionof the parameters forcalculatingcombuston gas emissions during
farming activities is given ippendixD ¢ Datashee®.

a) Challenges and requirements

A significanfpart of polluting enissionsto the aircomes fromthe fuel used by tractors and
automotive machines(using diesgl or when burning fesil fuels for heating(eg
greenhousep

b) Models selected and sourcesemfissions

The model proposed by ecoinvent® v2 (Nemecek and Kagi, 2007) was selected for fuel used
for power and heating For eachtype of substancean emission factor was applied the

amount of fuel Theemissionsassociated with the powetonsumption in livestock buildings

and for heating greenhouses was taken into account using existirdataCies.

B.3.5.6 Calcuating methane (CH) emissions

A detailed descriptionof the parameters fo CH emissions is given iM\ppendix D ¢
Datasheef.

a) A) Challenges and requirements

Emissions from enteric fermentation ruminantsare a majorsourceof greenhouse gases
accounting for6% of emissions quantiéd in Francen 2009 (CITEPA, 201D)hey ae,
therefore, a keysource, according tdPCCIt isrecommended that they should be taken into
account by methods abovEier1.

Methane emissionsare alsosignificant in the paddy fields in south east Asi& Tier 2
approach is recommended

b) Available modls
Two models were identified in théerature:
v |PCC2006b

< GESTIMGacet al, 2010)

C) Models selected and sourceseofissions

These models were evaluated to determine whether they met the requirements of the
AGRIBALY®program seeB.2.4, ad the followng were selectedTablel9).
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Table19: Models selected for each source Gf emissions

Source ofCH emissiors Model selected

Emissions from enteric fermentation

Cattle IPCQ006bTier2
Sheep IPCQ006bTier2
Goats IPCQ006bTier1
Figs IPCQ006bTier1
Poultry IPCQ006bTier 1

Excretions in buildings and during storage IPCQ006bTier 2
Excretions in grasslands and outdoor run{ IPCQ006bTier 2
Thai rice IPCQ006bTier2

For methane emissions from enteric fermentatj@specific emission factavas calculated
based on thecomposition of the rations distributed to eachtype of animal. This was
expressed ifkg CH, emitted/ head year.

Theemissionsfrom excretions depenan the type of excretion produced and the systems
for managing excretion in the livestock buildindaringstorageand on grassland

The IPCOnethod calculates themissionsfrom rice growing using a basic emission factor
that depends on: i) the watering system ii) the type and quantity of organic matter applied
andiii) the type of sal and thecultivar.

B.3.5.7 Calcuating nitrate emissions (NG)
A detaileddescriptionof the parameters fomodels for calculatingdO; emissions is given in
AppendixD ¢ Datashee8.

a) Challenges and requirements

This flow was included in thAGRIBALYSE® program given dbtribution of nitrate
emissionsto eutrophication. They alsocontribute to greenhouse gagmissions ifidirect
dinitrogen oxideemission$.

Leachingaffects thenitrogenreceived by a crop and takes place mainly during the draining
period which follows the crop harvestoestimate nitrogenleaching this period was taken
into account although it is outside thassessmenperiod definedfor the plant LCtlata sés
(from the harvest of the previous crop to the harvest of the crop conceriseéd chapter
A.2.2.3).

b) Available models

Two types of model for estimating N@ere found
Dynamic modelsanddynamicmassbalances
« DEAC (Cariolle, 2002, Cohetnal, 2011 and SALCAN [Richneret al, 2006) These
models require input data for the sailimatic conditions and for farming practices
« Nitrogen +water balance
v SQCR, Sustainable quick check for biofuels (Fatsal, 2009)

Fixed emission factor models
v COMIFERable (2001)
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« INRA tabl¢BassetMenset al, 2007)
v IPCQ2006b),Tierl

C) Models selected and sourcesenhissions

None of the models covered thgarticularrequirements of althe crops consideredannual,
permanent tropical)and so different models were selectéal calculate thenitrate leaching
depending on the type of crop

French annual crops

Dynamicmodels gave a precise simulation of the emissions at plot scale depending on the
farming practices and the conditiondowever using them required a considerabuantity

of data not always available from theéata collecied for theprogram as well as considerable
amount of work for parameterization which did not fit into tA&RIBALY®SCHEDULEhe
INRAtable was drawn up for a specific solimatic backgrond and particular production
systems

It was, therefore, decided to develop a new approach based onGO&IFERhodel that
could be applied td=rance.This was a simplified approach, set up by a group of recognized
experts for plot-scale analyses that atd be used on larger scaldgsegions etc). This
method took account of the maifactors determining leachingand also had the advantage
that it would be ready for use within a short space of time

Orchards and grapevinespecial French crop@ncludingcarrots and soilless crops

The SQCB model (Fagstal, 2009) was selected for orchards, grapevines and special French
crops For ving/ards with grassover, leaching was considerddr only 50% of the field The
effect of grasgoverwas not considereth orchards.

Anexceptionwas made for soilless crop productighrubs roses andtomatoes) with open

or closedcircuit fertigation: leachingwas calcuhted on the basis of the waste water which
was considered to b&eachedinto the surface wateror ushg a nutrition solution loss rate
defined by expert opinion

Grassland

Neither the modified COMIFERable (for annual cropy nor the SQCBnodel were able to
meet the requirements for the various types of grasslgtemporary, permanent,grazed
grass. Asthe DEAGnodelwas parameterized specifically féranceand tookaccount of the
parameters for distinguishing between the different types of grasslaitchte leachingfrom

the grassland was calculated separately for fivegrassland LGlata ses in AGRBALY Si&
using theDEAGNnodel

Outdoor runs

Estimates ohitrate losses from outdoor runs were based BassetMenset al (2007).An
emission factor ofL7.5%of the nitrogen applied was usedThis was applied to all outdoor
runs, regardless of thiype of animal.

Tropical crops

ThelPCQ2006b)Tier 1 model was selected fdropical cropsgiven the lack of information
required to implement other methods and to ensure methodological coherence between
the different types of tropical cropA specific moddbased orthe nitrogen mass balance and
water balancevas selected for rice
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The models selected are givenTiable20.

Table20: Models selected for each source M; emissions

Source 6 NO;emissions | Model selected
Annual French crops COMIFER 2001 pited (Tailleuret al, 2012)
Special French crops SQCB (Faistt al, 2009)
Special soilless crops This report:Basedon waste water water losses
Grassland This report:DEAC
Tropicalcrops(clementines coffee) IPCQ006bTierl
Thai rice This report Bagd onwater balance
Livestock poduction: Outdoor runs BassetMenset al, 2007
d) Modifications

TheCOMIFER (200fi) { S& | OO2 dzy {(degefding on thepedbd Zble 16Ja0Ed
nitrogen without plant coverthe amount ofnitrogenreleased by cropesidues, the nitrogen
absorptioncapacityof the following cropin the falland the application of organic fertilizers
inthefal) - Yy R | & O2 ydependihgRoyi thequaditity §f water percolating through
the soil (CORPEN, 199and the mineralization conditiong. However it did not originally
take account othe quantity offertilizer applied tothe crop with respect to itswutritional
requirements before the leaching periadThis parameter was modified and addefin
amount of nitrate leched was associated with each risk ofa@hing level based on
experimental data or, when the experimental data was insufficient, estichdtem the
DEAC modéd[Cariolle, 2002; Jolivel, 2003).

B.3.5.8 Landoccupation and transformation

A detaileddescription of the parameters formodels for calculatindand occupation and
transformationis given inAppendixD ¢ Datashee®.

a) Challenges and requirements
ForLCA, land usecoversland occupation andand transformationfrom the point of view of
economic competition of activities requiring land aréand occupation is independent of
OKIy3aSa Ay az2if OIFINb2y aaz201ae LG A& O2y OSNJ
A distinction is drawn betwee
+ Land occupation: the land is maintained in an unnatural state because of the way the
land is usedFrischknechet al, 2007%).
+ Land transformation the changeover from one type of larmtcupationto another
(Frischknechet al, 2007%.

b) Models selected ansburces oémissions

The models selected for calculating this parameter are givaaloie21.

Table21: Models selected fofand occupation andandtransformation
Land occupation ecoinvent®2 (Frischknechet al, 2007
Landtransformation ecoinvent®2 (Frischknechet al, 2007
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B.3.5.9 Calcuating nitric oxide emissiong(NO)
A detaileddescriptionof the parameters forcalculatingnitric oxide emissions is given in
AppendixD ¢ DatasheetlO.

a) Challenges and requirements

Nitrogen oxides areproduced during the denitrification processes In farming these
emissionscan increase significantly owing to the applicationnifogen in the form of
mineraland organic fertilizers from animal excretion

b) Available models

Several models were identified in theerature:
ecoinvent®2 (NemecelandKagi, 2007)
GESTIMGacet al, 2010)

EMEP/EEA, 2009

IPCC2006b

MELODIE (Chardat al, 2011)

Yanet al, 2003b

L G G G Q

C) Models selected and sourceseashissions

The models selected are givenTiable22.
Table22: Models selected for each source 8lOemissions

Source ofNOemissions Model selected

Excretionin livestock building EMEP/EEA 2009jer1
Excretion during storage EMEP/EEA 2009jer1
Mineral and organc fertili zation EMEP/EEA 2009jer1
Thai rice Yanet al, 2003b

Emissions from animal excretion in buildings and during storage depeni) thre type of
animaland thetype of effluent; ii)the number of animals aniii) the length of time they are
present

A single emission factor was used for mineral and ordganiiti zers, regardless of the type of
product

B.3.5.10 Calcuating phosphorusemissiors (P/PQ)

A detailed descriptionf the parameters fomodels for calculating phosphorus emissions is
given inAppendixD ¢ Datasheen®11.

a) Challenges and requirements
Given theimportance of phosphorusin eutrophication, this flow was includedn the
AGRBALY%.?Igata ses.,PI:losphorus emvissions are mainlx flofewving tofertilization) to
GadzNF¥F I OS g1 U sdipartingitR 4G I |j dzZA ¥ S NI
b) Available models
The models weredentified in theliterature:
v SALCAP/ecoinvent® Method appled for calculatingphosphousemissions in
the ecoinvent@®LClIAdocumentd inNemecekand Kagi (2007and Prasuhret
al (2006).
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« Application of fixed factors (eg 0.69%o0f P appied), from experimental
results in several Frenarainage basis(Castillorand Lesouder, 2010).

v ECODEFA methodological approach based on the results of Ef@ODEFI
project which focused orunoff (Pradelet al, 2011)

C) Models selected and sourcesemfissions

Few projects have been undertakenkranceon a scale as large as that in tAGRIBALY®E
program (Thomas NESME, ENITA Bordeg&xsonalcommunication 2011)The ECODEFI
LINE2SOG FYR 4Gl LILX AOLGARZ2Y 2F FAESR T OG2NREE
not selected as they were considered too specifite SALCA model was selected because

it had a more generic scope and was valid for all the sourcesnegsionsfor major crops as

well as for grasslandt should, however, be noted that it was validated for Switzerland and

not for France. The following sourcesavhissionsare given inrable23.

Table23: Models selected for each source of phosphoeunsissions

Source of phosphorusmissiors Model selected

Emissiondy leaching

Emissiondy run-off SALCA (NemecekandKagi, 200And

Emissiondrom soil loss Prasuhret al, 2006)

Tropical cropgclementines coffee)

Thai rice This report based onwater balance

Speciakoillesscrops This report:based on waste water Ivater
losses

Emissiondrom storage of manure Not considered

d) Modifications

Thephosphoruscontent of organic manure and sludge wagustied for French conditions
The following three parameters could not be modified as there was a lack of available data
(AppendixD, datasheetl1).

' Average gantities of phosphorudost byleaching

« Average quantities of phosphorus lost by runoff

« Average phosphorus soil content

Default values fronSALCA’ models were used for these parameters

e) Calcuating phosphorugemissions bgoil losscalcuhting the amount okoillogt

The calculations for phosphorus emissions duesad losswere based on the model for
calculating the amount of sdibst (seeB.24.4.¢e)

B.3.5.11 Calcuating pesticide enissions

A detailed descriptiorof the parameters fomodels for calculating pesticide essions is
given inAppendixD ¢ Datasheetl2.
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a) Challenges and requirements

Apart from its initial aimto protect plants against harmfubrganisms the application of
pesticidescausesemissionsof active substancedo the water, air and soitompartments
with the risk oftoxicity for organisms notargeted by these products

b) Available models

The following five models were studied
' Audsleyet al (2003, who proposel dividing pesticide emissionbetween soil

(88.4%), cop (8%), air(2%)and water(1.6%)compartments

« Anton et al (2004, who developed a dynamic model targeted at the
application of pesticides in greenhouses taking account of factors such as
drift, canoyy, vapor pressureetc.

' ecoinvent®v2.0 (Nenecek and Kagi, 2007gccording to which100% of
pesticides applied are emitted into the sodmpartment

v EMEP (EMEP/EEA, 2009), part d@er | - which proposeal five emission
factors into the airompatment, depending on the saturatedapor pressure
of the activesubstancelfetween1%and 95%)

« PestLC1.1 (Birkvedand Hauschild2003)who calcubted the emissionsand
their fate on the basis of the time lapsed since thpplication using a
dynamic model which requires considerable input data

C) Modification

None of the models identified was consideragpropriate for the purposes oAGRIBALY®E
Work began on thedevelopment of a simplified approach which took account of two
parameters (vapor pressure am@nopy). Alter discussionwith anexpert (P. Roux, IRSTEA),
this was abandoned because it could natver severaltypes of application method
(fumigation, injection, etc.).

The ecoinvent® v2.0 model, which assumes that 100% of the quantities applied are emitted
into the soil compartment, was selected as it is commonly used for producingDif@Aat
emissons from the application of pesticides are potential maximum emissions the
absence of reliable dafahe assumptiondl00%( 2 (i K ®as alsb fafipked for growing
crops under covefeg plasticfilm, in greenhouses aunnels) and even forsoillesscrops
Anexceptionwas made for rice which is grown in fields that are flooded for all or part of the
growing period For rice it was assumed that pesticides were emitted in equal parts into the
water and soicompartmens.

d) Models selected and sourcesemfissions
The models selected are givenTiable24.

Table24: Models selected for sources gfesticideemissions

Source of pesticidemissions Model selected

All crops(except ricg ecanvent®v2 (Nemecek andagi, 2007)
Tha rice This report(50% sd/50% water)
fSilcr)T:IIes crops or crops grown under plastic ecoinvent@v2 (NemecekandKagi, 2007)
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B.3.5.12 Calcuating dinitrogen oxideemissiong(N,O)

The emissions of D from agriculture a mainly due to the use of mineral and organic
nitrogen amendments and the management of manure and slurry. Teewitted comes
from the nitrification- denitrification process and is a major contributor to global warmig.
detailed descriptiorof the parameters formodels for calculating\,O emissions is given in
AppendixD ¢ Datasheetl3.

a) A) Challenges and requirements

In farming NO emissions mainly come from mineral and orgarfertilizers and
management of animal excretions

b) Available models

Seveal models were identified in thiterature:
v CORPEN (2008hd CORPEN (2006)

MELODIE (Charden al, 2011)
Nemecekand Kagi, 2007
EMEP/EEA, 2009
IPCC2006b

Daumand Schenck, 1996

CAL QKL

C) Models selected and sourcesemfissions

The model selected fatinitrogen oxide emissions was thatroposed byIPCG2006b)which

is internationaly recognized by scientist§Vhen Tier 2 emission factors were available they
were used butfor several casegier 1 had to be used

The models and sources @issiongor calculathg N,O emissions are given ihable25.

Table25: Models selected for each source bbO emissions

Source ofN,O emissions | Model selected
Arable / horticultural production | IPCC006b,Tier 1 (for emission factors
(agriculturalsoilg

Special French crops IPCC2006b, Tier 1(for emission factore’
Tropical cropgclementines IPCQ006b,Tier1

coffee)

Thai rice IPCQ006b, Tier2 based onYanet al, 2003b
Grazing IPCQ006b,Tier1

Excretions irbuildinggstorage CORPEN 2006, 2003, 2001, 1988d 1999b:for
calculating the amount afitrogenexcreted by the
animals

IPCQ006b,Tier2 for emission factorgand the
fraction leachedt

Excretions in outdoor runs IPCQ006b,Tier2 for emission factors (and the

fraction leached)
1) Indirect N,O emissions were notalcubted using the default Eched andvolatilizedfractionsin IPCGut by
calculating thequantitiesleachedandvolatilized usingnitrate andammoniamodels
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Daum and Schenck (1996) analgd the volatilization of N,O for soillesscrops As the
emission factor they proposed was close to that IBfCC(2006b) and it has large
uncertainties the NO flow estimation method used for agricultural soils was finally
selected

B.3.5.13 Water usage

For producing an LCAvater has until now been considered as a potential receptor of
polluting emissionsThe quality of the water is taken into account particular with
categoriesof impacton eutrophication, acidificatiorand ecotoxicity.

However water has not as yet been taken into account as a resoufRecent
methodological developments are able to take account of the impact of water consumption
A bibliographt study carried out b IRADdentified the method developed bipfisteret al
(2009)ascurrentlythe most efficient{AppendixF).

The data required to implement this method is the amount of water consumed by the
production processs. However, as thisnformation was not available from the variowsata

sets used for the AGRIBALY®Ebduct inventory, themethod developed byPfister et al
(2009)could not be used

B.3.5.14 Calcuating emissionsof phosphorus, nitrogen and total suspended solids from fish
farms

A detailed description of the parametgior calculatingN, Pand TSS emission®in fish

farms is given il\ppendixD ¢ Datasheetl4.

a) Challenges and requirements

Given the special nature of the farming methods, fish farms reapetentially significant
impact on the environment, in particular fautrophication. A more accurate estiate is,
therefore, required of the TTShitrogen and phosphorus emissions in dissolved and
particulate form using specific models

b) Models selected and sourcesemfissions

Models of phosphorus nitrogen and TSS emissions have been developed specifically f
French fish farmgPapatryphonet al, 2005). The models selected for calculating this
parameter are given ifable26.

Table26: Models selected for eaclsubstancesmitted by fish farms

Source of emissions Model selected

Nitrogen
Phosphorus Papatryphonet al, 2005
Total suspended solids (5%
The model selected is based on the principle of a balance between inputs and outputs
required a knowledge of theompositionof the foodrations distribded to the fish the
compositionof the fish(the trace elements in eadiissie) and the quantity ofundigested
nutrients.
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B.4 Allocationof flows andemissions

B.4.1 Allocationof shared inputsinfrastructure

The infrastructure requirements for farmig were taken into account bwllocating the
impacts of theinfrastructure prorata for the operation time (for arable / horticultural
agricultural processgr pro rata for the time the area required is occupiéftbr buildings.
Theoperation timecoversthe time required to do the work and the preparatiomhis is a
standard approach for agricultural product LGRsmecek and K&g007, Gacet al, 2010.

B.4.2 Allocationto co-products

AGRIBALY®ES limited to agriculturaproduction. With the exceptionof cetain processes

carried out on the farnfeg: haylage silage, etc).JNB OSa & A y 3 G PppstfamESs F I NI €
not considered Coproducts such agpresscake from post farm processingre not within

the scope ofAGRIBALY®ECertain ceproducts were, hwever, evaluated using existing

studies for the whole of the processing stage but only where theroaucts were used for

animal feed/Appendix L)

B.4.2.1 Definition 2 Fco-groducté

Agricultural production systems are often used for several purposes and a proglection

system may provide severab-products. ¢ KS & Yl Ay LINE RAGRIBALYSBEBE RS T A
the output from the main production of the system considered. All other outputs produced

by the systenwere defined aso-products.

B.4.2.2 Princidesand choices

a) Basic rule

As a general ruleAGRIBALY®Eomplies with international standards. Whatever the
allocation rule selected, it must apply equally to the main product ancbtproducts. In all
cases, the allocatioprocedureis described in detail

b) Hierarchy
The allocation rules are based on the recommendations initiberpretation note (guide de
lecture) for the methodology appendix ofthe BPX 3823 manual (AFNOR, 2011)n
accordance witHSO 14044 (ISO, 2006) AGRIBALY®Ikhe following generahierarchy is
used for the allocatiomethods
«  Option 1: Wherever possibleallocationshould be avoidedy:
V dividing the unit process to be allocated into two or more subprocesses and
collecting the input and output data related to these spitmcesses, or
V By eyanding the product system to include the additional functiae$ated
to the co-products, takinginto account of the requirementsf 4.2.3.30f ISO
14044 (ISO, 2006bJhis is not an option fortaibutional LCI databasesuch
asAGRIBALYSE®.
« Option 2. Physial allocation. The inputs and outputs of the system should be
partitioned between its different products or functions in a way that reflects the
underlying physical relationships between them, i.e. they should reflect the way in
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which the inputs and outpwt are changed by quantitative changes in the products or
functions delivered by the system

« Option 3. Economicallocation. The economic value of theo-products (eg the
market valué represent the production goal This allocatiormethod is mmmonly
usedin LCA when there is no physical criterion that is relevant for the product or for
the co-products. The disadvantage of this allocation method is that the impact of the
products depends on the market and may vary significantly from year to year even
thoughthe production system remains the same

« To overcome thigroblem, the values aresmoothed over 5 years excluding the
highest and lowest valuef@lympic average This method gives the value of a
product and how the market value changescluding majoprice swings
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C) AGRIBALY®products /co-producs

Table 27 gives an overview of theroducts / co-products for each producttype and the
methods forallocating the flows betweenproduct and co-products. These method are
described in the following chapte(B.3.2.30 B.3.2.5).

Table27: Products/ co-products generated inAGRIBALY®E Method selected forhandling

co-products

Method selected

Producttype FIOGIELACE for handlingco-
product
products

Cereals /protein Grain Econome

crops straw

Carots Marketable arrots ~ 100%
Waste Not consicered

Orchardd Grapevines Fruit 100%
Prunings Not considered

Arable / horticultural Grassland ﬁ;;zed grass Weight

Clementines Clementinesexport Econong
Clementineslocal

Coffee Green offee seed Economic
(mainproduct) 96%
Pulp (compostd on 4%
plantation)

Suckling beef Young bullg heifers Bio-phystal
Cull cows

Dairy cattle Milk Bio-phystcal
Cull cows
Calves

Sheep iheat) Lambs Bio-physcal
Wool
Cull sheep

Livestock Sheep (milk) Milk Bio-phystcal

Lambs
Wool
Cull sheep

Goats (milk) Milk Bio-phystal
Qull goats

Layers Eggs Bio-phystcal
Cull poultry

Figs Pork Bio-phystal
Cull sows
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B.4.2.3 French crops

a) Grain /straw (cereals, protein crop$

It was decided taise economic léocationfor straw as a cgroductof grain However as the
straw market is currently not very structured, the data on the economic value ofcthis
productis not very reliableConsequentlyno value wasllocated to the straw and 00%of

the impact was allocated to thegrain. An exception was done concerning biogenic CO2, a
mass allocation was performed to account for the real carbon flow.

Note. The straw market may one day become more structured or maoszkable,
representative data may become availab&electingeconomicallocationmakes it possible

to take account of this data in an update to tA6GRIBALY®Hatabase

b) Marketable carrotg; Carot waste

In accordance with the allocation rules for the othproducts, no allocation was made for
waste The carrot yield included top grade carrots (for the fresh vegetable market) and
second grade carrotgfor industrial processing Not distinguishing between these two
outputs is equivalent to masallocation i.e. the two types of carrot have the same impact

C) Peache#nectarines, apples/ cide applesc wood, grapes for wine wood

As the wood and prunings from orchards are usually burned in the field, the wood is not
considered as ao-productleaving the fieldand so naallocationis required
As for carrotsthe yield from apples includes second grade apples for industrial processing

d) Grass for hay / silagend grazed grass

The grasslantCldata ses include five.CI data setfor grasggrazedby cattleand twelve cut
grassLCldata ses with both cutting and grazing Some of the grass &ored (hay, haylage
silage)and considered to be the main product of the LTe other part is grazed for the
period of the inventory and considered ascaproduct Massallocationwas usedfor the

flows related to pasture seeding and fertilizingn the basis that the protein and energy
content of the grassvas roughly the same whether the grasss grazed or harvested to be
preserved Flows due to harvesting were fulljiacated to stored gras$. K S & INJ T SR
co-productswere not included in theAGRIBALY®Hatabase as therevere five LCtata ses

for full grazing (cattle) and no use of theseproductdata ses wasenvisaged

B.4.2.4 Tropical crops

a) Export grade clementirse; Local market grade clementines

Economic allocation was usdxktween local market grade clementines and export grade
clementines.

Wood from prunings in Moroccan clementine orchards was not considered agpuedoct
leaving the plot. This wood was gea#ly shredded and spread on the ground between rows
and so no allocation was required.

b) Coffeeq wood

Some of the wood from pruning in coffee plantations is left in situ and some is used for
heating. As this wood has no market value, no impacts were #dda it.
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B.4.2.5 Livestock production

For livestockproduction, the impactswere allocated to the relatedproduds dza A y 3 - | a0 A
LK & & A Ol {FigureY®. miidly, allocationwas avoidedby dividing the process into
severalunit processs, breaking the lifef the animal down into characteristic development

stages. Focertain staes,there were always severgbroducts, and so an allocation lehto

be made for example for the milkproductionphase for cattleAn allocationfor milk/ calves

had to be made Thswas donepro rata for the energy required for the various physiological
functions of the animal and to produce the product acolproducts. Five functions were

defined maintenance activity, growth, lactationand gestation.LCI «Animal of O day (ex:

oCalf of 0 dag) correspond to phase®quiredto build « younganimak for meat» LClsand

replacing animalst KS&S [/ L{ FINB y24 FAYyIlIf LINRBRdzOG I 0
OXBkCwéUv YR OFLyQi o6S dzaSR I a &dzOK

Cull cow
Environmental impacts Environmental
e impacts

Calf birth- Replacement Replacement Replacement
heiferweaningg heifer¢1-2 heifer ¢ over 2
1 year years years

Dairy cow in fulll cCull cow at enc

weaning production of life

Environmental
. impacts
M | | k AlLactation(Maintenance + Activity) *1¢(Gestation/ Lactation) / \
Calf AGestation (Maintenance + Awviiy) * (Gestation/ Lactation)

ik

Figure14: Allocation ofimpactsto co-producti  dza A ViIIIK & & @ Af2é Y2 RSt F2NJ
blue is the development stages for which the impacts are allocated to the cull cow and green

for the stages for which the impacts are allocated to milk and calMesimpactsbetween

milk and calvesare allocatedoro ratato the energy required to produce these two products

AppendixM gives the allocation factors used AGRIBALY®E
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