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!ōǎǘǊŀŎǘ 

The AGRIBALYSE® program 

Farmers, the food industry, policy makers and consumers are increasingly interested in the 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ŦƻƻŘ ǇǊƻŘǳŎǘǎΦ Lƴ нллфΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ άDǊŜƴŜƭƭŜ ŘŜ 
ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘέ ƻǊƎŀƴƛȊŜŘ ōȅ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ, it was clear that it was 
necessary to improve the understanding of the environmental impacts of agricultural 
products and share the resulting data. The French Environment and Energy Management 
Agency (ADEME) launched the AGRIBALYSE® program to create a Life Cycle Inventory (LCI) 
database of French agricultural products. This database is restricted to flow LCI data sets 
and data for life cycle impact assessments (LCIA) rather than full life cycle assessments 
(LCA), which would require several more steps: normalization, aggregation and 
interpretation of the results. Many partners contributed to the program, including research 
institutes (INRA, Agroscope, CIRAD) and Technical Institutes representing the whole of the 
agricultural industry. 
 
AGRIBALYSE® was built with two aims: i) build an LCI database to provide data for 
environmental labeling of food products and ii) share the data to enable the agricultural and 
food industries to assess the production chain and reduce environmental impacts. 
 
AGRIBALYSE® provides 136 LCI data sets for arable, horticultural and livestock products. The 
deliverables are: 

 A database in  ecospold_v1 formats.  
 Two Excel files (one for animal production, one for crop production) provided for 

AGRIBALYSE v1.2 with LCI and LCIA indicators. 
 A final report in French and English (Agribalyse: Assessment and lessons for the 

future, Colomb et al, 2013), describing the project stages and 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 analysis of the results for two products 

 The AGRIBALYSE® data collection guide 
 This report on the methodology 

 

This report on the methodology 

General aim of the report 
This document presents the methodologies selected by the 14 partners during the 
construction of the AGRIBALYSE® database. Most of these were adopted unanimously, the 
others by a majority vote. In conjunction with the metadata with each LCI data set, this 
document ensures that the AGRIBALYSE® approach is transparent. It gives a detailed 
description of the methods selected but is not intended to be a manual. It should help LCA 
practitioners to assess the quality of the AGRIBALYSE® database and create LCI data sets that 
are comparable to those of the AGRIBALYSE® database. 
 
LCI data set handling: data collection, conversion and calculation 
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The data for the production systems was entered by the Technical Institutes using the data 
collection module (DCM) developed for AGRIBALYSE® using Excel. This module was then 
coupled to the direct emission calculation models within the inventory data processing 
system (IDPS), also using Excel, to obtain the direct emission flows. The background 
processes were then added using Simapro® to obtain the LCI and LCIA data sets. 
 
Quality control 
There were two levels of quality control. The quality of the production system data, entered 
by the Technical Institutes into the DCM, was checked by independent experts. The LCI data 
calculated by INRA and Agroscope was checked internally by the Technical Institutes. This 
two-stage quality control process significantly improved the quality of the LCI data sets. 
 
Products assessed 
AGRIBALYSE® created LCI data sets for the main French agricultural products (and three 
imported products), using a standardized hierarchyΦ άtǊƻŘǳŎǘ ƎǊƻǳǇǎέ ǿŜǊŜ generalized 
products (e.g. wheat, maize, broilers, pigs, etc). The French average LCI data sets for most 
product groups were built by averaging the individual LCI data sets for varied production 
systems (e.g., conventional, organic, AOC, regional variants, etc). These average LCI data 
sets were constructed case by case. Including variations within product groups, the 
database contains a total of 136 LCI data sets: 80 for livestock production and 57 for arable 
and horticultural production (Appendix A). 
 

Products inventoried in AGRIBALYSE® 

Annual crops  Durum wheat, soft wheat, sugar beet, carrots, rapeseed, faba beans, grain 
maize, barley, peas, potatoes, sunflowers, triticale 

Forage/grassland Grass, alfalfa, silage maize 

Fruits and vineyard Peaches, apples, cider apples, wine grapes 

Special crops Roses, tomatoes, ornamental shrubs 

Tropical special crops Coffee, clementines, jasmine rice, cocoa,oil palm fruit, mango 

Arable and horticultural total: 28 product groups 

Cattle CowΩǎ milk, beef cattle 

Sheep  SheepΩǎ milk, lambs  

Goats  GoatΩǎ milk 

Poultry  Eggs, broilers, turkeys, ducks for roasting, ducks for foie gras 

Rabbits Rabbits 

Aquaculture  Trout, sea bass/sea bream 

Pigs Pigs 

Livestock total: 14 product groups 

 
Representativeness 
AGRIBALYSE® originally aimed to provide LCI datasets for agricultural products 
representative of the French market. However, due to the variability of farming practices, 
soils and climate in France, it was often difficult to construct ŀ ǊŜŀƭƛǎǘƛŎ άƴŀǘƛƻƴŀƭ ŀǾŜǊŀƎŜέ 
production system. This was one reason for creating several LCI data sets for the same 
product, for different farming practices or regions. Where possible, they were then 
averaged ǘƻ ƻōǘŀƛƴ άƴŀǘƛƻƴŀƭ ŀǾŜǊŀƎŜέ ǇǊƻŘǳŎǘǎ but, even so, an LCI data set representative 
of the whole of France was not possible for all products. Representativeness should always 
be considered when using the LCI data sets. 
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System boundaries (space and time) 
The system boundaries for the AGRIBALYSE® LCI data sets are from cradle to farm gate. For 
crops, all up-stream processes (input production) are included but post-harvest 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 are included (e.g., animal 
production, fodder storage, milking room and machines) but no processing phase is 
included (e.g., slaughter, cheese making). 
 
To build LCI data sets representative of current production systems, the reference period 
chosen was from 2005 to 2009. Direct emissions, linked to animal and crop production, on 
the farm itself were modeled in AGRIBALYSE®, whereas indirect emissions associated with 
inputs were based on existing data, mainly from ecoinvent®. Additional work was required 
for indirect emissions associated with some feed ingredients (Appendix L). 
 
Models used to calculate direct emissions 
Farming activities cause direct emissions (e.g., CO2, NH3, trace metals, P, pesticides) and use 
resources (e.g., water, land). Emissions to environmental compartments (i.e., water, soil, air) 
were calculated using models. Each emission was calculated using a specific model chosen 
to be the most suitable for the requirements of the program. Table 15 shows the emissions 
and resources included, the source and consumers and the models used. 
 
Allocation 
The allocation rules follow international recommendations. For arable and horticultural 
crops, most co-products are generated in the processing phase, which is not included in 
AGRIBALYSE®. For livestock prƻŘǳŎǘƛƻƴΣ ŀ άōƛƻǇƘȅǎƛŎŀƭέ ŀƭƭƻŎŀǘƛƻƴ ƳŜǘƘƻŘ ǿŀǎ used. If 
possible, allocation was avoided by breaking the system down into animal classes, 
characterized by animalΩǎ age/physiological stage and management. Then, for animal classes 
requiring allocation (e.g., dairy cows during milk production), allocation was based on the 
metabolic energy required to produce each co-product (e.g., calf, milk). However, impacts of 
animal classes producing a single product were allocated 100% to this product. For example, 
all the ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ άŘŀƛǊȅ ƘŜƛŦŜǊέ Ŏƭŀǎǎ weǊŜ ŀƭƭƻŎŀǘŜŘ ǘƻ ǘƘŜ άŎǳƭƭ Ŏƻǿέ ǇǊƻŘǳŎǘΦ 
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wŞǎǳƳŞ 

Le programme AGRIBALYSE® 

Les impacts environnementaux des produits agricoles est un sujet qui intéresse de plus en 
plus les agriculteurs, les filières, les pouvoirs publics et les consommateurs. Suite aux 
ŘŞŎƛǎƛƻƴǎ ǇǊƛǎŜǎ Řŀƴǎ ƭŜ ŎŀŘǊŜ Řǳ DǊŜƴŜƭƭŜ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ Ŝǘ Ł ƭŀ ǾƻƭƻƴǘŞ ŘŜ ƳǳǘǳŀƭƛǎŜǊ 
Ŝǘ ŘΩŀƳŞƭƛƻǊŜǊ ƭŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ŘŜǎ ƛƳǇŀŎǘǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ ŘŜǎ ǇǊƻŘǳƛǘǎ ŀƎǊƛŎƻƭŜǎΣ 
ƭΩ!59a9 ŀ ŘŞŎƛŘŞ ŘŜ ƭŀƴŎŜǊ ǳƴ ǇǊƻƎǊŀƳme pour réaliser une base de données (BDD) 
ŘΩLƴǾŜƴǘŀƛǊŜǎ ŘŜ /ȅŎƭŜ ŘŜ ±ƛŜ όL/±ύ ŘŜǎ ǇǊƻŘǳƛǘǎ ŀƎǊƛŎƻƭŜǎΣ ƴƻƳƳŞŜ !DwL.![¸{9®. Cette base 
ŘŜ ŘƻƴƴŞŜǎ ǎŜ ƭƛƳƛǘŜ Ł ƭŀ ǇǊƻŘǳŎǘƛƻƴ ŘΩƛƴŘƛŎŀǘŜǳǊǎ ŘŜ ŦƭǳȄ όL/±ύ Ŝǘ ŘΩƛƳǇŀŎǘǎ ό!L/±ύ ǇŀǊ 
ƻǇǇƻǎƛǘƛƻƴ Ł ƭŀ ǇǊƻŘǳŎǘƛƻƴ ŘΩ!ƴŀƭyses du Cycle de Vie (ACV) complète, incluant les étapes de 
ƴƻǊƳŀƭƛǎŀǘƛƻƴΣ ŘΩŀƎǊŞƎŀǘƛƻƴ Ŝǘ ŘΩƛƴǘŜǊǇǊŞǘŀǘƛƻƴ ŘŜǎ ǊŞǎǳƭǘŀǘǎΦ [Ŝ ǇǊƻƎǊŀƳƳŜ ŀ ŞǘŞ ƳƻƴǘŞ Ŝƴ 
collaboration étroite avec les partenaires de la recherche (INRA, Agroscope et CIRAD) et 
avec les Instituts Techniques des principales filières agricoles. 
Le but de ce travail est double Υ ƛύ Ŏƻƴǎǘƛǘǳǘƛƻƴ ŘΩǳƴŜ ōŀǎŜ ŘŜ ŘƻƴƴŞŜǎ ŘΩL/± ǇƻǳǊ ǊŜƴǎŜƛƎƴŜǊ 
ƭΩŀŦŦƛŎƘŀƎŜ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀƭ ŘŜǎ ǇǊƻŘǳƛǘǎ ŀƭƛƳŜƴǘŀƛǊŜǎ ; ii) mutualisation des connaissances 
pour aider les professionnels du monde agricole et agro-ŀƭƛƳŜƴǘŀƛǊŜ Řŀƴǎ ƭΩŀƴŀƭȅǎŜ ŘŜǎ 
filières et la réduction de leurs impacts environnementaux. 
Le programme a permis la mise à disposition de 136 ICV de produits agricoles animaux et 
végétaux. Les livrables sont : 

 Une base de données ICV sous format ecospold_v1.  
 Un fichier de synthèse Excel mis à disposition dans la version AGRIBALYSEv1.2 

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

déroulement et les principaux résultats du programme, et incluant deux notes sur le 
ŎƻƴǘǊƾƭŜ ǉǳŀƭƛǘŞ ŘŜǎ L/± Ŝǘ ŘŜǎ ǊŞǎǳƭǘŀǘǎ ŀƛƴǎƛ ǉǳΩǳƴŜ ŀƴŀƭȅǎŜ ŜȄŜƳǇƭŀƛǊŜ ŘŜ 
sensibilité des résultats pour deux productions. 

 Le guide de collecte « AGRIBALYSE® » (Biard et al, 2011a). 
 Ce rapport méthodologique. 

 

Le rapport méthodologique 

Objectif général du rapport 
Ce rapport documente les choix méthodologiques effectués par les 14 partenaires du 
ǇǊƻƎǊŀƳƳŜ ƭƻǊǎ ŘŜ ƭΩŞǘŀōƭƛǎǎŜƳŜƴǘ ŘŜ ƭŀ ōŀǎŜ ŘŜ ŘƻƴƴŞŜǎ !DwL.![¸{9®. Ces choix ont été 
approuvés généraƭŜƳŜƴǘ Ł ƭΩǳƴŀƴƛƳƛǘŞΣ ǎƛƴƻƴ Ł ƭŀ ƳŀƧƻǊƛǘŞΦ 9ƴ ŎƻƳǇƭŞƳŜƴǘ ŘŜǎ 
métadonnées disponibles pour chaque ICV, ce rapport assure la transparence de la 
ŘŞƳŀǊŎƘŜΦ Lƭ ǇǊŞǎŜƴǘŜ ƭŀ ŘŞƳŀǊŎƘŜ Ŝǘ ƭŜǎ ŎƘƻƛȄ ǊŜǘŜƴǳǎ Ƴŀƛǎ ƴΩŜǎǘ Ǉŀǎ Ŏƻƴœǳ ŎƻƳƳŜ ǳƴ 
guide de préconisation. Il doƛǘ ǇŜǊƳŜǘǘǊŜ Ł ŘŜǎ ǇŜǊǎƻƴƴŜǎ ŜȄǘŞǊƛŜǳǊŜǎ ŘΩŞǾŀƭǳŜǊ ƭŀ ǉǳŀƭƛǘŞ 
ŘŜǎ ŘƻƴƴŞŜǎ ŦƻǳǊƴƛŜǎ Ŝǘ ŘŜ ǊŞŀƭƛǎŜǊ ŘŜǎ L/± ŎƻƳǇŀǊŀōƭŜǎ Ł ŎŜƭƭŜǎ ŘΩ!DwL.![¸{9®. 
 
Calcul des ICV : données collectées, chaine de traitement 
[Ŝǎ ŘƻƴƴŞŜǎ ŘΩƛƴǾŜƴǘŀƛǊŜǎ ŘŞŎǊƛǾŀƴǘ ƭŜǎ ƛǘƛƴŞǊŀƛǊŜǎ ǘŜŎhniques ont été saisies par les instituts 
ǘŜŎƘƴƛǉǳŜǎ Řŀƴǎ ƭΩhǳǘƛƭ LƴŦƻǊƳŀǘƛǉǳŜ ŘŜ {ŀƛǎƛŜ όhL{ύΣ ŘŞǾŜƭƻǇǇŞ ǇƻǳǊ !DwL.![¸{9® sous 
9ȄŎŜƭΦ [ΩhL{ ŀ ŜƴǎǳƛǘŜ ŞǘŞ ŎƻǳǇƭŞ Ł ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ƳƻŘŝƭŜǎ ŘŜ ŎŀƭŎǳƭ ŘŜǎ ŞƳƛǎǎƛƻƴǎ ŘƛǊŜŎǘŜǎ 
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au sein de la chaine de traitement des données (CDT), développée également sous Excel. Le 
ŎƻǳǇƭŀƎŜ ŘŜǎ ŘƻƴƴŞŜǎ ŘΩƛƴǾŜƴǘŀƛǊŜǎ ŀǾŜŎ ƭŜǎ ƳƻŘŝƭŜǎ ŀ ǇŜǊƳƛǎ ŘΩƻōǘŜƴƛǊ ƭŜǎ ŦƭǳȄ ŘΩŞƳƛǎǎƛƻƴǎ 
directs. Les ǇǊƻŎŜǎǎǳǎ ŘΩŀǊǊƛŝǊŜ Ǉƭŀƴ indirects ont ensuite été intégrés via Simapro®, ce qui a 
permis le calcul des ICV et AICV. 
 
Contrôle qualité 
Un contrôle qualité des données a été réalisé à deux niveaux. Dans un premier temps, les 
ŘƻƴƴŞŜǎ ŘΩƛǘƛƴŞǊŀƛǊŜǎ ǘŜŎƘƴƛǉǳŜǎΣ ǊŜƴǎŜƛƎƴŞŜǎ ǇŀǊ ƭŜǎ Lƴǎǘƛǘǳǘǎ ¢ŜŎƘƴƛǉǳŜǎ Řŀƴǎ ƭΩhL{Σ ƻƴǘ 
été contrôlées par des experts extérieurs au programme AGRIBALYSE®. Dans un deuxième 
ǘŜƳǇǎΣ ƭŜǎ ŘƻƴƴŞŜǎ L/± ŎŀƭŎǳƭŞŜǎ ǇŀǊ ƭΩLbw! Ŝǘ !ƎǊƻǎŎƻǇŜ ƻƴǘ ŞǘŞ ŎƻƴǘǊƾƭŞŜǎ Ŝƴ ƛƴǘŜǊƴŜ ǇŀǊ 
ƭŜǎ ƛƴǎǘƛǘǳǘǎ ǘŜŎƘƴƛǉǳŜǎΦ /Ŝ ŘƻǳōƭŜ ŎƻƴǘǊƾƭŜ ŀ ǇŜǊƳƛǎ ŘΩŀƳŞƭƛƻǊŜǊ ǎƛƎƴƛŦƛŎŀǘƛǾŜƳŜƴǘ ƭŀ ǉǳŀƭƛǘŞ 
des inventaires produits. 
 
Produits étudiés 
AGRIBALYSE® ŀ ǇŜǊƳƛǎ ŘŜ ǊŞŀƭƛǎŜǊ ƭΩL/± ŘŜǎ ǇǊƛƴŎƛǇŀǳȄ ǇǊƻŘǳƛǘǎ ŀƎǊƛŎƻƭŜǎ ŦǊŀƴœŀƛǎ όŜǘ ǘǊƻƛǎ 
produits importés), selon une méthodologie homogène. Les « groupes de produits » font 
références aux cultures ou aux animaux (ex : blé, maïs, poulet de chair, porc, etc.).  La 
ŎƻƴǎǘǊǳŎǘƛƻƴ ŘΩL/± ǊŜǇǊŞǎŜƴǘŀǘƛŦǎ CǊŀƴŎŜ ǇƻǳǊ ƭŀ ǇƭǳǇŀǊǘ ŘŜǎ ζ groupe de produits η ǎΩŜǎǘ 
faite en agrégeant des ICV unitaires correspondants à des systèmes contrastés 
(conventionnel, biologique, AOC, déclinaisons régionaleǎΣ ŜǘŎΦύΦ /ŜǘǘŜ ŀƎǊŞƎŀǘƛƻƴ ǎΩŜǎǘ ŦŀƛǘŜ 
au cas par cas pour chaque production. En tenant compte des déclinaisons (systèmes de 
productions spécifiques), la base de données contient au total 136 ICV : 80 ICV de 
productions animales et 57 de productions végétales (Annexe A). 
 

Les produits étudiés dans AGRIBALYSE® 
Cultures annuelles  Blé dur, blé tendre, betterave sucrière, carotte, rapeseed, 

féverole, maïs, orge, pois, pomme de terre, tournesol, triticale 
Prairies/Fourrages  Herbe, luzerne, maïs ensilage 

Fruits et vigne  Pêche/nectarine, pomme, pomme à cidre, raisin de cuve* 
Cultures spéciales métropolitaines  Rose, tomate, arbuste 
Cultures spéciales tropicales Coffee, clémentine, riz jasmin, mangue, cacao, fruit du palmier à 

huile 
Production végétale : 28 groupes de produits 

Bovins Lait de vache, bovin viande 
Ovins  Lait de brebis, agneau 
Caprins  Lait de chèvre 
Volailles  sǳŦΣ ǇƻǳƭŜǘ ŘŜ ŎƘŀƛǊΣ ŘƛƴŘŜΣ ŎŀƴŀǊŘ Ł ǊƾǘƛǊΣ ŎŀƴŀǊŘ Ł ƎŀǾŜǊ 
Cuniculture Lapin 
Aquaculture  Truite, bar / dorade 
Porcs Porcs 
Production animale : 14 groupes de produits 
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Représentativité 
[ΩƻōƧŜŎǘƛŦ ƛƴƛǘƛŀƭ ŘΩ!DwL.![¸{9® Şǘŀƛǘ ŘΩƻōǘŜƴƛǊ ŘŜǎ L/± ŘŜ ǇǊƻŘǳƛǘǎ ŀƎǊƛŎƻƭŜǎ ǊŜǇǊŞǎŜƴǘŀǘƛŦǎ 
du marché français. Cependant, au regard de la variabilité des pratiques et des conditions 
pédoclimatiques sur le territoire, il est souvent difficile de construire une description 
ŀƎǊƻƴƻƳƛǉǳŜ ǇŜǊǘƛƴŜƴǘŜ ŘΩǳƴ ǇǊƻŘǳƛǘ ƳƻȅŜƴ ŦǊŀƴœŀƛǎΦ !ƛƴǎƛΣ ŘŜǎ ŘŞŎƭƛƴŀƛǎƻƴǎ ǊŞƎƛƻƴŀƭŜǎΣ ƻǳ 
par mode de production et pertinentes au niveau agronomique ont été définies, et ont 
ǇŜǊƳƛǎ ŘŜ ŎƻƴǎǘǊǳƛǊŜ ǳƴ ǇǊƻŘǳƛǘ ƳƻȅŜƴ CǊŀƴŎŜΦ /ŜǇŜƴŘŀƴǘΣ ƭŀ ǊŜǇǊŞǎŜƴǘŀǘƛǾƛǘŞ ŦǊŀƴœŀƛǎŜ ƴΩŀ 
Ǉŀǎ Ǉǳ şǘǊŜ ƻōǘŜƴǳŜ ǇƻǳǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǇǊƻŘǳƛǘǎΦ [Ωǳǘƛƭƛǎŀǘƛƻƴ ŘŜǎ L/± !DwL.![¸{9® doit 
donc tenir compte de leur représentativité. 
 
Limite des systèmes (spatiale/temporelle) 
[Ŝ ǎȅǎǘŝƳŜ ŎƻƴǎƛŘŞǊŞ ǇƻǳǊ ƭŜǎ L/± ŘΩ!DwL.![¸{9® Ŝǎǘ Řǳ ōŜǊŎŜŀǳ ƧǳǎǉǳΩŁ ƭŀ ǎƻǊǘƛŜ Řǳ ŎƘŀƳǇ 
όǇƻǳǊ ƭŜǎ ƛƴǾŜƴǘŀƛǊŜǎ ŘŜ ǇǊƻŘǳŎǘƛƻƴǎ ǾŞƎŞǘŀƭŜǎύ ƻǳ ǎƻǊǘƛŜ ŘŜ ƭΩŀǘŜƭƛŜǊ ŘŜ ǇǊƻŘǳŎǘƛƻƴ όǇƻǳǊ ƭŜǎ 
inventaires de productions animales). Ceci implique pour les productions végétales 
ƭΩƛƴǘŞƎǊŀǘƛƻƴ ŘŜ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǇǊƻŎŜǎǎǳǎ ŀƳƻƴǘǎ όŦŀōǊƛŎŀǘƛƻƴ ŘŜǎ ƛƴǘǊŀƴǘǎύ Ŝǘ ǎǳǊ ŎƘŀƳǇ 
όƻǇŞǊŀǘƛƻƴǎ ŎǳƭǘǳǊŀƭŜǎύ Ƴŀƛǎ ƭΩŜȄŎƭǳǎƛƻƴ ŘŜǎ ǇǊƻŎŜǎǎǳǎ Ǉƻǎǘ-récoltes éventuellement 
effectués à la ferme (ex : stockage des pommes de terre, séchage des céréales). Les ateliers 
ŀƴƛƳŀǳȄ ǎƻƴǘ Ł ŎƻƴǎƛŘŞǊŜǊ ŀǳ ǎŜƴǎ ǎǘǊƛŎǘΦ [ΩŜƴǎŜƳōƭŜ ŘŜǎ ǇǊƻŎŜǎǎǳǎ ƴŞŎŜǎǎŀƛǊŜǎ ŀǳ 
ŦƻƴŎǘƛƻƴƴŜƳŜƴǘ ŘŜ ƭΩŀǘŜƭƛŜǊ όōŃǘƛƳŜƴǘǎ ŘΩŞƭŜǾŀƎŜΣ ǎǘƻŎƪŀƎŜ Ŝǘ ŦŀōǊƛŎŀǘƛƻƴǎ ŘŜǎ ŀƭƛƳŜƴǘǎ 
ŘΩŞƭŜǾŀƎŜ ǎǳǊ ƭŀ ŦŜǊƳŜΣ ŦƻƴŎǘƛƻƴƴŜƳŜƴǘ ŘŜ ƭŀ ǎŀƭƭŜ de traite et du tank à lait, etc.) sont inclus 
Ƴŀƛǎ ƭŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǇƻǳǊ ƭΩŀƭƛƳŜƴǘŀǘƛƻƴ ƘǳƳŀƛƴŜ όǘǊŀƴǎŦƻǊƳŀǘƛƻƴ 
fromagère, etc.) sont exclues. 
5ŀƴǎ ƭΩƻōƧŜŎǘƛŦ ŘŜ ǊŞŀƭƛǎŜǊ ŘŜǎ L/± ŀǳǎǎƛ ǊŜǇǊŞǎŜƴǘŀǘƛŦǎ ǉǳŜ ǇƻǎǎƛōƭŜ ŘŜǎ ǇǊƻŘǳŎǘƛƻƴǎ ŀƎǊƛŎƻƭŜǎ 
actuelles, la période de référence retenue est la période 2005-2009. 
Les émissions directes, associées aux productions animales et végétales, sur leur site de 
production ont été modélisées (see point suivant), alors que les émissions indirectes liées à 
la production des intrants utilisés sur le site de production ont été intégrées à partir des 
ŘƻƴƴŞŜǎ ŘŜ ōŀǎŜǎ ŘΩƛƴǾŜƴǘŀƛǊŜǎ ǇǊŞ-existantes, principalement ecoinvent®. Un travail a 
ǎǇŞŎƛŦƛǉǳŜ ŀ ŞǘŞ ǊŞŀƭƛǎŞ ŎƻƴŎŜǊƴŀƴǘ ƭΩŀƭƛƳŜƴǘŀǘƛƻƴ ŀƴƛƳŀƭŜ όAnnexe L). 
 
Modèles de calculs des émissions directes 
Les activités de production agricole engendrent des émissions directes (ex : CO2, NH3, ETM, 
tΣ ƳƻƭŞŎǳƭŜǎ ǇƘȅǘƻǎŀƴƛǘŀƛǊŜǎΣ ŜǘŎΦύ ŀƛƴǎƛ ǉǳΩǳƴŜ ŎƻƴǎƻƳƳŀǘƛƻƴ ŘŜ ǊŜǎǎƻǳǊŎŜǎ ƴŞŎŜǎǎŀƛǊŜǎ 
aux processus de production (consommation ŘΩŜŀǳΣ ƻŎŎǳǇŀǘƛƻƴ ŘŜǎ ǘŜǊǊŜǎΣ ŜǘŎΦύΦ /Ŝǎ ŦƭǳȄ 
ŞƳƛǎ Řŀƴǎ ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ ŎƻƳǇŀǊǘƛƳŜƴǘǎ όŜŀǳΣ ǎƻƭΣ ŀƛǊύ ƻƴǘ ŞǘŞ ŎŀƭŎǳƭŞǎ Ł ƭΩŀƛŘŜ ŘŜ ƳƻŘŝƭŜǎΦ 
Chaque flux de substance a été modélisé par un modèle spécifique, qui a été choisi comme 
étant le plus adapté par rapport aux objectifs du programme AGRIBALYSE®. Le Table 14 
présente les émissions et consommations retenues, les postes considérés et les modèles 
retenus. 
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Allocation 
La procédure concernant la gestion des allocatƛƻƴǎ ǎΩƛƴǎŎǊƛǘ Řŀƴǎ ƭŜ ǊŜǎǇŜŎǘ ŘŜǎ ǎǘŀƴŘŀǊŘǎ 
internationaux. Pour les filières végétales, les coproduits sont souvent générés lors de la 
transformation agro-ƛƴŘǳǎǘǊƛŜƭƭŜ Řǳ ǇǊƻŘǳƛǘ ŀƎǊƛŎƻƭŜ ōǊǳǘΦ [Ŝ ǇŞǊƛƳŝǘǊŜ ŘΩ!DwL.![¸{9® se 
limitant à la phase de production agricole (produit « sortie champ »), la question de 
ƭΩŀƭƭƻŎŀǘƛƻƴ ŘŜǎ ƛƳǇŀŎǘǎ ŀǳȄ ŘƛŦŦŞǊŜƴǘǎ ŎƻǇǊƻŘǳƛǘǎ ƴŜ ǎŜ Ǉƻǎŀƛǘ Ǉŀǎ ǇƻǳǊ ƭŀ ƳŀƧƻǊƛǘŞ ŘŜǎ 
produits végétaux. Pour les productions animales, une allocation dite « biophysique » a été 
ƳƛǎŜ Ŝƴ ǆǳǾǊŜΦ 5ŀƴǎ ǳƴ ǇǊŜƳƛŜǊ ǘŜƳǇǎΣ ƭΩŀƭƭƻŎŀǘƛƻƴ Ŝǎǘ ŞǾƛǘŞŜ Ŝƴ ŘŞŎƻƳǇƻǎŀƴǘ ƭŜ ǎȅǎǘŝƳŜ 
Ŝƴ ŎƭŀǎǎŜǎ ŘΩŀƴƛƳŀǳȄ ŎƻƴŘǳƛǘŜǎ ŘŜ ƳŀƴƛŝǊŜ ǎƛƳƛƭŀƛǊŜΦ 5ŀƴǎ ǳƴ ǎŜŎƻƴŘ ǘŜƳǇǎΣ ǇƻǳǊ ƭŜǎ 
ǇƘŀǎŜǎ ƻǴ ƭΩŀƭƭƻŎŀǘƛƻƴ ƴŜ ǇŜǳǘ şǘǊŜ ŞǾƛǘŞŜ όŜȄ : phase vache laitière en production), une 
allocation deǎ ƛƳǇŀŎǘǎ ŜƴǘǊŜ ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ ŎƻǇǊƻŘǳƛǘǎ Ŝǎǘ ǊŞŀƭƛǎŞŜ ŀǳ ǇǊƻǊŀǘŀ ŘŜ ƭΩŞƴŜǊƎƛŜ 
ƴŞŎŜǎǎŀƛǊŜ Ł ƭŜǳǊ ŞƭŀōƻǊŀǘƛƻƴΦ [Ŝǎ ƛƳǇŀŎǘǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ ŘŜǎ ŎƭŀǎǎŜǎ ŘΩŀƴƛƳŀǳȄ ƴŜ 
ǇǊƻŘǳƛǎŀƴǘ ǉǳΩǳƴ ǎŜǳƭ ǇǊƻŘǳƛǘ ǎƻƴǘ ƛƴǘŞƎǊŀƭŜƳŜƴǘ ŀŦŦŜŎǘŞǎ Ł ŎŜƭǳƛ-ŎƛΦ !ƛƴǎƛ ƭŜǎ ƛƳǇŀŎǘǎ ŘΩǳƴe 
classe « génisse laitière » seront affectés au produit « vache de réforme ». 
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!ōōǊŜǾƛŀǘƛƻƴǎ 

ACTA Association de Coordination Technique Agricole ς United Agricultural 
Technical Institutes 

ADEME !ƎŜƴŎŜ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ Ŝǘ ŘŜ ƭŀ aŀƛǘǊƛǎŜ ŘŜ ƭΩ9ƴŜǊƎƛŜ ς French 
Environment and Energy Management Agency 

AFNOR Association Française de NORmalisation ς French Standards Institute 
AGRESTE French Ministry of Agriculture, Food and Forestry agricultural 

statistics, assessment and forecasting service 
AOX Adsorbable Organic Halogen 
ASTREDHOR Horticultural Institute 
BDAT Soil Analysis Database 
BOD Biological Oxygen Demand 
CASDAR /ƻƳǇǘŜ ŘΩ!ŦŦŜŎǘŀǘƛƻƴ {ǇŞŎƛŀƭ ǇƻǳǊ ƭŜ 5ŞǾŜƭƻǇǇŜƳŜƴǘ !ƎǊƛŎƻƭŜ Ŝǘ 

Rural ς Agricultural and Rural Development Fund 
Cd Cadmium 
CED Cumulative Energy Demand 
TERRES INOVIA Centre Technique Interprofessionnel des Oléagineux et du Chanvre - 

Technical center for research and development of production 
procedures for oilseed and industrial hemp 

CH Switzerland 
CH4 Methane 
CIRAD Centre de coopération Internationale en Recherche Agronomique 

pour le Développement ς International Co-ordination Center for 
Agricultural Research for Development 

CITEPA /ŜƴǘǊŜ LƴǘŜǊǇǊƻŦŜǎǎƛƻƴƴŜƭ ¢ŜŎƘƴƛǉǳŜ ŘΩ9ǘǳŘŜǎ ŘŜ ƭŀ tƻƭƭǳǘƛƻƴ 
Atmosphérique ς Atmospheric Pollution Institute 

CML Centrum voor Milieuwetenschappen Leiden ς Institute of 
Environmental Sciences 

CN China 
CO2 Carbon dioxide 
COD Chemical Oxygen Demand 
COMIFER /ƻƳƛǘŞ CǊŀƴœŀƛǎ ŘΩ9ǘǳŘŜ Ŝǘ ŘŜ 5ŞǾŜƭƻǇǇŜƳŜƴǘ ŘŜ ƭŀ CŜǊǘƛƭƛǎŀǘƛƻƴ 

Raisonnée ς French committee for research and development into 
rational fertilizer use  

CORPEN /ƻƳƛǘŞ ŘΩhǊƛŜƴǘŀǘƛƻƴ ǇƻǳǊ ŘŜǎ tǊŀǘƛǉǳŜǎ ŀƎǊƛŎƻƭŜǎ ǊŜǎǇŜŎǘǳŜǳǎŜ ŘŜ 
ƭΩ9bǾƛǊƻƴƴŜƳŜƴǘ ς French government committee for 
environmentally friendly agricultural practices 

CPS Crop production system 
Cr Chromium 
CTIFL Centre Technique Interprofessionnel des Fruits et Légumes ς Fruit 

and Vegetable Institute 
CTUe Comparative toxic units ς ecotoxicity 
CTUh Comparative toxic unit ς 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 INventory 

of AIR emissions 
EMEP/EEA European Monitoring and Evaluation Programme / European 

Environment Agency 
ESA Angers 9ŎƻƭŜ ǎǳǇŞǊƛŜǳǊŜ ŘΩ!ƎǊƛŎǳƭǘǳǊŜ ŘΩ!ƴƎŜǊǎ - Angers Agricultural School 
FR France 
GDC Biard et al 2011, Guide De Collecte des données ς Data Collection 

Guide 
GGELS Greenhouse Gas from the European Livestock Sector 
GLO GLObale, country code for ecoinvent® data sets with a worldwide 

scope 
GT1 ADEME-AFNOR Working Group 1: Alimentation et aliments pour 

animaux domestiques ς Nutrition and fodder for domestic animals 

GWP Global Warming Potential 
h Hour 
ha Hectare 
Hg Mercury 
IDELE Lƴǎǘƛǘǳǘ 5Ŝ [Ω9[9ǾŀƎŜ ς Breeding Institute 
IDF International Dairy Federation 
IDPS Inventory Data Processing System 
IES Institute for Environment and Sustainability 
IFV Institut Français de la Vigne et du Vin ς French Vine and Wine 

Institute 
ILCD International Reference Life Cycle Data System 
INRA Institut National de la Recherche Agronomique ς French National 

Institute for Agricultural Research 
IPCC Intergovernmental Panel of Climate Change 
IRSTEA Institut national de Recherche en Sciences et Technologies pour 

ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ Ŝǘ ƭΩ!ƎǊƛŎǳƭǘǳǊŜ ς National Research Institute of 
Science and Technology for Environment and Agriculture 

ISO International Organization for Standardization 
ITAB Lƴǎǘƛǘǳǘ ¢ŜŎƘƴƛǉǳŜ ŘŜ ƭΩ!ƎǊƛŎulture Biologique ς Organic Agriculture 

Institute 
ITAVI Lƴǎǘƛǘǳǘ ¢ŜŎƘƴƛǉǳŜ ŘŜ ƭΩ!±LŎǳƭǘǳǊŜ ς Poultry Breeding Institute 
ITB Institut Technique de la Betterave ς Sugarbeet 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 
m2 Square meters 
m2yr Square meter years 
MELODIE Modélisation des Elevages en Langage Objet pour la Détermination 

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

N Nitrogen 
N2O Dinitrogen monoxide 
NH3 Ammonia (azane IUPAC) 
Ni Nickel 
NO Nitric oxide (nitrogen monoxide) 
NO3

- Nitrate 
NOx Mono-nitrogen oxides (nitrogen oxides NO and NO2) 
OFP On-Farm Production 
OM Organic matter 
P Phosphorus 
P2O5 Phosphorus pentoxide 
PAN Plant-available nitrogen 
PAS Publicly Available Specification drawn up to British Standards 
Pb Lead 
PO4

3-
 Phosphate 

RER Europe, country code for ecoinvent® data sets with a European 
scope 

RM Raw Materials 
RMQS Réseau de mesure de la Qualité des Sols ς French soil quality 

measurement network 
RUSLE Revised Universal Soil Loss Equation 
SALCA Swiss Agricultural Life Cycle Assessment 
SALCA-ETM-Fr Swiss Agricultural Life Cycle Assessment, trace metal flux model for 

France 
SALCA-N Swiss Agricultural Life Cycle Assessment, nitrate flux model 
SALCA-P Swiss Agricultural Life Cycle Assessment, phosphorus flux model 
SALCA-SM Swiss Agricultural Life Cycle Assessment, trace metal flux model  
SCEES Service Central des Enquêtes et Etudes Statistiques ς Central 

Statistical Service 
SFP Main forage area (Surface fourragère principale) 
SO2 eq Sulfur dioxide equivalent 
SQCB Sustainable Quick Check for Biofuels 
SSP Service de la Statistique et de la Prospective ς French Ministry of 

Agriculture Statistical and Forecasting Service 
STICS Interdisciplinary simulator for standard crops 
t Tonne 
TAN Total Ammoniacal Nitrogen 
TM Transport Model 
TN  Total nitrogen 
TSS Total Suspended Solids 
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UMR-SAS Unité Mixte de Recherche ς Sol, Agro et hydrosystème Spatialisation 
ς Joint Research Unit ς Soil, agriculture and hydrosystem 
spatialization 

UNIFA Union des industries de la fertilisation ς Union of fertilizer producers 
UP Unprocessed products 
VA Suckler cow 
VBA Visual Basic for Applications 
VL Dairy cow 
WM Whole Matter (dry matter + water) 
XML eXtensible Markup Language 
Zn Zinc 

LƴǘǊƻŘǳŎǘƛƻƴ 

Background and aim of this report 
When producing Life Cycle Assessments (LCA) for agricultural processes, it is necessary to 
select the methodology to be used for defining the systems studied, the functional units, the 
system boundaries and assessment period, as well as the models and their parameters to be 
used for calculating direct emissions (foreground), 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 overseas, 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 ISO 14044 (ISO, 2006b). 
 
 

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 environmental 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 

 The inputs (extraction 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 results from the previous phases and evaluation of the 
uncertainties 
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Part A ς 5ŜŦƛƴƛƴƎ ǘƘŜ ŀƛƳǎ ŀƴŘ ǎŎƻǇŜ ƻŦ ǘƘŜ ǎǘǳŘȅ 

A.1 Aims 

A.1.1 The AGRIBALYSE® program and background to this report 

There is currently an increasing awareness in Europe of the environmental impact of 
economiŎ ŀŎǘƛǾƛǘƛŜǎΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŀƎǊƛŎǳƭǘǳǊŜΦ Lƴ CǊŀƴŎŜΣ ǘƘŜ DǊŜƴŜƭƭŜ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ 
marked a major turning point setting out ambitious aims, in particular that of labeling 
current consumer products with their environmental impact. The law applying the Grenelle 
ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ ǊŜǉǳƛǊŜŘ ǘƘŀǘΣ ŀŦǘŜǊ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇƘŀǎŜ ƻŦ ŀǘ ƭŜŀǎǘ ƻƴŜ ȅŜŀǊ ǿƛǘƘ 
effect from 1 July 2011, consumer products including food should be labeled to show the 
environmental footprint of the product, including greenhouse gas emissions. The ADEME 
was commissioned to develop the methodology for this program in cooperation with 
AFNOR. This resulted in a definition of the general principles and a methodology for labeling 
products with their environmental footprint: BPX30-323 (AFNOR, 2011). 
This work was also part of more general international actions on 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 harmonize the assessment 
methodologies used in different types of farming requires coordination and aggregation of 
the LCI data sets. 
 
The ADEME also produced a bibliographical analysis of LCA for agricultural products 
(Ecointesys-ADEME, 2008) and organized a conference to present and discuss the results in 
October 2008. The conference concluded that LCA was suitable for assessing the 
environmental impact of agricultural products, that the results depended on the production 
systems and the methodology used, that certain indicators needed further improvement 
and that there was a lack of LCA studies on agricultural products in France. It was also clear 
that there was a need to harmonize methods and valorize the data by incorporation into a 
database. 
 
It was clear that a joint program needed to be set up to create a database for a French 
agricultural product LCI using a harmonized methodology. 
 
This report sets out the choices made by the 14 partners in the AGRIBALYSE® program when 
drawing up the AGRIBALYSE® database. These choices reflect: 

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

 the decisions taken on methodology by the AGRIBALYSE® Steering Committee, 

 the assessments carried out and decisions taken at the seminars on methods for 
calculating direct emissions and the quality control of the results. 
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A.1.2 Aims of the AGRIBALYSE® program 

The aim of the program was to create a uniform, public LCI database of French agricultural 
products and develop a method for LCAs that was suitable for the agricultural sector. A 
method was sought that would provide harmonized, widely accepted results for different 
types of farming so that it could be used by as many businesses as possible. 

AGRIBALYSE® had two aims. 

 

 1. Provide the information necessary for environmental labeling of food products. 
AGRIBALYSE® LCI data sets will be available for incorporation into the IMPACTS® 
public database. The final selection of the AGRIBALYSE® data sets for incorporation 
into the IMPACTS® database depends on the IMPACTS® database steering 
committee. 

 2. Provide standards for the agroindustry to help environmental assessments and 
actions to reduce environmental impacts. The collection of methodologies selected 
will provide a starting point and standards for subsequent LCAs and will provide 
support for projects seeking to improve agricultural practices (ecodesign). 

 
This database should improve the international visibility of French research into life cycle 
inventories. Details of the organization, timetable and achievements of the program can be 
found in the report ά!DwL.![¸{9ϯ: Assessment and lessons for the futureέ (Colomb et 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, depending on the aim: 

 Affichage (Labeling), information made available for environmental labeling 
 άAGRIBALYSE®, information not made available for labeling but published in the 

AGRIBALYSE® database 
 Interne (Internal), for unpublished, confidential information. 

 
The three outputs from the AGRIBALYSE® program were: 

 The AGRIBALYSE® database in Ecospold/ILCD format containing the LCI data sets for 
unit processes, drawn up and classified AGRIBALYSE® (136 LCI data sets, see A.2.1), 
and around one hundred LCI data sets for agricultural inputs obtained mainly by 
converting LCI data sets taken from databases external to the project. 

 For each LCI data set, a summary was produced giving the scope and key data for the 
production systems together with a list of inputs and certain results from the LCI and 
LCIA. 

 A list detailing which of the 136 data sets produced were available for labeling. 
 

An overall summary of the data sets produced and their classification is attached at 
Appendix A. Information on accessing the data sets and summaries is set out in the report 
ά!DwL.![¸{9ϯ: Assessment and lessons for the futureέ ό/ƻƭƻƳō et al, 2013). 
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Note on ILCD format: The AGRIBALYSE® database complies with ISO 14040 (ISO, 2006a) and 
the ILCD handbook (JRC and IES, 2010a). The recommendations in the ILCD handbook 
depend on the goal and main application of the LCA study (ŘŜŦƛƴŜŘ ŀǎ άsituationǎέ). Given 
aim 2 of the AGRIBALYSE® program (supplying data for agroindustry environmental studies), 
the LCI data sets in the AGRIBALYSE® database are targeted for situation A άaƛŎǊƻ-level 
ŘŜŎƛǎƛƻƴ ǎǳǇǇƻǊǘέ (JRC and IES, 2010a). 
 

A.1.4 Users of the results from the AGRIBALYSE® program  

The LCI data sets in AGRIBALYSE®, that will be made available for incorporation into the 
IMPACTS® database, are intended to be used 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 makers, for defining government policy. 
  

A.2 Scope 

The scope of the study was defined to ensure that its breadth, depth and level of detail 
were compatible with, and able to meet, the aims of the study. The following chapters 
provide the information required by ISO 14040 and ISO 14044 (ISO, 2006a and ISO, 2006b). 
άLƴ defining the scope of an LCA study, the following items shall be considered and clearly 
ŘŜǎŎǊƛōŜŘέ: 

 The product systems to be studied (see A.2.1) 
 The functions of the product systems (see A.2.1) 
 The functional units (see A.2.1) 
 The product system boundaries (see A.2.2) 
 The data requirements (see A.2.3) 
 The data quality requirements (see A.2.4) 
 The type of critical review (see A.2.5) 
 The type and format of the report required for the study (see A.2.6) 
 The allocation procedures (see B.3) 
 The types of impact and methodology of impact assessment (see Part C). 
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A.2.1 Product systems studied and their functions 

A.2.1.1 Product systems studied 

AGRIBALYSE® focuses exclusively on agricultural product systems in France and certain 
products imported from tropical countries. ISO 14044 (ISO, 2006b) and the ILCD Handbook 
(JRC and IES 2010a) ōƻǘƘ ƎƛǾŜ ŀ ǾŜǊȅ ōǊƻŀŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ άǇǊƻŘǳŎǘέ. When the ISO/ILCD 
ŘŜŦƛƴƛǘƛƻƴ ƻŦ άǇǊƻŘǳŎǘέ ƛǎ ŀǇǇƭƛŜŘ, each AGRIBALYSE® data set represents one product. 
Given the considerable diversity in agricultural product systems, AGRIBALYSE® introduced a 
hierarchical classification to present the results more simply. The hierarchical levels 
άproduct groupέ and άproductέ are defined as follows: 

 A product group brings together similar product variants. 
 The product variants distinguish different product systems according to parameters 

such as the production region, the production system and the production method. 
 

The product groups were selected by analyzing the agricultural products most commonly 
consumed in France (BIO IS, 2010). The product variants were defined according to three 
criteria: (1) typical product system, (2) unusual product system and (3) new product system. 
The product variants were selected by each Institute depending on its expertise and its 
resources within the framework of the program, and then considered and approved by the 
project leaders and ADEME. 
 

The analysis of the agricultural product systems presented in Table 1 is based on this 
terminology. 
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Table 1: Product groups and variants inventoried in the AGRIBALYSE® program. The detailed 
list of LCI data sets is attached at Appendix A 

Sector 
Type (the product groups are given 

in brackets) 
Number of 

product groups 

Number of 
product 
variants 

Total number 
of data sets 

A
ra

b
le

 /
 h

o
rt

ic
u
ltu

ra
l 

Annual crops (durum wheat, soft 
wheat, sugar beet, carrots, rapeseed, 
faba beans, grain maize, barley, 
peas, potatoes, sunflowers, triticale) 

12 28 48 

Grassland/ forage (grass, alfalfa, 
silage maize) 

3 16 20 

Fruit (peaches/nectarines,  
apples, cider apples, wine grapes) 

4 13 35 

Special crops grown in France (roses, 
tomatoes, ornamental shrubsa) 

3 6 21 

Special tropical crops (coffee, 
clementines, jasmine rice, cocoa, 
mago, oil palm fruit)  

6 6 11 

Total Arable / horticultural 28 69 136 

L
iv

e
st

o
ck
 

Cattle (ŎƻǿΩǎ milk, beef cattle, veal) 3 14 26 

Sheep (ǎƘŜŜǇΩǎ Ƴƛƭƪ, lambs) 2 2 7 

Goats (ƎƻŀǘΩǎ Ƴƛƭƪ) 1 1 3 

Poultry (eggs, broilers, turkeys, ducks 
for roasting, ducks for foie gras) 

5 15 21 

Rabbits (rabbits) 1 1 2 

Aquaculture (trout, sea bass / sea 
bream) 

3 3 3 

Pigs (conventional, Label Rouge, 
organic) 

3 8 16 

Total Livestock 18 44 78 

a) ¢ƘŜ ǘŜǊƳ άǎƘǊǳōǎέ ŘŜƴƻǘŜǎ ƻǊƴŀƳŜƴǘŀƭ ŎƻƴǘŀƛƴŜǊ ƎǊƻǿƴ ǇƭŀƴǘǎΦ CƻǊ ǎƛƳǇƭƛŦƛŎŀǘƛƻƴΣ ǘƘŜ ǘŜǊƳ άǎƘǊǳōέ ƛǎ ǳǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ ǊŜǇƻǊǘ. 

The difference ōŜǘǿŜŜƴ ǘƘŜ άƴǳƳōŜǊ ƻŦ product variantsέ ŀƴŘ ǘƘŜ άǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ data 
setǎέ ƛƴ Table 1 is the number of internal data sets. 
 
Agricultural production systems are often used for several purposes: a single production 
system may provide several co-products (for example: milk ς veal ς cull cows). To allocate 
the environmental impacts satisfactorily, these production systems were broken down into 
several units. For livestock, classes of animals were defined (for example: veal/heifer/dairy 
cow for a dairy farm). For horticultural systems, a distinction was drawn between the 
various production phases for vineyards and orchards (for example nursery/established 
orchard). The LCI data set for an AGRIBALYSE® product may, therefore, be based on: 

 a specific data set: veal or durum wheat 

 the average of several data sets (production phases or internal data sets): lowland 

ŎƻǿΩǎ Ƴƛƭƪ, cider apples or carrots (see Appendix B) 

 a data set created by allocation to a co-product: cull dairy cow 
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A.2.1.2 Defining functions of production systems 

Given the aims of the AGRIBALYSE® program, the studies were focused on production 
systems for the provision of food, i.e. the supply of agricultural products for human and 
animal consumption. In general, the function of the system can be defined as άǘƘŜ ǇǊƻǾƛǎƛƻƴ 
of a given quantity of agricultural product (animal or plant), at farm gate, (1) with a precisely 
defined level of quality or (2) with a defined compositionέ. 
 
¢ƘŜ ǘŜǊƳ άǿƛǘƘ ŀ ŘŜŦƛƴŜŘ ŎƻƳǇƻǎƛǘƛƻƴέ ŀǇǇƭƛŜǎ ǘƻ ǇǊƻŘǳŎǘǎ ǘƘŀǘ come from an variety of 
different production systems and represent a mix of these different systems. ¢ƘŜ ǘŜǊƳ άǿƛǘƘ 
ŀ ǇǊŜŎƛǎŜƭȅ ŘŜŦƛƴŜŘ ƭŜǾŜƭ ƻŦ ǉǳŀƭƛǘȅέ ŀǇǇƭƛŜǎ ǘƻ ŀƭƭ other products (see following examples). 
 

Defined level of quality (sugar beet) or defined composition of a product (potato), 
documented in the summaries: 
Sugar beet (specific data set): data set for the production of 1 kg sugar beet with 16% 
sugar content. 
Potato (average data set): data set for the production of 1 kg potatoes with different 
production systems, at 80% moisture content. This is an average of the data sets for 
potatoes grown for the food industry (28%), potatoes for the fresh market excluding firm 
flesh varieties (52%) and starch potatoes (20%). 

 
This distinction cannot be applied to two special French plant products (roses and shrubs) as 
their function is not intended to be used for food but to meet other consumer demands. 

 

Other functions of agricultural production systems, such as their contribution to 
biodiversity, land development and the generation of income for farmers, are not 
considered as co-products and flows have not been allocated to these functions. 

A.2.1.3 Naming convention 

The data sets are named in accordance with the recommendations in the ILCD handbook 
(JRC and IES, 2010b). As English is the official language of the ILCD, all the data sets in the 
AGRIBALYSE® are in English and French. The naming convention used is (see rule 17 ς JRC 
and IES, 2010b): Base name; Treatment, standards, routes; Quantitative flow properties; 
Mix type and location typeέ (Table 2). For compatibility with other naming conventions (for 
example ecoinvent® 3.2), the order of the last two elements has been inverted with respect 
to Rule 17. 
 
Table 2: Naming convention 

Element Français English 

Base name Blé tendre, grain; Soft wheat, grain; 

Treatment, etc  conventionnel, panifiable ;  conventional, breadmaking quality; 

Flow properties  15% ŘΩƘǳƳƛŘƛǘŞ ;  15% moisture; 

Mix and location type sortie champ. at farm gate. 

 
The final name in this example is άSoft wheat grain; conventional; breadmaking quality, 15% 
moisture; at farm gateέ ƛƴ 9ƴƎƭƛǎƘ ŀƴŘ άBlé tendre, grain ; conventionnel, panifiable ; 15% 
ŘΩƘǳƳƛŘité ; sortie champέ ƛƴ CǊŜƴŎƘΦ 
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A.2.1.4 Functional unit 

The functional unit quantifies the system function and its performance characteristics. It is 
used to provide a measure for normalizing (in the mathematical sense) the inputs and 
outputs. 
 
As was appropriate for the product functions (see chapter A.2.1), the functional units in the 
AGRIBALYSE® data sets are usually defined as units of mass or volume (provided that the 
density is specified): 1 kg or 1 liter of product. Depending on the nature of the product, 
additional information is given (for example the moisture content or fat content) in the LCI 
data set name and in the metadata. 
The functional units used are: 

 For arable and horticultural production: kg of whole matter to the standards required 

(moisture, sugar, protein contents) of the product at the farm gate. 

 For livestock:   

- for meat animals: kg of live weight  

- for milk: kg of milk corrected to 4% fat and 3.3% protein) 

- for eggs and wool: kg 
 

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 are ά1 ŎƻƴǘŀƛƴŜǊ ƎǊƻǿƴ ǎƘǊǳōέ. 

2. Roses: the functional units for roses are ά100 Ŏǳǘ ŦƭƻǿŜǊ ǎǘŜƳǎέ (which is 

approximately the annual yield from 1 m2). 

 Where the calculation unit is the dry matter (forage) 

1. Hay: the functional units are 1 kg of dry matter after deduction 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 

grazed grass are defined as άkg whole matter (with 20% dry matter)έ. 

2. Alfalfa and silage maize: the functional units are 1 kg of dry matter. 

 Special cases  

1. Coffee: The functional units are 1 kg of green coffee beans after drying and 

removing the pulp, as most economic statistics use these units. 

2. Carrots and fruit : the functional units are 1 kg of whole product sold for fresh 

consumption (1st grade) or for the food industry (2nd grade). 

3. Clementines: The functional units are 1 kg of whole product for export. 
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A.2.2 System boundaries 

A.2.2.1 General rule: from cradle to gate 

AGRIBALYSE® was set up to produce LCI data sets for the main French agricultural products 
for incorporation into the ADEME IMPACTS® database. This data is intended for use by 
businesses downstream of the farm gate. AGRIBALYSE® did not, therefore, take account of 
the processing, consumption and end of life of food products. As a result, the general rule 
for AGRIBALYSE® LCI is to use the cradle to gate system boundaries. 
 
This implies that for arable farming and horticultural products (produced in France or 
abroad for tropical products) account is not taken of post-harvest processes which may be 
carried out on the farm (such as storing potatoes or drying grain). 
 
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) Processes included 

In AGRIBALYSE®, each data set takes account of all the processes and inputs required for the 
production of an agricultural product from cradle to gate. This definition of the boundaries 
is consistent with those used for GESTIM (Gac et al, 2010) and ecoinvent® (Nemecek and 
Kägi, 2007). 
The processes considered are: 

 For arable and horticultural products 

V Production of seed and plants (nursery for horticultural plants and fruit trees) 

V Production and application of active substances in pesticides (herbicides, 

fungicides, insecticides and others) 

V Production and application of mineral fertilizers 

V Application of organic fertilizers. The production and/or processing of organic 

fertilizers were taken into account where suitable LCI data sets were available 

(eg: feather meal, see Appendix G). For the application of organic fertilizer from 

the farm, phantom data sets, processes without any environmental impact, 

were set up to ensure that direct emissions resulting from their application were 

calculated correctly and to simplify the verification of the data sets 

V All operations such as: preparation of the soil, drilling, pesticide application, 

fertilizer application, tending the crops, harvesting, transport to the storage 

area, managing intercrops (if appropriate), including the manufacturing of the 

machinery and construction of buildings, maintenance and storage (sheds/barns 

or open storage space) as well as the fuel required for the operations 

V Irrigation including the water used and the energy consumed (see chapter B.2.2) 

V Direct emissions (emissions from the fields and emissions from the fuel used for 

power and heating) 
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 For livestock 

V The fabrication of feed (production of raw materials and processing) and 

transport to the farm for bought-in feed and raw materials 

V The production, harvest, storage and distribution of fodder 

V The use of grassland including for grazing; access to outdoor runs for poultry and 

fields for pigs 

V Watering in terms of water consumed by the animals 

V Breeding genitors and production of young animals 

V Livestock buildings and the machinery required (milking parlors including milk 

tank, stabling, waste storage systems, feed storage silos, etc.), including the 

manufacturing of the machines, construction of buildings, their operation and 

storage areas (shed/barn/garage) 

V Cleaning equipment and buildings and cooling systems 

V Direct emissions associated with the animals (rumination), waste management 

in the buildings/storage areas/pastures/ runs/fields and from the fuel used for 

power 

V Fossil fuels required for heating buildings, etc. 
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Figures 1 to 9 show the boundaries for the various types of system covered by 
AGRIBALYSE®. 
 

 
Figure 1: Boundaries for permanent crop systems such as orchards, vineyards and special 
tropical crops (coffee, clementines) 

 

 

Figure 2: Boundaries for annual crop systems such as forage and grassland 
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Figure 3: Boundaries for special French crops (shrubs, roses and tomatoes) 

 

 

Figure 4: Boundaries for milk production systems (cows, sheep and goats). 
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Figure 5: Boundaries for beef and lamb/mutton production 

 

 

Figure 6: Boundaries for pig production systems 
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Figure 7: Boundaries for egg production 

 

Figure 8: Boundaries for the production of poultry (chicken, turkeys, ducks, geese, etc) and 
rabbits 

Cleaning water Drinking water Energy  

Farm (egg production) 

Direct  
emissions 

Eggs 

Buildings / 
outdoor runs 

Standard feed 
mixes 

Cull hens Dung and urine 

Cleaning water Drinking water Energy  

Farm (poultry and rabbits) 

Direct  
emissions 

Poultry / Rabbits 

Buildings / 
outdoor runs 

Standard feed 
mixes 

Dung and urine 



 

 
AGRIBALYSE

®
: Methodology 32 

 

Figure 9: Boundaries for fish farming production 

 

b) Processes excluded 

The following production processes (Table 3) were not considered for at least one of the 

following reasons: 

 They are independent of agricultural production (column 1, άIPέ) 

 No LCI data sets are available (column 2, no LCI data set άb[έ) 

 No characterization methods are available (column 3, no mŜǘƘƻŘ άbMέ) 

 The processes were considered to have a negligible impact (column 4, negligible 

iƳǇŀŎǘ άbLέ) 

 No data available for the inputs considered (column 5, άNDέ) 
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Table 3: Processes and production methods not taken into account in the AGRIBALYSE® 
program 

Process /  production method not taken into account IP NL NM NI ND 
(a) livestock, arable, horticultural and tropical products      
Residential buildings or systems or activities that are not 
strictly agricultural 

X     

Cleaning products    X  
Labor X     
(b) livestock production      
Veterinary products and treatment  X X   
Artificial insemination of animals  X    
Small tooling, consumables     X 
Electric wiring in the buildings     X 
(c) arable and horticultural production      
Production (and transport) of biological pest control 
agents (auxiliary insects), pollination agents used in 
market gardening and arboriculture 

 X    

Pesticide additives  X    
Irrigation equipment for outdoor crops     X 
Small tooling, consumables     X 
Application of trace elements     X 

 

A.2.2.3 Assessment period 

a) Arable and horticultural products 

The plant datasheets were drawn up for individual crops and not for cropping sequences. 
This corresponds to the purpose for which AGRIBALYSE® was designed: to produce a 
database for agricultural products. 
In general, plant datasheets were drawn up for the period άƘŀǊǾŜǎǘ ǘƻ ƘŀǊǾŜǎǘέ ŀƴŘ ƴƻǘ 
άǎŜŜŘ ǘƻ ǎŜŜŘέ because this is generally accepted for LCA (used, for example, for ecoinvent® 
data sets). However, certain flows were allocated between crops for the cropping sequences 
reported in the 2006 Service de la Statistique et de la Prospective (SSP) crop practice study, 
AGRESTE, 2006 (see B.3.3). 
 
The assessment periods depended on the type of product: 

 For annual crops 

The period is harvest to harvest. Depending on the data collection guide, the data set 

for a crop starts at the time the previous crop was harvested, unless an intermediate 

catch crop is grown for sale. As intermediate crops are rarely sold, the date when the 

previous crop was harvested is used as the start date for annual crop LCI data sets. 

 For grassland 

a) For permanent meadow: the period is one year from January 1st to December 

31st 
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b) For temporary grassland and alfalfa: the period is the time taken to plant and 

produce the meadow until it is replaced (four years). 

 

 For fruit, grapevines, clementines and coffee: 

The period is the lifetime of the plants, from the time they are planted until they are 

replaced. 

 For the special cases (1) (roses, tomatoes and rice): the period for crops with several 

harvests a year (regardless of whether these are ς as for tomatoes and roses ς 

harvests of the same crop that last over several months or harvests of several crops 

sown successively ς as for rice) was extended to one year. This allows for differences 

between the various growth cycles within the year (eg 3rd rice harvest with low 

yield). 

 For the special cases (2) 

For crops such as shrubs which do not have a harvest, the period is the growing time, 

from the start of production to removal from the field. 

 

b) Livestock 

For livestock, the production system was subdiviŘŜŘ ƛƴǘƻ άŀƴƛƳŀƭ ŎƭŀǎǎŜǎέ (Figure 10). This 
made it possible to define the inputs and outputs of each component in livestock production 
and take account of the changes in the groups of animals (herds, batches, etc.). 
 

 

Figure 10: Sequence of the various classes of animals for a dairy farm 

 
As a general rule, the period runs from January 1st to December 31st. 
 

Dairy cow ς Calf (birth ς 1 week) 
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(+2 years) 

Dairy cow ς Dairy cow in production 
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If the production cycle is less than one year (rabbits, pigs, calves, poultry and layers), the 
data is collected for a complete year taking account of several batches1. This longer period 
makes it possible to take account of variations in production over a year, as for crops. In 
ƻǊŘŜǊ ǘƻ άƛƴƛǘƛŀǘŜέ ǘƘŜ ŀƴimal production systems, it is necessary to account for incoming 
ŀƴƛƳŀƭǎ άŀǘ ōƛǊǘƘ ǎǘŀƎŜέΣ ǿƛǘƘ ǘƘŜ ƛƳǇŀŎǘǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜƛǊ άǇǊƻŘǳŎǘƛƻƴέΦ ¢ƘŜǎŜ ŀƴƛƳŀƭǎ ŀǊŜ 
ά!ƴƛƳŀƭǎ ǿƛǘƘ л Řŀȅέ ŀƴŘ ǘƘŜƛǊ ŜƴōŜŘŜŘ ƛƳǇŀŎǘǎ ƛǎ ŘŜŦƛƴŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ōƛƻǇƘȅǎƛŎŀƭ 
allocation rule. The detail is provided Annex D,  
 

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

a) Management of manure 

For managing manure, the distinction between animal and plant production was defined in 
the usual way (Figure 11, based on GESTIM). The various stages of managing manure were 
identified and allocated to plant or animal production as appropriate. 
 

 

Figure 11: Boundaries of livestock and plant production businesses for managing manure 

 
Emissions from any forms of treatment (nitrogen reduction, composting or anaerobic 

digestion), storage and mixing manure are allocated to the livestock production system and 

the emissions associated with loading, transport and spreading are allocated to the plant 

production system which applies the manure. 

An average distance of 10 km is used for transporting the manure (and other organic 
fertilizers) between the two types of farm (default distance used by ecoinvent® for transport 
between the point of sale and the farm). 
 

b) Forage produced on the farm 

Forage and other basic feed produced and used on the farm (cattle fodder) and grazing 
grass were treated in the same way as forage to be sold. The LCI was allocated between 
livestock and arable farms / horticultural businesses in the following way: 

                                            
1
 The batch as such is not an environmental impact analysis level in AGRIBALYSE®. 
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 Arable farm: production of forage ŀƴŘ άǘǊŜŀǘƳŜƴǘέ (silage, haylage, hay) 

 Livestock: storage and distribution to the animals 

A transport process was added for forage purchased by the farm (see B.2.3). 

When the forage is an input for the livestock farm, an individual LCI data set was set up for 

each type of forage. Consequently, the pasture, or more precisely the grazed grass, is also 

represented by a unit process. For operations, the direct emissions associated with grazing 

are divided into two categories (see Figure 12): 

 Volatilization and leaching from excretions (see green arrows in figure 12). These 

emissions are included in the unit grazed grass process as they are considered as 

emissions due to a fertilization process. For all types of grassland studied, only cattle 

are considered to be grazing animals (see B.3.2.8). 

 Emissions of methane from enteric fermentation and methane associated with 

excretion of feces (brown arrows, Figure 12). These emissions are included in the 

animal production process. 

This distinction is technical rather than practical. Once the grass has been grazed by the 

animal, all the emissions associated with grazing are allocated to the animal. 

 

 
Figure 12: Boundaries for livestock and arable /  horticultural products for grazing emissions 
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A.2.3 Data requirements 

A.2.3.1 Time-related representativeness 

The reference period is the period represented by the data. As a basic rule, in accordance 
with the AGRIBALYSE® data collection guide, the data collected covers the years from 2005 
to 2009. This period was selected to ensure that the data collected: 

 Was sufficiently recent at the time it was collected to ensure that the LCI data sets 

provided the best representation of current agricultural practices, 

 Covered several years to prevent any bias arising in the LCI data sets 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 data collected was ensured by adjusting the data 
according to expert opinion. This also applied to the data sets for fruit, vegetables and 
shrubs, most of which were based on expert opinion (with specific exceptions such as data 
relating to pesticide inputs). 
The data sets for special tropical crops and French crops (roses) were based on specific 
studies undertaken during the reference period. 

A.2.3.2 Geographical and technological representativeness 

The spatial representativeness of the data sets is given in the metadata and their name. 
When a data set is said to be representative at national scale (data set with national scope = 
άƴŀǘƛƻƴŀƭ data setέ), this has always been achieved by taking account of the agricultural 
practices of various production systems. This was done either by entering the data directly 
into a single data set, indicating the frequency of each production practice (ǳǎƛƴƎ ǘƘŜ άŀǊŜŀ 
ŎƻƴŎŜǊƴŜŘέ), or by averaging several individual data sets. 
¢ƘŜ άƴŀǘƛƻƴŀƭ data setǎέ ǿŜǊŜΣ ǘƘŜǊŜŦƻǊŜΣ ǎŜǘ ǳǇ ǳǎƛƴƎ (Table 4): 

 statistical data entered directly into the data collection module: sugar beet2, durum 

wheat, soft wheat, rapeseed, faba beans, silage maize, grain maize, sunflower, 

triticale, standard pork - France. 

 a typical or average case based on expert opinion or a single study: shrubs, coffee, 

clementines, all plant data sets for organic farming (soft wheat, faba beans, 

peaches/nectarines, apples, tomatoes, triticale), cider apples, grassland. 

 an average of products with different production systems: conventional carrots, 

alfalfa, malting barley, feed barley, conventional peaches/nectarines, peas, 

conventional apples, potatoes (excluding starch), grapes for wine-making, roses, Thai 

rice, tomatoes for the fresh market, tomatoes for the fresh market in unheated 

greenhouse, French milk, French beef, eggs, poultry, turkeys. 

 For palm oil fruits, a modular approach as been followed (Bessou et al. 2013). Data 

come from one plantation extended on two districts, which is divided into several 

plantation « blocks » corresponding to different plantation phases. Climate and soil, 

as well as farming practices are considered homogenous in all blocks. Compiling the 

blocks enable to have data for each phase of the plantation cycle.  

                                            
2
 Five annual data sets were set up for sugar beet and then averaged.  
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Table 4: Overview of the main data sources for the data sets and the approach for setting up 
the data sets. 
Note: (1) The carrot LCI data sets (several regional variants: Aquitaine, Lower Normandy and production 
periods: spring, fall, winter) were based mainly on expert opinion (άX (E)έ), whereas the national LCI data set 
(ά· όND)έ) was set up by averaging variants. (cf Appendix B also).  
(2) The LCI data sets for other annual crops (soft wheat, durum wheat, etc) were based mainly on data from 
agricultural statistics. The product variants and national data sets were based on directly entered data (άXέ). 
 

Data set Approach Main data source 

ND =National data set 
V = Product variant 
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Arable and horticultural      

Annual crops       

Sugar beet, barley, peas 
potatoes, alfalfa 

X (ND) X (V) X   

Carrots, triticale X (ND) X (V)   X 

Organic farming data sets  X  X X 

All others  X X   

Grassland)  X (V)  X  

Fruit       

Apples, peaches, grapevines X (ND) X (V)   X 

Cider apples  X  X  

Special French crops  X (ND) X (E)  X  

Tomatoes and roses X (ND) X (V)  X  

Shrubs  X  X  

Special tropical crops      

Rice X (ND) X (V)  X  

Clementines and coffee  X  X  

Livestock      

/ƻǿΩǎ Ƴƛƭƪ X (ND)   X  

Beef X (ND)   X  

{ƘŜŜǇΩǎ milk    X  

Lamb    X  

DƻŀǘΩǎ Ƴƛƭƪ    X  

Poultry X (ND)   X  

Rabbits    X  

Fish X (ND)   X  

Pigs  X (V) X   
1) Special unit processes were set up for the various standard cases. The national data set is an average of the special unit 
processes. 
2) The various standard cases were averaged directly into one single process indicating the area concerned for each crop 
production practice. 
3) There are no national data sets for grasslands in France as the grassland data sets were set up to meet the needs of 
livestock production data sets. 
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Appendix B gives the various methods used in AGRIBALYSE® for calculating the national data 
sets. 

A.2.3.3 Direct emissions 

For direct emissions into the environment, the flows of substances (NO3, active substances 
in pesticides, etc) were taken into account and not the indicators (AOX, COD, BOD, etc). 
These flows were calculated using various models (see Chapter B.2.4). 
 

A.2.4 Data quality requirements 

A.2.4.1 Individual data quality and overall quality of the LCI data sets 

AGRIBALYSE® uses three quality levels: 
 Quality of individual data input 

The ecoinvent® 2.0 pedigree matrix (Frischknecht et al, 2007) was used to assess the 

quality of data entered directly into the data collection module (eg: quantity of 

fertilizer applied, daily quantity of feed mix distributed to animals). This approach 

was used to determine the confidence interval for data and define the data quality 

uniformly across the various data sets in the database. For efficiency and uniformity, 

only the type of the source from which particular data was taken was assessed and 

this assessment was then applied to all data taken from this source. 

 Quality of direct emissions in the field and on the farm (calculated data) 

For the direct emissions that were calculated using models (see B.2.4), the 

ecoinvent® 2.0 pedigree matrix was applied to the model concerned. 

 Overall quality of the whole LCI data set 

To meet the ILCD requirements, the score for the overall quality of the LCI data sets 

was calculated by applying the methods defined in the ILCD Handbook (JRC and IES 

2010a). 

 

A.2.4.2 Quality of individual data entered 

In accordance with the AGRIBALYSE® data collection guide (Biard et al, 2011a) the various 
types of data sources were classified as follows (Table 5): 

 Statistical sources, divided into:  

- Well documented statistics accessible to the public, 

- Statistics with limited access or scientific literature, accessible to the public 

 Typical cases, divided into: 

- Well documented typical case 

- Typical case with little supporting documentation 

 Expert opinion 

 Individual case / estimate 
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The pedigree-matrix (Table 6) was used as a standard by ecoinvent® (Frischknecht et al, 
2007) to describe the variance of data and assess the quality. The values of five indicators 
are processed using a mathematical formula to give a confidence interval of 95%. 
 

Table 5: Types of data source used in the AGRIBALYSE® ǇǊƻƎǊŀƳ ŀƴŘ ǘƘŜƛǊ άǉǳŀƭƛǘȅ ǎŎƻǊŜέ 
(lognormal distribution confidence interval) based on the ecoinvent® 2.0 pedigree matrix 
(Table 6). A low value indicates greater precision. 

Type of data source 
Basic 

uncertainty 
Pedigree matrix 

values  
Quality score  

(95% confidence interval) 

Well documented statistics accessible 
to the public 

1.05 {1,1,1,1,1} 1.050 

Statistics with limited access or 
scientific literature, accessible to the 
public 

1.05 {2,3,2,2,2} 1.108 

Well documented typical case 1.05 {1,2,1,1,1} 1.054 

Typical case with little supporting 
documentation 

1.05 {2,3,2,3,2} 1.109 

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 uncertainty, which draws a distinction depending on the type of data, was 
taken from Table 7.2 of the ecoinvent® report (Frischknecht et al, 2007). For most inputs, 
the basic uncertainty is 1.05. For transport it is 2 and for infrastructure (buildings) it is 3. 
 
 



 

 

Table 6: Pedigree-matrix, based on Frischknecht et al, 2007 

 Indicator score 

Indicator  1 2 3 4 5 (default) Remarks 

Reliability 
Verified data based 
on measurements 

Verified data partly 
based on 

assumptions or non-
verified data based on 

measurements  

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 

Completeness 

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 

Temporal 
representativeness 

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 

 

Geographical 
representativeness  

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) 

 

Further 
technological 
representativeness   

Data from 
enterprises, 

processes and 
materials under 

study 

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

technology) but from 
different enterprises 

Data from processes 
and materials under 

study but from 
different technology 

Data on related 
processes or 

materials 

Data on related 
processes on 

laboratory scale or 
from different 
technology 

 
 

Sample size 

>100, continuous 
measurement, 

balance of 
purchased products 

>20 > 10, aggregated 
figure in env. report >=3 unknown 

Sample size behind a 
figure reported in the 
information source 
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A.2.4.3 Quality of the models for direct emissions in the field and on the farm (calculated 

data) 

The quality of the models used was also assessed using the pedigree matrix. The criterion for 
completeness (Table 6) was adjusted by evaluating the number of major parameters 
considered in the model in question. 
 

Table 7: Models for calculating direct emissions (see B.2.4 for details) used for the 
AGRIBALYSE® ǇǊƻƎǊŀƳ ŀƴŘ ǘƘŜƛǊ άǉǳŀƭƛǘȅ ǎŎƻǊŜέ (lognormal distribution confidence interval) 
based on the ecoinvent® 2.0 pedigree matrix (Table 6) 

Type of source Model 
Basic 

uncertainty 
Pedigree matrix 

values  
Quality score  

(95% confidence interval) 

Fixing of carbon dioxide by 
the products (CO2) 

ecoinvent® v2 1.2 {2,2,1,2,1} 1.209 

Land occupation m2.yr and 
transformation m2 

ecoinvent® v2 1.2 {2,2,2,1,1} 1.212 

Emissions of ammonia (NH3) 
EMEP/EEA 2009 

Tier 2 
1.2 {2,3,2,2,1} 1.218 

Nitrogen excreted by the 
animals  

CORPEN 1.2 {2,2,3,3,1} 1.238 

Emissions of methane (CH4) 
IPCC 2006b  

Tier 2 
1.2 {2,2,3,3,1} 1.238 

Emissions of carbon dioxide 
(CO2) from liming 

IPCC 2006b  
Tier 1 

1.2 {2,3,3,4,1} 1.249 

Emissions of active 
substances from pesticides 

ecoinvent® v2 1.2 {4,5,1,3,1} 1.372 

Emissions of nitric oxide (NO) 
EMEP/EEA 2009 

Tier 1 
1.4 {2,4,2,2,1} 1.425 

Emissions of dinitrogen oxide 
(N2O) 

IPCC 2006b  
Tier 1 

1.4 {2,4,3,4,1} 1.446 

Emissions of nitrate (NO3
-) ς 

modified Comifer grill 
Tailleur et al, 2012 1.5 {2,3,1,1,1} 1.509 

Allocation of P, K and Norg This report 1.5 {2,3,1,1,1} 1.509 

Emissions of nitrate (NO3
-) ς 

perennial crops 
SQCB (Faist et al, 

2009) 
1.5 {2,3,1,5,1} 1.525 

Emissions of nitrate (NO3
-) ς 

tropical crops 
GIEC 1.5 {3,3,1,3,2} 1.855 

Emissions of trace metals {![/!π{a modified 1.5 {2,2,3,4,1} 1.526 

Emissions of phosphorus and 
phosphate (P, PO4

3-) 
SALCA-P 1.5 {2,3,3,4,1} 1.530 

Emissions of nitrate (NO3
-) ς 

soilless crops 
This report 1.5 {4,3,1,1,1} 1.564 

Land use change (CO2) This report 1.8 {4,3,2,1,1} 1.855 

 
Note: The basic uncertainty, which varies depending on the type of data, was taken from 
Table 7.2 of the ecoinvent® report (Frischknecht et al, 2007). 
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A.2.4.4 Overall quality of the LCI data sets in accordance with ILCD 

To comply with ILCD requirements, the overall ILCD quality score for the data sets was 
calculated according to the following six criteria: 

 Technological representativeness (TeR) 

 Geographical representativeness (GR) 

 Time-related representativeness (TiR) 

 Completeness (C) 

 Precision / uncertainty (P) 

 Methodological appropriateness and consistency (M) 

 

These six criteria were evaluated for all the data in a data set, assessing the extent to which 
the data set met the requirements (on a scale of 1 to 5, 0 for not applicable). The final score 
was calculated in accordance with the ILCD recommendations. A data set was considered to 
ōŜ άIƛƎƘ ǉǳŀƭƛǘȅέ ƛŦ ǘƘŜ ǎŎƻǊŜ ƛǎ Җ м.6, ά.ŀǎƛŎ ǉǳŀƭƛǘȅέ ŦƻǊ ŀ ǎŎƻǊŜ ҔмΦс ǘƻ Җо ŀƴŘ ά5ŀǘŀ 
ŜǎǘƛƳŀǘŜέ ŦƻǊ ŀ ǎŎƻǊŜ ƻŦ Ҕо ǘƻ Җп. 
 
As the scales proposed by the ILCD were very generic, to ensure consistent evaluation, the 
scores for the criterion to be evaluated were specified as follows: 

 Technological representativeness (TeR): The various agricultural practices considered 
in the inventory are representative of the total number of production systems used 
to complete the production considered (considering their distribution / importance). 
1 = Very good: nearly all the possible production systems are included in the data set 
2 = Good: most of the production systems are considered 
3 = Satisfactory: it is not certain that most of the productions systems are considered 
4 = Not very satisfactory: Only a few production systems are considered 
5 = Unsatisfactory: the data set is based on only one production system 
 

 Geographical representativeness (GR): The distribution of production regions for the 
crop considered in a data set was evaluated, based on the area cultivated (ha), the 
number of departments covered, or the quantity produced, depending on the data 
available. 
1 = (very good): җ95% 
2 = (good): җ85% and <95% 
3 = (satisfactory/acceptable): җ75% and <85% 
4 = (not very satisfactory): җ50% and <75% 
5 = (unsatisfactory): <50% 
 

 Time-related representativeness (TiR): The extent to which the reference period 
(2005 to 2009) was representative was assessed as: 
1 = Very good: data for all five years in the reference period 
2 = Good: data for at least three years in the reference period with little 
change/variation in the production systems 
3 = Satisfactory: data on at least two years in the reference period with little 
change/variation in the production systems 
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4 = Not very satisfactory: data on two or three years in the reference period but with 
major changes in the production systems which are not included 
5 = Unsatisfactory: data on only one year in the reference period 
 

 Completeness (C): this criterion is used to evaluate the flows taken account of in the 
data set with respect to those given in the data collection guide (GDC). 
1 = Very good: all the flows in the data collection guide and major inputs are included 
2 = Good: several inputs are not considered but they are not of great importance 
3 = Average: some major inputs are not considered 
4 = Poor: several major inputs are not considered 
5 = Very poor: many major inputs are not considered 

 

Default scores (identical for all data sets) were used for Precision and Methodological 
appropriateness and consistency. 

 Precision / uncertainty (P)= 3: άacceptableέ, given that the precision of the data was 

assessed using the pedigree-matrix and all AGRIBALYSE® data sets are subject to 

natural processes resulting in a certain variance. 

 Methodological appropriateness and consistency (M)= 2: άƎƻƻŘέ, given that the 

calculation models, the system boundaries and the modeling were selected to suit 

the aims of the study. 

A.2.5 Type of critical review ς Quality control 

A critical review as defined in ISO 14040/14044 (ISO, 2006a and ISO, 2006b) for situation 
ILCD-A (see A.1.3) was carried out for the AGRIBALYSE® program. This review concentrated 
on quality control. 

 Production system data entered into the data collection module 
 The direct emissions calculation models 
 LCI and LCIA results 

 
Quality control was carried out in three phases: 

1. Internal verification: For the AGRIBALYSE® program the data for the LCI data sets and 

LCIAs was collected and calculated by different people: άŀǳǘƘƻǊǎέ (see metadata: 

άauthorέ) ŀƴŘ άdata generatorǎέ. ¢ƘŜ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ άŀǳǘƘƻǊǎέ ǿŀǎ ǾŜǊƛŦƛŜŘ ōȅ 

ǘƘŜ άŘŀǘŀ ƎŜƴŜǊŀǘƻǊǎέ(Colomb et al, 2013). 

2. Quality control of the data describing the production systems for the French 

agricultural production processes carried out where possible by experts from 

organizations external to the project. 

3. Quality control of the results of the LCI and LCIA and of the direct emissions 

calculation models, carried out by the Technical Institutes. 

 
Phases 2 and 3 each ended with a working seminar. 
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A.2.5.1 Quality control of French production system data 

a) The experts 

An independent expert was appointed for each review of a group of similar agricultural 
production processes (eg: set of oleaginous crop production processes). 
 
Experts approached 
The experts who were selected belonged mainly to an organization external to the 
AGRIBALYSE® program (Table 8). In several cases, it was not possible to find experts in 
organizations other than those involved in the program. However, AGRIBALYSE® made every 
effort to check that they were not involved with setting up the data sets. For tropical 
products, the control procedure was simplified with only internal control within CIRAD. 
 
Table 8: Organizations to which the experts who checked the quality of the production 
system data belonged 

Organization to which experts belonged 

Agrial 
Farming 
cooperative 

Chambre Régionale 
ŘΩ!ƎǊƛŎǳlture de 
Bretagne 

Agricultural 
development 

Agrocampus Ouest 
Educational and 
research institute 

Chambre Régionale 
ŘΩ!ƎǊƛŎǳƭǘǳǊŜ ŘŜǎ 
Pays-de-la-Loire 

Agricultural 
development 

Agro-Pithiviers 
Farming 
cooperative 

ESA Angers Education 

Agro-Transfert 
Picardie 

Technology transfer IDELE Technical Institute 

Axereal 
Farming 
cooperative 

INRA Research Institute 

Biomar Feed manufacturer InVivo Farming cooperative 

Chambre 
ŘΩ!ƎǊƛŎǳƭǘǳǊŜ 44 

Agricultural 
development 

IRBAB (Institut 
Royal Belge pour 
ƭΩ!ƳŞƭƛƻǊŀǘƛƻƴ ŘŜ ƭa 
Betterave) 

Technical Institute 

Chambre 
ŘΩ!ƎǊƛŎǳƭǘǳǊŜ ро 

Agricultural 
development 

ITAB Technical Institute 

Chambre 
ŘΩ!ƎǊƛŎǳƭǘǳǊŜ сс 

Agricultural 
development 

Lycée de Guérande Education 

Coop de France 
Farming 
cooperative 

SILEBAN 
Regional experimental 
station 

 
The main criteria for selecting the experts were their independence, their qualifications and 
their experience. 
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Procedure for selecting the experts 

 Selection of organizations for quality control by the AGRIBALYSE® Strategic 
Committee  

 Proposal of experts by the Technical Institutes 
 Proposal of experts by the organizations selected for quality control 
 Selection of the experts by the Strategic Committee from the proposals made by the 

organizations and Technical Institutes on the basis of the following criteria. 
 

Expert selection criteria 
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 

 Independence with respect to AGRIBALYSE® 
 Availability 

b) Documentation 

The following documents were produced for the quality control phase. 
 
Specification for the experts 
This was a technical document (Appendix C) to simplify the quality control work of the 
experts by detailing the data to be reviewed and the review process. This document defined 
the scope of quality control required. It also defined that, when modifications were required, 
the quality of the modifications should be subject to a second review. 
 
Review forms 
Review forms were sent to the experts to provide uniform results. These forms were specific 
to each livestock or arable / horticultural production system and are attached at Appendix C. 
One form was filled in for each data set checked. These forms have: 

 A pre-printed section: to ensure that the experts check critical points 
 A blank section: for 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 confidential and be used only for quality control. Experts 
confirmed that data would be kept confidential by signing a confidentiality agreement 
before the data was sent. 

c) Scope of the quality control procedure 

The experts were requested to check the data describing the production systems. They were 
not asked to assess the methodological decisions made for the project (system boundaries, 
functional units, allocation, etc). Details of the data to be reviewed were defined in a 
specification. 
The experts were also asked to comment on any omissions or incoherence in the 
descriptions of the production systems. 
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A.2.5.2 Quality control of LCI and LCIA results 

The quality of the LCA/LCIA data calculated by Agroscope and INRA was checked by the 
Technical Institutes involved in the AGRIBALYSE® program according to a common 
procedure. 
 

a) The experts 

The data was checked by the Technical Institutes involved in the AGRIBALYSE® program. 
 

b) Documentation 

To carry out the quality control, files summarizing the results of the LCIA were drawn up and 
exchanged for each data set. These files also contained technical data (eg. results of 
nutritional components, results of fuel consumption, etc.) to check that the data entered 
into the data sets was processed correctly. 
The Technical Institutes returned the results of their reviews using a specifically 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 for the direct emissions calculation models. This was done in several stages: 
verifying the calculations, comparing the internal references and the results in the works 
cited in the bibliography. 
 
The procedure ended by pooling the comments at a working seminar and by the Technical 
Institutes drawing up an evaluation report. This report is included in the report 
ά!DwL.![¸{9ϯ: Assessment and lessons for the futureέ (Colomb et al, 2013). 
 

A.2.6 Type and format of the report required for the study 

ISO 14044 (ISO, 2006b) and the ILCD Handbook (JRC and IES, 2010a) give recommendations 
for the types of deliverables expected. In accordance with these recommendations, 
AGRIBALYSE® results were produced in the following formats: 

 A report on the methodology setting out the bases for the study (this report) 

 For each product, the results are given as: 

V impact indicator values (LCIA) 

V LCI flow data sets 

 ¢ƘŜ ǊŜǇƻǊǘ ά!DwL.![¸{9ϯ: Assessment and lessons for the futureέ (Colomb et al, 
2013), describing how the program was carried out and the main results of the 
program, including two notes on the quality control of the LCI data sets and the 
results as well as an exploratory sensitivity analysis for sugar beet and pork. 

 
Incorporating the data sets into the IMPACTS® database requires the results to be in terms 
of flow (LCI) rather than impact indicators, as the impacts are calculated automatically from 
the flows and the characterization factors selected by the ADEME-AFNOR platform on the 
basis of JRC recommendations. However, it proved necessary to have the LCIA results in 
order to be able to analyze the results for each product in subsequent projects. 
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To simplify the distribution of the results, AGRIBALYSE® also provided the following 
documents: 

 A summary for each product to give a rapid overview of the main results without 

requiring LCA software 

 A database meeting ILCD requirements (for situation ILCD-A, see A.1.3), in the form 

of unit processes, containing the data sets produced during the program 
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Part B ς [/L Řŀǘŀ ǎŜǘǎ 

B.1 Data collection procedures and systems used for AGRIBALYSE® 

AGRIBALYSE® was designed to ensure that the processes selected could be compared. The 
following procedures and systems were used to produce the LCI data sets using a consistent 
methodology to ensure that the data sets could be compared so far as possible. 
 

 Common rules were set out for defining systems and data collection procedures and 
a special data collection module was developed. These rules are published in the 
Data Collection Guide (GDC, see B.2.1) 

 A data collection module was used to input the data for the various livestock and 
arable / horticultural products in a uniform format (see B.2.1) 

 A set of EXCEL spreadsheets was used for calculating direct emissions and systematic 
processing of the input data in ecospold format (calculation chain, see B.2.1) 

 Simapro® + ecoinvent®: Most of the upstream and indirect flows were calculated 
using Simapro® and the ecoinvent® database ® v3.2, cutt off version (called 
« allocation recyclesd content » in SimaPro). 

 

B.2 Data collection 

B.2.1 Data collection 

B.2.1.1 Data collection module 

The data collection module used Excel and VBA (Visual Basic for Applications) for entering 
the raw data in a standardized format. The data collection module was based on a form 
developed and used for a CASDAR project (CASDAR AAP 7-175 άLƳǇǊƻǾƛƴƎ ŜŎƻƴƻƳƛŎ ŀƴŘ 
environmental performance of pea, rapeseed and wheat production sȅǎǘŜƳǎέ). As this form 
only allowed data to be entered for production systems for annual French crops, it had to be 
modified to meet the requirements of the AGRIBALYSE® program: 

 Design and incorporation of input spreadsheets for the various livestock and special 
products (greenhouse crops, permanent crop systems) 

 Minimizing the diversity of inputs by defining default values (accessible using 
dropdown menus) to simplify data collection and ensure that descriptions were 
uniform 

 Design to allow lists of inputs / dropdown menus to be extended 
 Documentation of the production systems as required by the ILCD Handbook (JRC 

and IES, 2010a) 
 Inclusion of the evaluation of the quality of each data item depending on its source 
 Possibility of comparing the data sets/production systems entered 

 
Two documents were produced describing how to use the data collection module: the Data 
Collection Guide (Biard et al, 2011a) and the Data Collection Module Manual (Biard et al, 
2011b). 
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B.2.1.2 Data Collection Guide 

The Data Collection Guide (Biard et al, 2011a) gave practical help during the data collection 
phase for the AGRIBALYSE® program. It ensured that all production system data was 
consistent. The Data Collection Guide is both a guide for data collection (Part A) and a guide 
to good practices for modeling the production systems covered (Part B). The rules set out in 
the guide were implemented in the data collection module. 
 

B.2.1.3 Data collection module manual 

This manual describes how to use the data collection module. It describes the various input 
fields and how the data collection module operates. 
 

B.2.2 Input data categories 

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 on the system (see chapter A.2.2), was undertaken by the Technical 
Institutes, using the data collection module. 

a) Arable and horticultural products 

The following information was collected for each input: 
 The name of the specific input (eg. ammonium nitrate, rabbit liquid manure or 

metolachlor). The names of items were selected from a predefined list which could 
be extended if necessary on condition that a definition was given for each new item. 

 The quantity applied / consumed (specifying the units) 
 The data source 
 The percentage of area concerned, to take account of different practices in certain 

production systems (eg: 30% no till; 70% sowing with drill) 
 The date of application and the minimum and maximum values of the data. This was 

optional, as the information was not strictly necessary for the LCI.  
 Optional comments 
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Table 9 lists additional information require for each input category. 

Table 9: Additional data collected for each input category 

Input category Additional data collected Products concerned 

Sowing seed Proportion of farm seed sown  Annual crops 

Fertilizer (organic/mineral) Number of applications All 

Pesticides  Number of applications All 

Agricultural process  
- Tillage 
- Sowing seed 
- Fertilization 
- Applying pesticides  
- Tending crops 
- Harvest 

Number of applications All 

- Irrigation Amounts of water applied, source 
of energy used and amount of 
energy consumed 

All 

Buildings Area Special French crops 
(greenhouses) 

Other inputs Purpose All 

 
The data was entered using predefined lists. When a new item (fertilizer, active substance, 
process) was introduced, the following information was entered to build a specific LCI data 
set or modify an existing data set: 

 New fertilizer: name, units, composition (total N, plant available N, P2O5), source. 
 New agricultural process: name of process, description, units, machinery required 

(traction and no more than two machines), operation time, consumption and type of 
power, source. 

 New machine: name of the machine, description, lifetime, weight of the machine, 
footprint, source. 

b) Livestock production 

Two types of data were collected for livestock production data sets 
 Data describing the class of animal (eg: number of animals at start, age and weight of 

animal on acquisition and disposal, mortality, etc.) 
 Data on animal feed. Data was entered in two stages. The first stage defined the 

feed mix and the second stage defined the annual ration. In the first stage, the raw 
materials and their proportions in the feed mix were defined. In the second stage, 
the feed mixes and/or the basic fodder (raw materials consumed directly by the 
animals including forage and grazed grass) were defined to give a precise record of 
the ration distributed to the animals. 

B.2.2.2 Direct emissions 

The flows of potentially polluting substances directly associated with the livestock and 
arable/horticultural production processes (direct emissions) are not entered but calculated 
by the inventory data processing system (IDPS), see chapter B.2.4. The data and parameters 
required for calculating direct emissions are described in the datasheets (Appendix D). 
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B.3 Calculating the LCI data sets 

B.3.1 Data processing applications 

The AGRIBALYSE® data sets were drawn up using a set of EXCEL spreadsheets, called 
Inventory data processing system (IDPS), to ensure that data was processed consistently and 
could be compared. The IDPS used the data from the data collection module and converted 
it inǘƻ ŀ άunit processέ ƛƴ ecospold format, adding the direct emissions and transport for the 
inputs. This format makes the data set compatible with LCA applications. 
 
The IDPS had two main sections: 

 Software implementing the models for calculating the direct emissions: 15 models 

were drawn up or modified for calculating the direct emissions (Table 10).  

Table 10: Models for calculating direct emissions (see chapter B.2.4) 

Substance emitted Calculation procedure 

CH4 EXCEL spreadsheet, developed by AGRIBALYSE® 

CO2 biogenic EXCEL spreadsheet, developed by AGRIBALYSE® 

CO2 due to land use change  Method developed by AGRIBALYSE® 

CO2 due to liming EXCEL spreadsheet, developed by AGRIBALYSE® 

ETM Modified SALCA spreadsheet 

N2O EXCEL spreadsheet, developed by AGRIBALYSE® 

NH3 EXCEL spreadsheet, developed by AGRIBALYSE® 

NO3- EXCEL spreadsheet, developed by AGRIBALYSE® 

NO EXCEL spreadsheet, developed by AGRIBALYSE® 

Land occupation and transformation EXCEL spreadsheet, developed by AGRIBALYSE® 

P, P2O4 Modified SALCA spreadsheet 

NPK reallocated EXCEL spreadsheet, developed by AGRIBALYSE® 

Active substances (pesticides) EXCEL spreadsheet, developed by AGRIBALYSE® 

Substances emitted by farmed fish (Ntotal, Ptotal, 
TSS/COD) 

EXCEL spreadsheet, developed by AGRIBALYSE® 

Intermediate spreadsheet  

Calculation of nitrogen excretions from animals EXCEL spreadsheet, developed by AGRIBALYSE® 

Calculation of soil loss EXCEL spreadsheet, developed by AGRIBALYSE® 

 

 Data conversion module: This module took the results of the direct emissions 

calculation procedures and the data on inputs from the data collection module and 

converted the information into a unit process in ecospold format. It was based on the 

SALCA system developed by Agroscope. 
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Figure 13 shows how these modules operate and interact. 

 
Figure 13: Components in the Inventory Data Processing System 
 
Each component of the inventory data processing system was designed or specifically 
modified to meet the requirements of the AGRIBALYSE® program. Information about 
ŀŎŎŜǎǎƛƴƎ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǊŜǇƻǊǘ ά!DwL.![¸{9ϯ: Assessment and 
lessons for the futureέ (Colomb et al, 2013). 

B.3.2 Relating data to the functional units 

In several cases, data was collected for the data collection unit which is different from the 
functional unit (in general, the data collection unit for arable / horticultural data sets is the 
hectare and that for livestock data sets is the herd). Data sets were related to the functional 
units using a conversion factor, based on the reference flow also defined during data 
collection. 
 

B.3.3 Calculating the LCI data sets of inputs for agricultural production 

AGRIBALYSE® distinguished three types of input for agricultural data sets: 
1. Agricultural inputs (from France or elsewhere) ς for example: forage barley, seed, 

etc. These inputs were taken from the agricultural sector and their data sets were 

developed by the AGRIBALYSE® program. 

2. Non agricultural inputs specific to agriculture ς for example: tractor, pesticides, 

fertilizers, etc. 

Processing by the IDPS 
 

1. Allocate primary data Č data set 
2. Check units 
3. Calculate amount consumed 
4. Calculate transport 
5. Allocate 
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3. Non agricultural inputs not specific to agriculture ς 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. 

 

The basic principle of the AGRIBALYSE® program for the LCI data sets/ LCA for type (2) and 
(3) inputs was that priority should be given to data in the IMPACTS® database or, if not in 
this database, in other recognized databases. However, few data sets meeting the 
requirements for coherence with the AGRIBALYSE® methodology (boundaries, flows) and 
representativeness were found. For this reason, most of the data sets used came from the 
ecoinvent® database. However, as the ecoinvent® data sets were not always applicable to 
France, type (2) inputs were modified, where possible, using existing data sets (see following 
chapters). The correspondence άƛƴǇǳǘǎ ғ-> existing LCI data setǎέ ƛǎ ƎƛǾŜƴ ƛƴ Appendix G. 
 
When necessary, data sets for type (2) inputs were set up on the basis of existing data sets 
and modified to suit conditions in France. For example: 

 Machines: the size of the machines and operation time were adjusted to conditions 

in France and the tropical production systems studied. 

 Livestock buildings: the source data came mainly from the CASDAR ǇǊƻƧŜŎǘ ά9co-
construction ŀƴŘ ƭƛǾŜǎǘƻŎƪ ōǳƛƭŘƛƴƎǎέ (IE et al, 2009). The units used were the annual 
area used in m2.yr or a space used for one year. 

 Fish farm buildings: the data sets used for fish farm infrastructure was taken from the 
databases of UMR-SAS, INRA, Rennes. 

 Plant production buildings: data sets based on data from French manufacturers were 
used for greenhouses (glass greenhouses, air-inflated double polyethylene film 
greenhouses and polytunnels), (Boulard et al, 2011). 

 
The procedures implemented for building LCI data sets when existing data sets were not 
included in existing databases are described below. 
 

B.3.3.1 Sowing seeds and growing plants 

The following approaches were used to build seed and plant data sets: 
1. Extrapolation by applying a factor to the data set for the crop grown for sale. The 

άǎŜŜŘέ data set flows (resources required and emissions) were calculated by 

multiplȅƛƴƎ ǘƘŜ άŎǊƻǇέ data set by an extrapolation factor. Data on ten crops3 was 

available from GESTIM (Gac et al, 2010) but the data sets were drawn up to study the 

impacts of primary energy consumption and climate change. Certain inputs and flows 

contributing to other impacts were not included or not sufficiently detailed. The 

quantities for the inputs and missing flows were obtained by multiplying the 

quantities obtained for the data set for the crop grown by an extrapolation factor. 

This factor was the ratio between the consumption of primary energy obtained from 

                                            
3
 Durum wheat, soft wheat, sugar beet, rapeseed, maize, barley, peas, potatoes, triticale, sunflowers. 
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GESTIM for seed production and that for the product listed in the data collected for 

the AGRIBALYSE® program (see Appendix D, Datasheet 15). 

2. Building a separate data set 

3. If the information required was not present: substitution of the data set for the crop 

grown or use of an existing LCI data set. 

 
The extrapolation approach was applied for ten annual crops: sugar beet, durum wheat, soft 
wheat, rapeseed, maize (grain and silage), barley (brewing and forage), peas, potatoes, 
sunflowers and triticale. For « similar crops », the most common se bought was used : all 
wheats have a seed extrapolated from the « average wheat », all maizes have a seed from 
« grain maize » and all barleys have a seed from « spring barley » (Table 140).  Approach 2 
was also applied to carrots and tomatoes using expert opinion. 
 
Approach 3 was used for the other crops: for faba beans and organic annual crops (soft 
wheat, triticale), seed sowing was taken into account by substituting the data set for the 
final product. The ecoinvent® data sets were used for grassland and alfalfa. For orchards, 
grapevines, coffee and clementines, an equivalent area was calculated by working out the 
number of hectares of cuttings and grafts required to plant one hectare of orchard/enclosed 
area. The orchard/vineyard in full production data set was taken as a substitute. 
 

B.3.3.2 Average fertilizer data sets 

TƘǊŜŜ άŀǾŜǊŀƎŜ bκtκY ŦŜǊǘƛƭƛȊŜǊέ data sets (average mineral fertilizer, as N/P/K, at regional 
storehouse, FR) were set up based on the average mineral fertilizer consumption from 2005 
to 2009 in France for which an LCI data set was available (Appendix I). The UNIFA database 
was used for this, taking the data for deliveries of fertilizer for the years 2004/2005 to 
2008/2009 (UNIFA, 2009). The non-specified 2 and 3 compound fertilizers categories (PK, 
NP, NK, NPK) were allocated to ecoinvent® data sets using more detailed analyses from 
GESTIM (Gac et al, 2010). Organo-mineral fertilizers were allocated to the other fertilizers 
depending on their N/P/K content. The transport distances from the place of production to 
the point of sale were also based on GESTIM analyses (Gac et al, 2010). Details are given in 
Appendix I. 
 

For farm manure (manure, liquid manure) άǇƘŀƴǘƻƳ [/L data setǎέ ǿƛǘƘ ƴƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
impact were set up to ensure that the direct emissions related to their application were 
calculated correctly and to make it easier to check the data sets. 
 

B.3.3.3 Machine data sets 

New data sets were calculated based on the information entered in the data collection 
module, by parameterizing the six machine data sets available in the ecoinvent® database. 
The machine datasets include the flows related to: 

 Production 

 Repair 

 Maintenance of tires and engines (if appropriate) 

 End of life (waste management) 
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Table 11 summarizes the parameters for the various components of these data sets. The 
flows related to maintenance are required only for powered machines (oil and filters) and 
wheeled machines (tires). 
 
Table 11: Parameters for machine data sets using the available ecoinvent® data sets 

Data set component Parameter required 
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Production 
Weight 

yes yes yes yes yes yes 
Waste management  yes yes yes yes yes yes 
Repair Weight and lifetime  

(repair factor) 

yes yes yes yes yes yes 
Waste management yes yes yes yes yes yes 
Maintenance (tires) Weight and lifetime of 

machine/tire 

yes yes yes yes yes no 
Waste management yes yes yes yes yes no 
Maintenance (filters, oil) Weight and lifetime of 

machine 

yes yes no no no no 
Waste management yes yes no no no no 

 
The 213 machines defined in the data collection module were divided into the following 14 
groups4 depending on: i) ecoinvent class of machine (tractors; harvesters; trailers; 
agricultural machinery, general; agricultural machinery, tillage; slurry tankers) and ii) the 
lifetime.  

1. Tractors, 7,500 h  
2. Tractors, 10,000 h  
3. Tractors, 12,000 h 
4. Harvesters, <5000 h  
5. Harvesters, 5,000 ς 10,000 h  
6. Harvesters, > 10,000 h  
7. Trailers <20 t  
8. Trailers, >20 t  
9. Slurry tankers, 5000 l,  
10. Agricultural machinery, general, <2,500 h  
11. Agricultural machinery, general, 2,500 -5,000 h  
12. Agricultural machinery, general, >5,000 h  
13. Agricultural machinery, til lage  
14. Machine with electric motor 

 
The functional unit for machine data sets is always ά1 kg machine ŦƻǊ ǘƘŜ ǘƻǘŀƭ ƭƛŦŜǘƛƳŜέ. 
Details are given in Appendix J. 
 

B.3.3.4 Agricultural process data sets 

An agricultural process covers the flows related to the use of the infrastructure for tilling, 
maintenance and harvesting: 

                                            
4
 Four standard ecoinvent® data sets are used for lorries (lorry 16t/RER/I U, lorry 40t/RER/I U), vans (van 

<3.5t/RER/I U) and helicopters (Helicopter/GLO/I U). 
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 Production, maintenance and end of life of the machines used for the process (eg. a 

tractor and a plow with five blades ŦƻǊ ǘƘŜ άǇƭƻwingέ ǇǊƻŎŜǎǎ). 

 All the inputs and outputs required for the operation of the infrastructure, i.e. energy 

(diesel, electricity) and emissions from burning fuel. However, variable products, 

distributed or applied by the processes, such as the fertilizers or active substances, 

are not included. These inputs were specified separately. 

 The storage facilities for machinery: shed or open air area. 

 

New data sets were set up based on the information entered in the data collection module 
(operation time, diesel fuel consumption etc.). The 258 agricultural processes specified 
initially in the data collection module were harmonized and grouped into 139 final 
processes, in collaboration with the technical Institutes (Appendix K). 
 
For coherence with ecoinvent®, ŀƴ άŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŎŜǎǎέ data set covered the following 
elements: 

 The requirements for one or more machines 

 The power requirement (fuel/electricity, etc.) 

 Emissions related to the use of the fuel (if appropriate) 

 Wear on the tires (if appropriate) 

 The requirement for a garage to house tractors and automotive machines or the area 

required for attachments and trailers (open air storage). 

The functional unit for agricultural processes waǎ άƻƴŜ ƘƻǳǊ ƻŦ ǿƻǊƪέΣ ǿƘƛŎƘ ƛǎ ŘƛŦŦŜǊŜƴǘ 

from the ecoinvent® ŎƻƴǾŜƴǘƛƻƴ ǿƘŜǊŜ ƛƴ Ƴƻǎǘ ŎŀǎŜǎ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ǳƴƛǘ ƛǎ άƻƴŜ hectareέ. 

This convention is more flexible and makes it possible to take account of different times 

required (h/ha) for the same process (for example for tilling different types of soil). The 

machine requirement for one hour of process is calculated by dividing its weight by its 

lifetime (because the functional unit for the machine LCI data set is kg machine for the 

whole lifetime). 

 

machine theof  Li fetime

machine theof  Weight
    trequiremen Machine =  
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B.3.3.5 Active substances 

The active substances used in pesticides were assigned to existing LCI data sets. Based on 
the pesticide index (ACTA, 2005 and ACTA, 2009), an active substance was assigned to an 
existing data set (eg: άcyclic N-compounds, at regional storehouse/kg/RERέ, άPyridine-
compounds, at regional storehouse/kg/RERέ) using its chemical family. When this was not 
possible, it was assigned to a more generic data set (άpesticides unspecified, RER at regional 
storehouseέ, άƘŜǊōƛŎƛŘŜǎ ǳƴǎǇŜŎƛŦƛŜŘ Χέ etc.). 
 

Examples 
Fluazinam Č chemical family: pyridinamine Č Pyridine compounds, at regional 
storehouse RER 
Flurtamone Č chemical family: furanone Č Pesticides unspecified, at regional storehouse, 
RER 

 
The assignment of all active substances covered in the AGRIBALYSE® program is given in 
Appendix G. 
 

B.3.3.6 Greenhouse LCI data sets 

Existing data sets were used and modified for greenhouses (glass greenhouses, air-inflated 
double polyethylene film greenhouses and polytunnels) (Boulard et al, 2011). These had to 
be modified for reasons of coherence, uniformity and consistency. In the original data sets, 
several inputs were linked to non ecoinvent® data sets. For example, for steel, the LCI data 
set άX12Cr13 (DIN 1.4005, AISI 416)έ ƛƴ ǘƘŜ IdeMAT database (IdeMAT, 2001) was used 
whereas in AGRIBALYSE® the steel considered was always άsteel, low-alloyed, at 
plant/kg/RERέ. The modified greenhouse data sets are available in the AGRIBALYSE® 
database. 
 

B.3.3.7 Livestock building data sets 

The livestock building data sets used: 
 Were taken from the internal databases of UMR SAS (INRA, Rennes) for 

infrastructure related to aquaculture 

 Were built using data from the CASDAR project άEco-construction of livestock 

ōǳƛƭŘƛƴƎǎέ (IDELE et al, 2009) 

 

B.3.3.8 Animal feed data sets 

Most of the LCI data sets for elementary feed, grazing and forage were produced for the 
AGRIBALYSE® program, adding transport if necessary. 
The feed mixes contain many raw feed materials (RM) for which LCI data sets were not 
produced within the program and so the RM data sets used for the formulation (fabrication) 
of commercially available food concentrates came from: 

 LCI data sets for products from the arable sector of AGRIBALYSE®: soft wheat, organic 
soft wheat, faba beans, organic faba beans, rapeseed, sunflower seed, cut grass 
(silage or haylage), grazed grass, alfalfa for dehydration, maize silage, maize grain, 
forage barley, peas, sugar beet, triticale and organic triticale. 
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 LCI data sets from internal databases from the UMR SAS (INRA, Rennes) that were 
processed by the AGRIBALYSE® inventory data processing system. The production 
system data contained in these databases was entered into the data collection 
module and the LCI data sets were generated by the AGRIBALYSE® inventory data 
processing system (IDPS). These data sets were for forage, cereals and oil and protein 
crops. 

 LCI data sets from internal databases from the UMR SAS (INRA, Rennes) that were 
used without being processed by the IDPS. These are products other than raw plant 
materials that could have been processed by the IDPS, or products that had been 
subject of specific studies (eg: soybean from Brazil). 

 LCI data sets from commercial databases (ecoinvent®, etc). These were sometimes 
modified to comply with the project requirements. 
 

The data sets for feed mixes, in the system data set format, were made available for use in 
AGRIBALYSE®. The procedure for carrying out these processes is described in Appendix L. 
 
Note on calculating grazed grass data sets. For the AGRIBALYSE® program, grassland and 
grazed grass were treated in the same way as other forages, which meant that a special data 
set was set up (see A.2.2.4b). The data collected for the AGRIBALYSE® program strictly only 
covers grazing for cattle. The grazed grass data sets were also used without modification for 
sheep and goats considering that: 
a) in France, most ruminants are cattle 
b) the accounting (expressed in large cattle units) is comparable, which means that the 

overall yields and excretion can be compared 
c) for calculating the direct emissions linked to excretions, the composition of cattle 

manure was used. 
 
The losses at harvest were taken into account in the data sets for grass that was grazed or 
used for hay, silage or haylage. To calculate the yield, the losses on collection, storage and 
consumption of forage by the animals were subtracted (Appendix L, §3). 
 

B.3.4 Transport of inputs 

Transport of inputs from the point of purchase to the farm was taken into account using 
transport models. A transport model brought together the information on the means of 
transport used and the distances travelled and was applied to groups of inputs. The 
following types of input were considered: 

 Fertilizers (mineral and organic) 
 Pesticides 
 Other inputs 
 Raw materials for feed (note: when the forage and raw materials were produced on 

the farm, transport was not considered). 
  

 
In these models, ǘƘŜ ƧƻǳǊƴŜȅ ŦǊƻƳ ǘƘŜ άǇƻƛƴǘ ƻŦ ǇǳǊŎƘŀǎŜέ (storage / distribution site) to the 
άŦŀǊƳέ Ƴŀȅ ŎƻǾŜǊ ǘƘŜ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎ ǎƘƻǿƴ ƛƴ Table 12. 
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For the weight transported, the gross weight was taken into account. In accordance with 
ecoinvent® (Nemecek and Kägi, 2007), an average content of active substances in pesticides 
of 50% was used to estimate the weight of the pesticide based on the amount of active 
substance applied. 
 
Table 12: Assumptions for transport of inputs 

Type of input 
Transport from point of 

purchase outside France to 
point of purchase in France 

Transport from point of 
purchase in France to the 

farm 

Inputs produced on the farm No No  

Inputs produced in France  
(FR type data set) 

No 
Yes: 15 km with tractor and 

trailer 

 

 

Fertilizers, raw materials for 
imported feed 

Yes (see details in Table 13) 

Other imported inputs  
(RER type data set) 

¸Ŝǎ ōŀǎŜŘ ƻƴ 9ŎƻƛƴǾŜƴǘ άǾо 
ƳŀǊƪŜǘ ǇǊƻŎŜǎǎŜǎέ 

 
For AGRIBALYSE® data sets for France, the distance between the point of purchase and the 
farm considered was 15 km with tractor with trailer/ tank. For organic fertilizers which come 
from the farm itself or a nearby farm, 10 km transport with tractor and trailer was assumed. 
In addition, on farm transport (farm-field) is included ƛƴ άŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŎŜǎǎέ LCIs data sets, 
also amounting to about 10 km (Appendix K). 
 As no data was available, the same assumptions were applied for tropical crops: 
clementines, coffee and rice. 

For imported inputs, default assumptions from ecoinvent haǾŜ ōŜŜƴ ǳǎŜŘ ǘƘǊƻǳƎƘ άƳŀǊƪŜǘ 
ǇǊƻŎŜǎǎŜǎέΣ ŜȄŎŜǇǘ ŦƻǊ ƳƛƴŜǊŀƭ ŦŜǊǘƛƭƛȊŜǊǎ ŀƴŘ ŦŜŜŘǎ ǿƘŜǊŜ ǎǇŜŎƛŦƛŎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ Řŀǘŀ ŎƻǳƭŘ 
be defined based on GESTIM (Gac et al, 2010) (Table 13). 
 
For animal feed: 

 Transport from the place of production/storage of the raw material to the feed 
fabrication plant 

 Transport of the feed from the feed fabrication plant to the farm 
For feed produced on the farm, only the transport of raw materials from their place of 
production/storage to the farm was considered. 
An average transport distance in France, depending on the means of transport, was 
calculated according to Nguyen et al (2012). For raw materials coming from abroad, the 
transport distance proposed by GESTIM (Gac et al, 2010) was used. 
 
Table 13: AGRIBALYSE® transport models (TM) used for animal feed 

ecoinvent® process  
Place of fabrication of raw 

material Ĕ Fabrication plant 
Fabrication plant 
Ĕ Farm 

Transport, lorry >32t, EURO3/RER U 110 kma + GESTIMb assumption  130 kmb 
Transport, freight, rail/RER U 390 kma + GESTIMb assumption  - 
Transport, transoceanic freight ship/OCE U GESTIMb assumption  - 
a
 transport distance in France calculated according to Nguyen et al (2012). 

b
 transport distance according to Gac et 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 AGRIBALYSE®, direct emissions were defined as flows of potentially polluting substances 
into the environment, directly associated with livestock and arable/horticultural production, 
on their production site. This was, however, extended to cover the consumption of 
resources required for the production processes (water consumption, land occupation, etc). 
As recommended in the ILCD Handbook (JRC and IES, 2010a) and ISO standards (2006a and 
2006b), so far as possible, only the flows of elementary substances were calculated. COD 
(chemical oxygen demand) indicators and AOX (adsorbable organic halogens) were not 
considered. 
Indirect emissions, flows of potentially pollution substances into the environment associated 
with the production of inputs used on the production site, were not modeled in 
AGRIBALYSE®. These indirect emissions are part of the generic data in existing databases 
(ecoinvent®, etc). 
 
AGRIBALYSE® was based on the recommendations in international standards to rationalize 
the choice of models used for the program. According to the recommendations of IPCC 
(2006a) and EMEP/EEA (2009), the models used should make it possible to produce an 
estimate that is as precise and correct as possible. Models that introduced a systematic bias 
could not be used. Several criteria were taken into account when selecting models for 
calculating direct emissions and consumption of resources: 

 The scientific validity: AGRIBALYSE® aimed to be recognized internationally and so 

the methods used had to be recognized scientifically and be subject of international 

consensus. 

 The scope of validity: as AGRIBALYSE® set up data sets mainly for French agricultural 

products, the models used must, at least, be applicable to conditions in France. 

 Technical feasibility: AGRIBALYSE® focuses on using models that are easy to apply in 

particular concerning the quantity of data required to use the calculation models. 

The granularity of the models selected must be compatible with the input data 

collected. 

The models for calculating direct emissions and the consumption of resources for tropical 

products were selected on the same principles, the scope of validity being adapted to each 

product considered. 

 

This section of the report presents the main requirements for each substance emitted, the 
models identified in the literature which could possibly be used in AGRIBALYSE® and the 
models and the sources of emissions finally selected. The parameters for all the models are 
described in Appendices D, E and F. 
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a) Substances / direct emissions considered 

Agricultural production operations generate direct emissions and consume resources. Table 
14 presents the emissions and resources consumed and the sources of the emissions 
considered and the models selected. The choice of model does not indicate that a given 
model is considered to be scientifically better than the other models. The models were 
selected to meet the requirements and aims of the AGRIBALYSE® program. 
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Table 14: Substances emitted/ resources consumed, sources of emissions and models used in 
AGRIBALYSE® 

Substance emitted /  

Resource consumed 

Source of emissions /  

consumer of resource 
Model used 

Ammonia  
(NH3) 

Animal excretion (building/ storage)   

 - calculation of nitrogen excreted CORPEN 2006, 2003, 2001, 1999a and 1999b 

 - emission factors EMEP/EEA 2009 Tier 2 

Organic fertilizers and excretion on grassland EMEP/EEA 2009 Tier 2 

Mineral fertilizers EMEP/CORINAIR 2006 Tier 2 

Thai rice Yan et al, 2003b 

Carbon dioxide (CO2) 
Absorption by the plants ecoinvent® v2 (Nemecek and Kägi, 2007) 

Addition of lime and urea IPCC 2006b Tier 1 

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

Leaching: French crops 

{![/!π{a ŀŘŀǇǘed for France (Freiermuth, 
2006 and SOGREAH, 2007) 

Runoff: French crops 

Accumulation in the soil: French crops 

Energy stored by the 
plants 

All arable and horticultural production Higher heating value (HHV) of the product 

Combustion gas 

CO2 ecoinvent® v2 (Nemecek and Kägi, 2007), 
ǳǎƛƴƎ ŀƴ [/L άcombustion of diesel/keroseneέ 
data set 

Other air pollutants (metals, VOC, SOX, 
NOXΧύ 

Methane (CH4) 

Animal excretion (building/ 
storage/grassland/outdoor run) 

IPCC 2006b Tier 2 

Emissions from enteric fermentation: cattle 
and sheep 

IPCC 2006b Tier 2 

Emissions from enteric fermentation: other 
animals 

IPCC 2006b Tier 1 

Thai rice IPCC 2006b Tier 2 

Nitrate (NO3) 

Leaching: annual crops Tailleur et al, 2012 

Leaching: special orchard crops, vineyards SQCB (Faist et al, 2009) 

Leaching: special soilless crops This report: based on waste water/ losses 

Leaching: grassland This report 

Leaching: tropical crops (except rice) IPCC 2006b Tier 1 

Thai rice This report: based on water balance 

Livestock production: outdoor runs Basset-Mens et al, 2007 

Land occupation  All types of production ecoinvent® v2 (Frischknecht et al, 2007) 

Nitric oxide (NO) 

Livestock and arable/horticultural 
production 

EMEP/EEA 2009 Tier 1 

Thai rice IPCC 2006b Tier 2 

Phosphorus (P) 

Leaching: French crops 

SALCA-P (Nemecek and Kägi, 2007 and 
Prasuhn et al, 2006) 

Run-off: French crops 

Emissions from grazing and grassland 

Tropical crops (except rice) 

Special soilless crops  This report: based on waste water / losses 

Thai rice This report: based on water balance 

Pesticides 

Application of the product: French crops, 
clementines, coffee 

ecoinvent® v2 (Nemecek et Kägi, 2007) 

Application of the product: Thai rice This report 

Dinitrogen oxide (N2O) Arable / horticultural production IPCC 2006b Tier 1 
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Substance emitted /  

Resource consumed 

Source of emissions /  

consumer of resource 
Model used 

Special French crops IPCC 2006b Tier 1 

Tropical crops (except rice) IPCC 2006b Tier 1 

Thai rice IPCC 2006b Tier 2 

Livestock production (buildings and storage) IPCC 2006b Tier 2 

Soil lost 

French arable / horticultural production in 
open fields 

RUSLE (Foster, 2005) 

Soilless production  Loss set to 0 

Tropical products  Loss set to 0 

Land transformation  All types of production ecoinvent® v2 (Frischknecht et al, 2007) 

Phosphorus , nitrogen, 
total suspended solids 
(TSS) 

Aquaculture Papatryphon et al, 2005 

 
 

b) Flows not considered 

Several flows were not taken into account by AGRIBALYSE® 
 CO2 emissions produced by animal respiration: in accordance with the 

recommendations of IPCC (2006b). The CO2 absorbed by the plants during 

photosynthesis, and therefore contained in cattle feed, was considered to be 

restored to the atmosphere in this form. As this is not a long-term storage process, 

this type of emission did not need to be considered. 

 Carbon sequestration in the wood of permanent crops (grapevines and trees): it 

is difficult to evaluate the fate of the wood (storage or short cycle), the amounts of 

CO2 involved are low, in accordance with the calculations carried out by CITEPA for 

national data sets (CITEPA, 2011). 

 Changes in biomass and soil carbon stocks after land use change (LUC) in France: 

although two methods were developed for taking account of the changes in soil 

carbon stocks (Salou et al, 2012: Appendix E), this source / sink of emissions was 

not included in the data sets in the database. 

 Water sampling flows: More precise methods for including the water footprint 

(green, blue and gray) in LCI data sets are currently being developed (Appendix F). 

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 

AGRIBALYSE®. The direct consumption of water was, therefore, only taken into 

account for irrigation, fertigation and drinking and cleaning water. 

 Gaseous emissions from fish farming were not taken into account as insufficient 

data was available for trout and no data was available for the production of sea 

bass / sea bream. Data is being collected for these types of emissions. 

 Only Cd, Cu, Cr, Hg, Ni, Pb and Zn, were included for trace metals, as no reliable 

data was available for the other metals . 
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 Particulate emissions from activities on the farm (animal and plant production). 

The data currently available in France and Europe was considered to be 

insufficient to take satisfactory account of these emissions (Faburé et al, 2011). 

 Parameters could not be defined for the trace metal and soil loss models for 

tropical products as there was a lack of information/data. 

 Of the various NOx gases only NO was considered for direct flows, owing to the 

lack of appropriate models for the other gases. 

 

A detailed description of the parameters for models for calculating NH3 emissions is given in 
Appendix D ς Datasheet 1. 
 

B.3.5.2 Calculation of ammonia emissions (NH3) 

a) Challenges and requirements 

In agricultural production systems, ammonia is emitted by volatilization of the nitrogen 
content: 

 In mineral and organic fertilizers 

 In excretions from animals while grazing or in buildings 

 In animal excretions during storage 

These emissions depend on the type of fertilizer applied or the type of excretion and on soil, 
climatic and microbiological conditions. 

b) Available models 

Several models were found in the literature: 
 CORPEN (2003) and CORPEN (2006) 

 MELODIE (Chardon et al, 2011) 

 Gac et al, 2006 

 STICS (Brisson et al, 1998) 

 ±ƻƭǘΩ!ƛǊ ό[Ŝ /ŀŘǊŜΣ нллпύ 

 Payraudeau et al, 2007 

 ecoinvent® V2 (Nemecek and Kägi, 2007) 

 EMEP/EEA, 2009 

 EMEP/CORINAIR, 2006 

 IPCC, 2006b 

 Yan et al, 2003b 

c) Models selected and sources of emissions 

Existing models were evaluated, taking account of the selection criteria (see B.2.4), and the 
following models were selected (Table 15). The models were selected mainly on the basis of 
(a) appropriate granularity and (b) international recognition. 
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Table 15: Models selected for each source of NH3 emissions 

Source of NH3 emissions Model selected 

Excretions in buildings and 
outdoor runs 

CORPEN 2006, 2003, 2001, 1999a and 1999b: for calculating 
the amount of nitrogen excreted by the animals 

EMEP/EEA 2009 Tier 2: for emission factors 

Storage of excreta EMEP/EEA 2009 Tier 2: for emission factors 

Organic fertilizers and 
excretion while grazing 

EMEP/EEA 2009 Tier 2 

Mineral fertili zers EMEP/CORINAIR 2006 Tier 2 

Thai rice Yan et al, 2003b 

 
EMEP/EEA (2009) and EMEP/CORINAIR (2006) proposed a mass flow rate approach to 
distinguish between the emissions for each source considered. 
The methodology proposed for rice is based on the IPCC method (2006b) which uses the 
emission factors specific to rice growing proposed by Yan et al (2003b). 

d) Calculating the livestock nitrogen excretion emissions 

A detailed description of the parameters for calculating the livestock nitrogen excretion 
emissions is given in Appendix D ς Datasheet 2. 
 
The model used to calculate the direct NH3 emissions was based on the nitrogen excreted by 
the animals. It was, therefore, necessary to estimate this parameter as precisely as possible. 
The most recent equations in CORPEN for each type of animal were used. These equations 
determine the amount of nitrogen excreted using mass balance. The amounts of nitrogen 
ingested are determined from the composition of the food rations distributed. The nitrogen 
fixed by the animals is based on the species and development stage. The models are given in 
Table 16. 

Table 16: Models used for livestock nitrogen excretion 

Type of animal Model used 

Dairy cows CORPEN 1999a 

Suckler beef, growing or fattening (suckler and dairy) CORPEN 2001 

Pigs CORPEN 2003 

Poultry CORPEN 2006 

Rabbits CORPEN 1999b 

 

B.3.5.3 Calculating the carbon dioxide (CO2) flows and emissions  

A detailed description of the parameters for models for calculating CO2 emissions is given in 
Appendix D ς Datasheet 3. 

a) Challenges and requirements 

Several processes in agricultural production systems result in CO2 emissions. 
 Liming and application of urea 
 Type of land use /  occupation and land management (Appendix E) 
 Processes that use fossil fuels for power (agricultural machinery, livestock buildings, 

greenhouses), see also B.2.4.5 
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The ILCD makes many recommendations regarding CO2 emissions: 
 Distinction between CO2 from fossil fuel emissions and biogenic CO2: i) to improve 

transparency and methodological flexibility; ii) as biogenic CO2 only comes into the 
GWP category during evaluation 

 Carbon assimilated by the plants in the data set as άResources from airέ 
 Changes in biomass and soil carbon stocks associated with land use change (LUC) or 

change in farming practices, inventoried as άCarbon dioxide (land transformationύέ 
 Use of the most recent IPCC method or a more appropriate methods if available to 

quantify changes in soil carbon stocks 
 

Another major challenge was taking account of soil carbon dynamics, mainly associated with 
LUC and changes in farming practices. However, as no satisfactory methods of taking 
account of these sources of emissions was found, these flows were not included in the data 
sets in the AGRIBALYSE® database. A working group was set up within the AGRIBALYSE® 
program to consider this matter. This led to the proposal of two methods for quantifying soil 
carbon flows. These two methods and their results are given in Appendix E. 

b) Available models 

Several models were found in the literature: 
 BPX 30-323 (AFNOR, 2011) 

 IPCC, 2006b 

 ecoinvent® v2 (Nemecek and Kägi, 2007) 

 PAS 2050 (Carbon Trust et al, 2008) 

 GGELS (JRC, 2010) 

 Arrouays et al, 2002 

 IDF, 2010 

c) Models selected and sources of emissions 

Existing models were evaluated, taking account of the aims of the AGRIBALYSE® program, 
see B.2.4, and the following models were selected (Table 17). 
 
Table 17: Models selected for each source of CO2  emissions 

Source of CO2 emissions Model selected 

Absorption by the plants ecoinvent® v2 (Nemecek and Kägi, 2007) 

Application of lime and liquid manure IPCC 2006b Tier 1 

 
The methods proposed by Vertregt and Penning de Vries (1987) and Nemecek and Kägi 
(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 CO2 emissions associated with the application of lime and liquid manure were 
determined using an emission factor, specific to each of the substances considered, applied 
to the amount applied. Liming was considered only for carrots, cider apples and alfalfa. 
 

B.3.5.4 Calculating trace metal emissions 

A detailed description of the parameters for calculating trace metal emissions is given in 
Appendix D ς Datasheet n°4. 
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a) Challenges and requirements 

The ILCD Handbook recommends taking account of the absorption of trace metals by the 
plants by setting up data sets for the various flows for each metal. It also recommends 
setting up data sets for the net accumulation of substances in the soil, in particular trace 
metals (see chapter 7.4.4.1 άModeling agro- and forestry systemsέ, JRC and IES 2010a). 

b) Available models 

Two data sources / models were identified: 
 A data source: Estimating average flows of trace metals (As, Cd, Cr, Cu, Hg, 

Mo, Ni, Pb, Se, Zn) to the soils based on the SOGREAH study (2007). 

 A flow calculation model: SALCA-SM/ecoinvent®: calculation of trace metal 

flows (Cd, Cu, Zn, Pb, Ni, Cr, Hg) based on mass balance (Freiermuth, 2006). 

c) Modifications 

SALCA-SM is a model for quantifying flows of trace metals affected by farming activities. It 
was modified to suit conditions in France using SOGREAH data, and the AGRIBALYSE® 
program developed άSALCA-ETM-Frέ. 

d) Models selected and sources of emissions 

The main source of emissions of trace metals is the agricultural plot. In accordance with JRC 
and IES 2010a, the following sources of emissions were identified (Table 18): 

 Emissions in surface water (due to soil loss) 

 Emissions by leaching 

 The mass balance: emissions to the soil 

 

Table 18: Models selected for each source of trace metal emissions 

Source of trace metal emissions Model selected 

Leaching: French crops {![/!π{a modified for 
conditions in France (Freiermuth, 
2006 et SOGREAH, 2007) 

Run-off and soil losses: French crops 

Accumulation in or losses from the soil: French crops 

Tropical crops Not considered (see B.2.4.1) 

 

e) Calculation of trace metal emissions by soil loss: calculation of the amount of soil lost 

Trace metal emissions by soil loss were calculated partly by the model for calculating the 
amount of soil lost. 
A detailed description of the parameters for calculating the amounts of soil lost is given in 
Appendix D ς Datasheet 5. 
 
Challenges and requirements 
The amount of soil lost was not a flow included in the AGRIBALYSE® LCI data sets. Soil loss 
was considered as a source of emissions of various substances contained in the soil lost 
which is an important parameter for calculating the flows of trace metals and losses of 
phosphorus due to erosion. 
JRC and IES (2010a) recommend treating the various substances lost in the soil as flows to 
ǘƘŜ άǎǳǊŦŀŎŜ ǿŀǘŜǊέ ŀƴŘ άŀƛǊέ ŎƻƳǇŀǊǘƳŜƴǘǎ (JRC and IES, 2010a). 
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Available models 
The following models were evaluated: 

 ecoinvent® v2 (Oberholzer et al, 2006) 

 Study of water erosion of soils in French soils (Le Bissonnais et al, 2002) 

 LANCA (Beck et al, 2008) 

 RUSLE (Foster, 2005) 

 
Model selected 
The RUSLE model was selected partly because it met the AGRIBALYSE® selection criteria and 
partly because its granularity was particularly suitable for the work carried out. 
 

B.3.5.5 Calculation of combustion gas emissions 

A detailed description of the parameters for calculating combustion gas emissions during 
farming activities is given in Appendix D ς Datasheet 6. 

a) Challenges and requirements 

A significant part of polluting emissions to the air comes from the fuel used by tractors and 
automotive machines (using diesel) or when burning fossil fuels for heating (eg. 
greenhouses). 

b) Models selected and sources of emissions 

The model proposed by ecoinvent® v2 (Nemecek and Kägi, 2007) was selected for fuel used 
for power and heating. For each type of substance, an emission factor was applied to the 
amount of fuel. The emissions associated with the power consumption in livestock buildings 
and for heating greenhouses was taken into account using existing LCI data sets. 
 

B.3.5.6 Calculating methane (CH4) emissions 

A detailed description of the parameters for CH4 emissions is given in Appendix D ς 
Datasheet 7. 

a) A) Challenges and requirements  

Emissions from enteric fermentation in ruminants are a major source of greenhouse gases 
accounting for 6% of emissions quantified in France in 2009 (CITEPA, 2011). They are, 
therefore, a key source, according to IPCC. It is recommended that they should be taken into 
account by methods above Tier 1. 
Methane emissions are also significant in the paddy fields in south east Asia. A Tier 2 
approach is recommended. 

b) Available models 

Two models were identified in the literature: 
 IPCC, 2006b 

 GESTIM (Gac et al, 2010) 

c) Models selected and sources of emissions 

These models were evaluated to determine whether they met the requirements of the 
AGRIBALYSE® program, see B.2.4, and the following were selected (Table 19). 
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Table 19: Models selected for each source of CH4 emissions 

Source of CH4 emissions  Model selected 

Emissions from enteric fermentation 
 Cattle 
 Sheep 
 Goats 
 Pigs 
 Poultry 

 
IPCC 2006b Tier 2 
IPCC 2006b Tier 2 
IPCC 2006b Tier 1 
IPCC 2006b Tier 1 
IPCC 2006b Tier 1 

Excretions in buildings and during storage IPCC 2006b Tier 2 

Excretions in grasslands and outdoor runs IPCC 2006b Tier 2 

Thai rice IPCC 2006b Tier 2 

 
For methane emissions from enteric fermentation, a specific emission factor was calculated 
based on the composition of the rations distributed to each type of animal. This was 
expressed in kg CH4 emitted/head/year. 
The emissions from excretions depend on the type of excretion produced and the systems 
for managing excretion in the livestock buildings, during storage and on grassland. 
The IPCC method calculates the emissions from rice growing using a basic emission factor 
that depends on: i) the watering system, ii) the type and quantity of organic matter applied 
and iii) the type of soil and the cultivar. 
 

B.3.5.7 Calculating nitrate emissions (NO3) 

A detailed description of the parameters for models for calculating NO3 emissions is given in 
Appendix D ς Datasheet 8. 

a) Challenges and requirements  

This flow was included in the AGRIBALYSE® program given the contribution of nitrate 
emissions to eutrophication. They also contribute to greenhouse gas emissions (indirect 
dinitrogen oxide emissions). 
 
Leaching affects the nitrogen received by a crop and takes place mainly during the draining 
period which follows the crop harvest. To estimate nitrogen leaching, this period was taken 
into account, although it is outside the assessment period defined for the plant LCI data sets 
(from the harvest of the previous crop to the harvest of the crop concerned, see chapter 
A.2.2.3). 
 

b) Available models 

Two types of model for estimating NO3 were found: 
Dynamic models and dynamic mass balances 

 DEAC (Cariolle, 2002, Cohan et al, 2011) and SALCA-N (Richner et al, 2006). These 
models require input data for the soil-climatic conditions and for farming practices. 

 Nitrogen + water balance 
 SQCB ς Sustainable quick check for biofuels (Faist et al, 2009) 

 
Fixed emission factor models 

 COMIFER table (2001) 
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 INRA table (Basset-Mens et al, 2007) 
 IPCC (2006b), Tier 1 

c) Models selected and sources of emissions 

None of the models covered the particular requirements of all the crops considered (annual, 
permanent, tropical) and so different models were selected to calculate the nitrate leaching 
depending on the type of crop. 
 
French annual crops 
Dynamic models gave a precise simulation of the emissions at plot scale depending on the 
farming practices and the conditions. However, using them required a considerable quantity 
of data, not always available from the data collected for the program, as well as considerable 
amount of work for parameterization which did not fit into the AGRIBALYSE® SCHEDULE. The 
INRA table was drawn up for a specific soil-climatic background and particular production 
systems. 
It was, therefore, decided to develop a new approach based on the COMIFER model, that 
could be applied to France. This was a simplified approach, set up by a group of recognized 
experts, for plot-scale analyses that could be used on larger scales (regions, etc). This 
method took account of the main factors determining leaching and also had the advantage 
that it would be ready for use within a short space of time. 
 
Orchards and grapevines, special French crops (including carrots and soilless crops) 
The SQCB model (Faist et al, 2009) was selected for orchards, grapevines and special French 
crops. For vineyards with grass cover, leaching was considered for only 50% of the field.  The 
effect of grass cover was not considered in orchards. 
 An exception was made for soilless crop production (shrubs, roses and tomatoes) with open 
or closed circuit fertigation: leaching was calculated on the basis of the waste water which 
was considered to be leached into the surface water or using a nutrition solution loss rate 
defined by expert opinion. 
 
Grassland 
Neither the modified COMIFER table (for annual crops) nor the SQCB model were able to 
meet the requirements for the various types of grassland (temporary, permanent, grazed 
grass). As the DEAC model was parameterized specifically for France and took account of the 
parameters for distinguishing between the different types of grassland, nitrate leaching from 
the grassland was calculated separately for the 17 grassland LCI data sets in AGRIBALYSE® 
using the DEAC model. 
 
Outdoor runs 
Estimates of nitrate losses from outdoor runs were based on Basset-Mens et al (2007). An 
emission factor of 17.5% of the nitrogen applied was used. This was applied to all outdoor 
runs, regardless of the type of animal. 
 
Tropical crops 
The IPCC (2006b) Tier 1 model was selected for tropical crops, given the lack of information 
required to implement other methods and to ensure methodological coherence between 
the different types of tropical crop. A specific model based on the nitrogen mass balance and 
water balance was selected for rice. 
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The models selected are given in Table 20. 

Table 20: Models selected for each source of NO3  emissions 

Source of NO3 emissions Model selected 

Annual French crops COMIFER 2001 adjusted (Tailleur et al, 2012) 

Special French crops SQCB (Faist et al, 2009) 

Special soilless crops This report: Based on waste water /  water losses 

Grassland This report: DEAC  

Tropical crops (clementines, coffee) IPCC 2006b Tier 1 

Thai rice This report: Based on water balance 

Livestock production: Outdoor runs Basset-Mens et al, 2007 

d) Modifications 

The COMIFER (2001) ǘŀƪŜǎ ŀŎŎƻǳƴǘ ƻŦ ŀ άŎǊƻǇέ Ǌƛǎƪ (depending on the period able to absorb 
nitrogen without plant cover, the amount of nitrogen released by crop residues, the nitrogen 
absorption capacity of the following crop in the fall and the application of organic fertilizers 
in the fall) ŀƴŘ ŀ άŎƻƴŘƛǘƛƻƴέ Ǌƛǎƪ (depending on the quantity of water percolating through 
the soil (CORPEN, 1991) and the mineralization conditions). However, it did not originally 
take account of the quantity of fertilizer applied to the crop with respect to its nutritional 
requirements before the leaching period. This parameter was modified and added. An 
amount of nitrate leached was associated with each risk of leaching level based on 
experimental data or, when the experimental data was insufficient, estimated from the 
DEAC model (Cariolle, 2002; Jolivel, 2003). 
 

B.3.5.8 Land occupation and transformation 

A detailed description of the parameters for models for calculating land occupation and 
transformation is given in Appendix D ς Datasheet 9. 

a) Challenges and requirements  

For LCA, land use, covers land occupation and land transformation from the point of view of 
economic competition of activities requiring land area. Land occupation is independent of 
ŎƘŀƴƎŜǎ ƛƴ ǎƻƛƭ ŎŀǊōƻƴ ǎǘƻŎƪǎΦ Lǘ ƛǎ ŎƻƴŎŜǊƴŜŘ ƻƴƭȅ ǿƛǘƘ ǇƻǎǎƛōƭŜ άƭƻǎǎέ ƻŦ ƭŀƴŘ ŀǎ ŀ ǊŜǎƻǳǊŎŜ. 
A distinction is drawn between: 

 Land occupation: the land is maintained in an unnatural state because of the way the 
land is used (Frischknecht et al, 2007). 

 Land transformation: the changeover from one type of land occupation to another 
(Frischknecht et al, 2007). 

b) Models selected and sources of emissions 

The models selected for calculating this parameter are given in Table 21. 
Table 21: Models selected for land occupation and land transformation 

Type of resource consumption Model selected 

Land occupation  ecoinvent® v2 (Frischknecht et al, 2007) 

Land transformation ecoinvent® v2 (Frischknecht et al, 2007) 
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B.3.5.9 Calculating nitr ic oxide emissions (NO) 

A detailed description of the parameters for calculating nitric oxide emissions is given in 
Appendix D ς Datasheet 10. 

a) Challenges and requirements  

Nitrogen oxides are produced during the denitrification processes. In farming these 
emissions can increase significantly owing to the application of nitrogen in the form of 
mineral and organic fertilizers from animal excretion. 

b) Available models 

Several models were identified in the literature: 
 ecoinvent® v2 (Nemecek and Kägi, 2007) 
 GESTIM (Gac et al, 2010) 
 EMEP/EEA, 2009 
 IPCC, 2006b 
 MELODIE (Chardon et al, 2011) 
 Yan et al, 2003b 

c) Models selected and sources of emissions 

The models selected are given in Table 22. 
Table 22: Models selected for each source of NO emissions 

Source of NO emissions Model selected 

Excretion in livestock building  EMEP/EEA 2009, Tier 1 

Excretion during storage EMEP/EEA 2009, Tier 1 

Mineral and organic fertilization EMEP/EEA 2009, Tier 1 

Thai rice Yan et al, 2003b 

 
Emissions from animal excretion in buildings and during storage depend on: i) the type of 
animal and the type of effluent; ii) the number of animals and iii) the length of time they are 
present. 
A single emission factor was used for mineral and organic fertilizers, regardless of the type of 
product. 

B.3.5.10 Calculating phosphorus emissions (P/PO4) 

A detailed description of the parameters for models for calculating phosphorus emissions is 
given in Appendix D ς Datasheet n°11. 

a) Challenges and requirements  

Given the importance of phosphorus in eutrophication, this flow was included in the 
AGRIBALYSE® LCI data sets. Phosphorus emissions are mainly flows (owing to fertilization) to 
άǎǳǊŦŀŎŜ ǿŀǘŜǊέ ŀƴŘ άŀǉǳƛŦŜǊΩ compartments. 

b) Available models 

The models were identified in the literature: 
 SALCA-P/ecoinvent®: Method applied for calculating phosphorus emissions in 

the ecoinvent® LCIA documented in Nemecek and Kägi (2007) and Prasuhn et 

al (2006). 
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 Application of fixed factors (eg. 0.69% of P applied), from experimental 

results in several French drainage basins (Castillon and Lesouder, 2010). 

 ECODEFI: A methodological approach based on the results of the ECODEFI 

project which focused on runoff (Pradel et al, 2011) 

c) Models selected and sources of emissions 

Few projects have been undertaken in France on a scale as large as that in the AGRIBALYSE® 

program (Thomas NESME, ENITA Bordeaux, personal communication 2011). The ECODEFI 

ǇǊƻƧŜŎǘ ŀƴŘ άŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŦƛȄŜŘ ŦŀŎǘƻǊǎέ ǿŜǊŜ ōŀǎŜŘ ƻƴ CǊŜƴŎƘ ŘŀǘŀΦ IƻǿŜǾŜǊΣ ǘƘŜȅ ǿŜǊŜ 

not selected as they were considered too specific. The SALCA-P model was selected because 

it had a more generic scope and was valid for all the sources of emissions, for major crops as 

well as for grassland. It should, however, be noted that it was validated for Switzerland and 

not for France. The following sources of emissions are given in Table 23. 

 

Table 23: Models selected for each source of phosphorus emissions 

Source of phosphorus emissions Model selected 

Emissions by leaching 

SALCA-P (Nemecek and Kägi, 2007 and 
Prasuhn et al, 2006) 

Emissions by run-off 

Emissions from soil loss 

Tropical crops (clementines, coffee) 

Thai rice This report: based on water balance 

Special soilless crops This report: based on waste water / water 
losses 

Emissions from storage of manure Not considered 
 

d) Modifications 

The phosphorus content of organic manure and sludge was adjusted for French conditions. 

The following three parameters could not be modified as there was a lack of available data 

(Appendix D, datasheet 11): 

 Average quantities of phosphorus lost by leaching 

 Average quantities of phosphorus lost by runoff 

 Average phosphorus soil content  

 

Default values from SALCA-P models were used for these parameters. 

e) Calculating phosphorus emissions by soil loss: calculating the amount of soil lost 

The calculations for phosphorus emissions due to soil loss were based on the model for 
calculating the amount of soil lost (see B.2.4.4.e). 
 

B.3.5.11 Calculating pesticide emissions 

A detailed description of the parameters for models for calculating pesticide emissions is 
given in Appendix D ς Datasheet 12. 
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a) Challenges and requirements  

Apart from its initial aim, to protect plants against harmful organisms, the application of 
pesticides causes emissions of active substances to the water, air and soil compartments 
with the risk of toxicity for organisms not targeted by these products. 

b) Available models 

The following five models were studied: 
 Audsley et al (2003), who proposed dividing pesticide emissions between soil 

(88.4%), crop (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 , canopy, vapor pressure, etc. 

 ecoinvent® v2.0 (Nemecek and Kägi, 2007), according to which 100% of 

pesticides applied are emitted into the soil compartment  

 EMEP (EMEP/EEA, 2009), part 4G ς tier I - which proposed five emission 

factors into the air compartment, depending on the saturated vapor pressure 

of the active substance (between 1% and 95%) 

 PestLCI 1.1 (Birkved and Hauschild, 2003) who calculated the emissions and 

their fate on the basis of the time lapsed since the application, using a 

dynamic model which requires considerable input data 

c) Modification 

None of the models identified was considered appropriate for the purposes of AGRIBALYSE®. 

Work began on the development of a simplified approach which took account of two 

parameters (vapor pressure and canopy). After discussion with an expert (P. Roux, IRSTEA), 

this was abandoned because it could not cover several types 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 producing LCA. Direct 
emissions from the application of pesticides are potential maximum emissions. In the 
absence of reliable data, the assumption ά100% ǘƻ ǘƘŜ ǎƻƛƭέ was also applied for growing 
crops under cover (eg. plastic film, in greenhouses or tunnels) and even for soilless crops. 
An exception was 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 soil compartments. 

d) Models selected and sources of emissions 

The models selected are given in Table 24. 
 
Table 24: Models selected for sources of pesticide emissions 

Source of pesticide emissions Model selected 

All crops (except rice) ecoinvent® v2 (Nemecek and Kägi, 2007) 

Thai rice This report (50% soil/50% water) 

Soilless crops or crops grown under plastic 
film 

ecoinvent® v2 (Nemecek and Kägi, 2007) 
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B.3.5.12 Calculating dinitrogen oxide emissions (N2O) 

The emissions of N2O from agriculture are mainly due to the use of mineral and organic 
nitrogen amendments and the management of manure and slurry. The N2O emitted comes 
from the nitrification - denitrification process and is a major contributor to global warming. A 
detailed description of the parameters for models for calculating N2O emissions is given in 
Appendix D ς Datasheet 13. 

a) A) Challenges and requirements  

In farming, N2O emissions mainly come from mineral and organic fertilizers and 
management of animal excretions. 

b) Available models 

Several models were identified in the literature: 
 CORPEN (2003) and CORPEN (2006) 

 MELODIE (Chardon et al, 2011) 

 Nemecek and Kägi, 2007 

 EMEP/EEA, 2009 

 IPCC, 2006b 

 Daum and Schenck, 1996 

c) Models selected and sources of emissions 

The model selected for dinitrogen oxide emissions was that proposed by IPCC (2006b) which 
is internationally recognized by scientists. When Tier 2 emission factors were available they 
were used but, for several cases, Tier 1 had to be used. 
 
The models and sources of emissions for calculating N2O emissions are given in Table 25. 
 
Table 25: Models selected for each source of N2O emissions 

Source of N2O emissions Model selected 

Arable / horticultural production 
(agricultural soils) 

IPCC 2006b, Tier 1 (for emission factors)1) 

Special French crops IPCC 2006b, Tier 1 (for emission factors)1) 

Tropical crops (clementines, 
coffee) 

IPCC 2006b, Tier 1 

Thai rice IPCC 2006b, Tier 2 based on Yan et al, 2003b 

Grazing IPCC 2006b, Tier 1 

Excretions in buildings/storage CORPEN 2006, 2003, 2001, 1999a and 1999b: for 
calculating the amount of nitrogen excreted by the 
animals 

IPCC 2006b, Tier 2 for emission factors (and the 
fraction leached):  

Excretions in outdoor runs IPCC 2006b, Tier 2 for emission factors (and the 
fraction leached) 

1) Indirect N2O emissions were not calculated using the default leached and volatilized fractions in IPCC but by 
calculating the quantities leached and volatilized using nitrate and ammonia models. 
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Daum and Schenck (1996) analyzed the volatilization of N2O for soilless crops. As the 
emission factor they proposed was close to that of IPCC (2006b) and it has large 
uncertainties, the N2O flow estimation method used for agricultural soils was finally 
selected. 

B.3.5.13 Water usage 

For producing an LCA, water has until now been considered as a potential receptor of 
polluting emissions. The quality of the water is taken into account, in particular with 
categories of impact on eutrophication, acidification and ecotoxicity. 
However, water has not as yet been taken into account as a resource. Recent 
methodological developments are able to take account of the impact of water consumption. 
A bibliographic study carried out by CIRAD identified the method developed by Pfister et al 
(2009) as currently the most efficient (Appendix F). 
The data required to implement this method is the amount of water consumed by the 
production processes. However, as this information was not available from the various data 
sets used for the AGRIBALYSE® product inventory, the method developed by Pfister et al 
(2009) could not be used. 

B.3.5.14 Calculating emissions of phosphorus , nitrogen and total suspended solids from fish 

farms 

A detailed description of the parameters for calculating N, P and TSS emissions from fish 
farms is given in Appendix D ς Datasheet 14. 

a) Challenges and requirements  

Given the special nature of the farming methods, fish farms have a potentially significant 
impact on the environment, in particular for eutrophication. A more accurate estimate is, 
therefore, required of the TTS, nitrogen and phosphorus emissions in dissolved and 
particulate form, using specific models. 

b) Models selected and sources of emissions 

Models of phosphorus, nitrogen and TSS emissions have been developed specifically for 
French fish farms (Papatryphon et al, 2005). The models selected for calculating this 
parameter are given in Table 26. 

Table 26: Models selected for each substance emitted by fish farms 

Source of emissions Model selected 

Nitrogen 

Papatryphon et al, 2005 Phosphorus  

Total suspended solids (TSS) 

The model selected is based on the principle of a balance between inputs and outputs 
required a knowledge of the composition of the food rations distributed to the fish, the 
composition of the fish (the trace elements in each tissue) and the quantity of undigested 
nutrients. 
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B.4 Allocation of flows and emissions 

B.4.1 Allocation of shared inputs: infrastructure 

The infrastructure requirements for farming were taken into account by allocating the 
impacts of the infrastructure pro rata for the operation time (for arable / horticultural 
agricultural processes) or pro rata for the time the area required is occupied (for buildings). 
The operation time covers the time required to do the work and the preparation. This is a 
standard approach for agricultural product LCAs (Nemecek and Kägi, 2007; Gac et al, 2010). 

B.4.2 Allocation to co-products 

AGRIBALYSE® is limited to agricultural production. With the exception of certain processes 
carried out on the farm (eg: haylage, silage, etc), ǇǊƻŎŜǎǎƛƴƎ άƻƴ ǘƘŜ ŦŀǊƳέ ŀƴŘ άpost farmέ is 
not considered. Co-products such as press cake, from post farm processing, are not within 
the scope of AGRIBALYSE®. Certain co-products were, however, evaluated using existing 
studies for the whole of the processing stage but only where the co-products were used for 
animal feed (Appendix L). 

B.4.2.1 Definition  ƻŦ άco-productέ 

Agricultural production systems are often used for several purposes and a single production 
system may provide several co-products. ¢ƘŜ άƳŀƛƴ ǇǊƻŘǳŎǘέ ƛǎ ŘŜŦƛƴŜŘ ƛƴ AGRIBALYSE® as 
the output from the main production of the system considered. All other outputs produced 
by the system were defined as co-products. 

B.4.2.2 Principles and choices 

a) Basic rule 

As a general rule, AGRIBALYSE® complies with international standards. Whatever the 
allocation rule selected, it must apply equally to the main product and to co-products. In all 
cases, the allocation procedure is described in detail. 

b) Hierarchy 

The allocation rules are based on the recommendations in the interpretation note (guide de 
lecture) for the methodology appendix of the BPX 30-323 manual (AFNOR, 2011). In 
accordance with ISO 14044 (ISO, 2006b), in AGRIBALYSE® the following general hierarchy is 
used for the allocation methods: 

 Option 1: Wherever possible, allocation should be avoided by: 

V dividing the unit process to be allocated into two or more subprocesses and 

collecting the input and output data related to these sub-processes, or 

V By expanding the product system to include the additional functions related 

to the co-products, taking into account of the requirements of 4.2.3.3 of ISO 

14044 (ISO, 2006b). This is not an option for attributional LCI databases such 

as AGRIBALYSE®. 

 Option 2. Physical 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 outputs are changed by quantitative changes in the products or 

functions delivered by the system. 

 Option 3. Economic allocation. The economic value of the co-products (eg. the 

market value) represents the production goal. This allocation method is commonly 

used in 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 

though the production system remains the same. 

 To overcome this problem, the values are smoothed over 5 years excluding the 

highest and lowest values (Olympic average). This method gives the value of a 

product and how the market value changes excluding major price swings. 
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c) AGRIBALYSE® products / co-products  

Table 27 gives an overview of the products /  co-products for each product type and the 
methods for allocating the flows between product and co-products. These methods are 
described in the following chapters (B.3.2.3 to B.3.2.5). 
 
Table 27: Products / co-products generated in AGRIBALYSE® ς Method selected for handling 
co-products 

 Product type 
Product / Co-

product 

Method selected 
for handling co-

products 

Arable / horticultural 

Cereals / protein 
crops 

Grain 
straw 

Economic 

Carrots Marketable carrots 
Waste 

100% 
Not considered 

Orchards / Grapevines Fruit 
Prunings 

100% 
Not considered 

Grassland Grazed grass 
Hay 

Weight 

Clementines Clementines, export 
Clementines, local 

Economic 

Coffee Green coffee seed 
(main product) 
Pulp (composted on 
plantation) 

Economic 
96% 
4%  

Livestock 

Suckling beef Young bulls / heifers 
Cull cows 

Bio-physical 

Dairy cattle Milk 
Cull cows 
Calves 

Bio-physical 

Sheep (meat) Lambs 
Wool 
Cull sheep 

Bio-physical 

Sheep (milk) Milk 
Lambs 
Wool 
Cull sheep 

Bio-physical 

Goats (milk) Milk 
Cull goats 

Bio-physical 

Layers Eggs 
Cull poultry 

Bio-physical 

Pigs Pork 
Cull sows 

Bio-physical 
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B.4.2.3 French crops 

a) Grain / straw (cereals, protein crops) 

It was decided to use economic allocation for straw as a co-product of grain. However, as the 
straw market is currently not very structured, the data on the economic value of this co-
product is not very reliable. Consequently, no value was allocated to the straw and 100% of 
the impact was allocated to the grain. 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 more reliable, 
representative data may become available. Selecting economic allocation makes it possible 
to take account of this data in an update to the AGRIBALYSE® database. 

b) Marketable carrots ς Carrot waste 

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

c) Peaches/nectarines, apples / cider apples ς wood; grapes for wine - wood 

As the wood and prunings from orchards are usually burned in the field, the wood is not 
considered as a co-product leaving the field and so no allocation is required. 
As for carrots, the yield from apples includes second grade apples for industrial processing. 

d) Grass for hay / silage and grazed grass 

The grassland LCI data sets include five LCI data sets for grass grazed by cattle and twelve cut 
grass LCI data sets with both cutting and grazing. Some of the grass is stored (hay, haylage, 
silage) and considered to be the main product of the LCI. The other part is grazed for the 
period of the inventory and considered as a co-product. Mass allocation was used for the 
flows related to pasture seeding and fertilizing, on the basis that the protein and energy 
content of the grass was roughly the same whether the grass was grazed or harvested to be 
preserved. Flows due to harvesting were fully allocated to stored grass.¢ƘŜ άƎǊŀȊŜŘ ƎǊŀǎǎέ 
co-products were not included in the AGRIBALYSE® database as there were five LCI data sets 
for full grazing (cattle) and no use of these co-product data sets was envisaged. 
 

B.4.2.4 Tropical crops 

a) Export grade clementines ς Local market grade clementines  

Economic allocation was used between local market grade clementines and export grade 
clementines. 
Wood from prunings in Moroccan clementine orchards was not considered as a co-product 
leaving the plot. This wood was generally shredded and spread on the ground between rows 
and so no allocation was required. 

b) Coffee ς 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 allocated to it. 
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B.4.2.5 Livestock production 

For livestock production, the impacts were allocated to the related products ǳǎƛƴƎ ŀ άōƛƻ-
ǇƘȅǎƛŎŀƭέ ƳƻŘŜƭ (Figure 14). Initially, allocation was avoided by dividing the process into 
several unit processes, breaking the life of the animal down into characteristic development 
stages. For certain stages, there were always several products, and so an allocation had to 
be made, for example for the milk production phase for cattle. An allocation for milk/calves 
had to be made. This was done pro rata for the energy required for the various physiological 
functions of the animal and to produce the product and co-products. Five functions were 
defined: maintenance, activity, growth, lactation and gestation. LCI « Animal of 0 day » (ex : 
άCalf of 0 dayέ) correspond to phases required to build «  young animals for meat  » LCIs and 
replacing animals. ¢ƘŜǎŜ [/L{ ŀǊŜ ƴƻǘ Ŧƛƴŀƭ ǇǊƻŘǳŎǘ ŀǘ ŦŀǊƳ ƎŀǘŜ όǳƴƭƛƪŜ ά/ŀƭŦΣ ŎƻƴǾŜƴǘƛƻƴŀƭ 
ώΧϐκCwέύ ŀƴŘ ŎŀƴΩǘ ōŜ ǳǎŜŘ ŀǎ ǎǳŎƘ. 

 

 

Figure 14: Allocation of impacts to co-productǎ ǳǎƛƴƎ ŀ άōƛƻ-ǇƘȅǎƛŎŀƭέ ƳƻŘŜƭ ŦƻǊ ŀ ŘŀƛǊȅ ŦŀǊƳΥ 
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 calves. The impacts between 
milk and calves are allocated pro rata to the energy required to produce these two products. 

Appendix M gives the allocation factors used in AGRIBALYSE®. 

Cull cow 

Environmental impacts 

Environmental 
impacts 

Milk Calf 

Milk 

Calf 

Å Lactation (Maintenance + Activity) * (1-(Gestation/ Lactation) 

Å Gestation (Maintenance + Activity) * (Gestation/ Lactation) 

Calf birth - 
weaning 

Replacement 
heifer weaning ς 

1 year 

Replacement 
heifer ς 1 - 2 

years 

Replacement 
heifer ς over 2 

years 

Cull cow at end 
of life 

Dairy cow in full 
production 

Environmental 
impacts 
























































































































































































































































































































































































































































































































