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INTRODUCTION 

Due to a growing world population and an endangered environment, we have to reduce the pressure 

exerted by humans on global resources. The quantity of food consumed and the way it is produced are 

key issues. This is a major challenge for societies, agriculture and more particularly livestock farming 

systems. Bender (1992) estimates that an average of 7 plant kcal is required to produce 1 kcal of animal 

products. Delaby et al (2014) estimate that 2.5 to 10 kg of vegetable protein is needed to produce 1 kg 

of animal protein. However, vegetable proteins consumed by livestock are not always edible by 

humans. Among livestock farming systems, ruminant-based systems have the advantage of using 

resources non edible by humans and converting these into high quality human food (Wilkinson, 2011).  

The objective of SustainBeef is to identify production methods that reduce feed/food competition in 

beef production systems while estimating their impacts on the overall sustainability of the farm 

through bio-economic simulations.  

Many methods for assessing the sustainability of agricultural farms already exist, such as the IDEA 

method (Vilain, 2008), TREE (Pervanchon, 2004) or DIAMOND (Litt et al., 2012). However, these are 

not adapted to the data from simulations and do not include indicators dealing with food safety or 

more particularly feed/food competition. There is indeed no consensus around this type of indicator, 

which is emerging in the literature and not yet widely applied (Laisse et al., 2019; Wilkinson, 2011). 

Thus, the main subject of this study is to establish a method for assessing the sustainability of European 

beef cattle systems based on different criteria, including feed/food competition, and adapted to the 

available data from bio-economic simulations.  

 

2 Specification of the evaluation method 
The first step in creating a new evaluation method is to explicit its specifications. It consists in i) setting 

the goal of the evaluation, ii) defining the system and scale, iii) discussing the strategy and the available 

data and iv) agreeing on the role of each partner. These points have been presented, discussed and 

validated with at least one representative of each partner on the 23rd of March 2018.  

The purpose of the evaluation is to test the effectiveness of innovations in reducing feed/food 

competition while maintaining the sustainability of beef production systems. The aim is therefore to 

compare the sustainability of each farm-types before and after innovation. The concept of sustainable 

development was born in 1951 on both the economic and environmental pillars. It was in 1987 that 

the World Commission on Environment and Development (WCED) proposed a first definition of 

sustainable development as development that "must satisfy the needs of the present without 

compromising the ability of future generations to satisfy their own needs" (WCED, 1987). This 

definition was extended to the three pillars at the Rio Earth Summit in 1992, when development must 

be economically viable, socially equitable and environmentally friendly. Thus, we will define 

sustainability as: the sustainability of a model, its condition and its ability to persist over time on the 

three pillars: environmental, economic and social. 

The method should be applicable to the farm types analyzed in SustainBeef. These farm types 

include: specialized breeders, specialized fatteners, fattening breeders, dairy systems with or without 

fattening of dairy calves, mixed dairy-suckler cow systems as well as mix crop-livestock systems in the 

socio-economic, soil and climatic contexts in the countries of the project partners. These innovations 
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will be applied to the farm types before and after the implementation of innovations. The evaluation 

method must therefore be sensitive to a change in practice induced by the innovation tested. 

The scale of the assessment chosen is the farm as a whole. However, this scale can be adjusted 

according to the indicators in order to remain relevant. Indeed, the farm's inputs and outputs are taken 

into consideration (Figure 1). However, for some indicators, it will be more relevant to work at beef 

meat production scale. In this specific case, all feed consumed by the animals will be taken into 

consideration, whether purchased or produced on the farm. 

 

 

Figure 1: The different scales used for the multi-criteria evaluation method  

 : limit of the evaluation 

By adapting different evaluation methods to our question, we’ll build a model (or evaluation tree) to 

assess the sustainability of the selected farm-types. The strategy to build this evaluation tree is first to 

carry out bibliographic research. Existing methods are not always agreed upon (Barbier et al., 2010). 

Thus the evaluation method is based on different existing methods, including SAMAP (Terrier, 2009), 

SAFA (FAO, 2013b.), IBEA (IBEA, 2013), Sustainable Agriculture Network (Sustainable Agriculture 

Network, 2016), IDEA (Vilain, 2008), EcoAlim (Wilfart et al., 2016), and is adapted to the project by 

including the feed/food competition dimension.  

The data used to calculate the indicators should be based on objective data and not on subjective data 

from expert’s opinion, as could be the case when conducting field surveys on farms. Regarding the role 

of each partner, it was agreed that the creators of the method are the people involved in WP2 and the 

non-project experts consulted.  
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3 Building the evaluation tree 

3.1 Organization of the evaluation tree.  
The three main branches of the evaluation tree are the three pillars of sustainability (1st hierarchical 

level) environmental, economic and social (ENV, ECO and SOC respectively). Each pillar is divided into 

smaller branches called ‘components’ (2nd level), themselves subdivided into smaller branches called 

‘criteria’ (3rd level) and ‘sub-criteria’ (4th level) that define them. The calculated data at the end of a 

branch is called an ‘indicator’ (5th and last level). An indicator is the synthesis or simplification of data 

deemed relevant to report the impacts of a practice. Causal indicators report on practices and effect 

indicators report on impacts.   

The environmental, economic and social pillars are rated. Each component is named by a letter (e.g.: 

(X)), each criterion is named by the letter of its parent component followed by its own letter (e.g.: 

(X.Y)), each sub-criterion is named by the code of its parent criterion followed by its own letter (e.g.: 

(X.Y.Z)). And finally, each indicator is named by the code of its parent sub-criterion followed by a 

number (e. g. (X.Y.Z.1)). In the case where the parent of the indicator is a component, its code is 

reduced to one letter and one number (e. g.: (D.1)). Similarly, if the parent of the indicator is a criterion, 

its code is reduced to two letters and a number (e. g. (A.B.1)). 

 

 

Figure 1 : Hiérarchie et nomenclature de l'arbre d'évaluation 

 

3.2 Functional units  
The functional unit is a measure of the function of the studied system and it provides a reference to 

which the inputs and outputs can be related. The functional units should be precise and common to 

the different case studies to enable comparisons. Three functional units are considered: meat carcass, 

Human Edible protein (HEP) and Energy (HEE) produced at farm level and the utilized arable area.  

3.2.1 Meat carcass  
The main function of beef production studied in Sustainbeef is the provision of food. The first relevant 

functional unit is thus the kg of beef carcass sold.  

Pillar
(ENV), (ECO) 

ou (SOC)

Componant(X) Criteria (X.Y)
Sub-Criteria 

(X.Y.Z)

Indicator 
(X.Y.Z.1)

Indicator  
(X.Y.Z.2)

Componant 
(A)

Criteria (A.B)
Indicator  

(A.B.1)

Criteria (A.C)
Indicator 

(A.C.1)

Componant 
(D)

Indicator  
(D.1)



 

 
6 

The calculation of quantity of beef produced on the farm is as follows: 

𝑏𝑒𝑒𝑓_𝑐𝑎𝑟𝑐𝑎𝑠𝑠 (𝑘𝑔)

= ∑ (( 𝐴𝑛𝑖𝑚𝑎𝑙𝑆𝑜𝑙𝑑𝑖 − 𝐴𝑛𝑖𝑚𝑎𝑙𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑𝑖(ℎ𝑒𝑎𝑑))
𝑛

𝑖=1

× 𝐴𝑛𝑖𝑚𝑎𝑙𝐿𝑖𝑣𝑒𝑤𝑒𝑖𝑔ℎ𝑡𝑖(𝑘𝑔) × 𝑐𝑎𝑟𝑐𝑎𝑠𝑠 𝑦𝑖𝑒𝑙𝑑 𝑖 (%) ) 

Where:  

- i = the different type of animals taken into account (young bulls, culled cows, weanlings etc.)  

 

For animals that are not sold to the slaughterhouse but to another farm where they will be fattened, 

the carcass yield is approximated. Appendix, table 3 provides carcass yield values for weanlings. Ideally, 

a joint analysis of the production of the two farms (breeding farm and fattening farm) should be 

performed.   

3.3 Human Edible Protein (HEP) and Human Edible Energy (HEE) produced at 

farm level 
The Sustainbeef project has a broader objective of analyzing the contribution of beef to food 

production. The whole food production has to be considered. It is not meaningful to add kg of animal 

products with kg of crop products since they are not equivalent in terms of human nutrition. 

Nutritional characteristics of the feeds, such as proteins, energy, acido-aminos, vitamins etc are 

common values that can be used to aggregate the different farm products. Here only the production 

of human edible proteins / energy in both animal products and vegetables will be consider in the 

calculation. To evaluate the contribution of farms to food production, we have to dissociate the feed 

edible by humans from the feed non edible by humans (Ertl et al., 2015; Laisse et al., 2019; Wilkinson, 

2011). In the same way we dissociate edible animal products from non edible animal products (such 

as hide, bones, non-edible offal...) .  

The calculation of the total quantity of food protein and energy produced by each farm that was edible 

by humans took into account all agricultural production on the farm (beef but also milk, cereals, etc., 

Table 1). For each animal product, the share of human edible protein and the share of human edible 

energy are defined as a percentage of the gross protein or gross energy of the agricultural product 

according to Laisse et al. (2019). For meat, these values depend on carcass yield, which varies according 

to breed and category of cattle (Table 2). In the case where animals are not sold directly to be 

slaughtered, but to other farms where they will be finished, they were treated as if they had been 

slaughtered. Regardless of the animal, 1 kg of bovine human edible meat is composed of 158 g of Gross 

Protein (GP) and contains 10.9 Mj of Gross Energy (GE) (Laisse et al., 2018). For cow's milk produced, 

it was assumed that it is 98% human edible which gives an identical share of human edible energy and 

protein of 0.98. The average GP content of 32 g.l-1, and GE of 2.6 Mj.l-1 of milk are assumed. For plant 

products, Table 3 gives the shares of human edible protein (SHEPV) and energy (SHEEV) (in % of gross 

protein and energy). The average composition for each type of concentrate (cow concentrates, 

weanling concentrates, finishing concentrates, etc.) was estimated (appendix 2), which made it 

possible to establish their human edible protein and energy contents in the same way as for other 

feeds. 
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Table 1: Method for calculating human edible protein and energy contained in meat, milk and cereals 

sold.  

Animal or 

vegetable 

product 

Calculation method 

Meat and milk 

HEP produced = animal product * GP *SHEPA 

HEE produced = animal product * GE* SHEEA  

Crops sold and 

feed 

HEP produced or consumed = feed or crops sold * GP * SHEPV 

HEE produced or consumed = feed or crops sold * GE * SHEEV 

Notes: HEP: Human Edible Protein and HEE: Human Edible Energy, Animal product in kg of live-weight 
(kg of meat sold minus the kg of meat purchased) and kg of milk. Feed and crops in kg of Dry Matter 
(DM), GP gross protein and GE gross energy in kg of protein or 106J.kg-1 of crop DM, human edible 
animal live-weight or milk); SHEPA (%) and SEEP(%) : Share of HEP and HEE in animal products, 
SHEPV(%) and SHEEV(%): Share of HEP and HEE in vegetable products.  

 

Table 2: Share of human edible protein (SHEPV) and energy (SHEEV), gross protein (GP) and gross 

energy (GE) contained in each plant-based raw material used in animal feed and land competition 

of these crops. 

Crops sold and feed 
SHEPV 

% a 
SHEEV 
% a 

Gross protein 
(g.kg-1 DM) b 

Gross energy 
(106j.kg-1 
DM) b 

Land 
competition 
(m².kg-1  DM) c 

Wheat 66 67 126 18.3 1.33 
Barley 61 63 112 18.4 1.48 
Moist grain maize 15 63 92 18.6 1.04 
Oats 84 79 108 19.5 2.08 
Triticale 66 68 115 18.1 1.84 
Rape 0 57 202 29.1 3.12 
Soya meal from Brazil 60 38 526 19.8 1.51 
Rapeseed meal 0 0 336 21.5 1.21 
Dehydrated beet pulp 0 0 89 17.1 0.55 
Pressed beet pulp 0 0 120 12.8 0.15 
Beet molasses 0 0 142 15.5 0.26 
Whole cow's milk powder for calves 30 30 254 23.3 1.38 
Corn silage 10 32 78 18.8 0.89 
Sorghum silage 57 43 59 18.4 1.17 
Weanling concentrate  33 45 165 18.3 1.12 
Cow concentrate  21 37 226 19.1 1.03 
Finishing concentrate  29 41 193 18.9 1.2 
Veal concentrate 30 44 197 18.8 1.06 
Purchased grass-based forage Non edible by human 1.43 

Sources: a Laisse et al 2018, b Inra 2018. c ECOALIM (Wilfart et al., 2016) and AGRIBALYSE ® (Colomb et 
al., 2015) excepted for grass for which an average production of 7 ton of DM.ha-1 was assumed; DM: 
Dry Matter.  

Table 3: Carcass yield and Share of Human Edible Protein (SHEPA) and Energy (SHEEA) values for each 

category and breed of cattle in the study. 
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Animal 
category 

Breed 
  

Carcass yield  
(kg of Carcass. kg-1 
of  live-weight.100) 

SHEPA  
(Kg of HEP. kg-1  of 
protein) 

SHEEA  
(J of HEE. J-1  
of energy) 

Cow 

Holstein 45.5 0.520 0.300 
Montbéliarde 47.0 0.530 0.305 
Salers or Aubrac 51.0 0.560 0.315 
Charolaise 52.5 0.570 0.320 
Aubrac 53.0 0.570 0.320 
Limousine 54.5 0.585 0.325 
Blanc Bleu Belge 61.5 0.635 0.345 

Heifer 

Holstein 47.0 0.530 0.305 
Charolais x Salers 54.0 0.580 0.325 
Limousine 55.5 0.590 0.330 
Blanc Bleu Belge 64.5 0.655 0.355 

Young bull 

Holstein 52.5 0.570 0.320 
Simmental 57.0 0.600 0.335 
Charolais 58.0 0.610 0.335 
Charolais x Salers 59.0 0.615 0.340 
Blanc Bleu Belge 64.5 0.655 0.355 

Bull 
Salers or Aubrac 54.0 0.580 0.325 
Charolais 57.0 0.600 0.335 
Limousin 58.0 0.610 0.335 

Notes: HEP: Human Edible Protein and HEE: Human Edible Energy; see appendix 1 for the calculation 

 

Other functional units are also relevant with other dimensions of the sustainability. For the territory, 

the most important functional unit is the services that come out of one unit of land. Regarding farmers, 

the amount of income that can be generated for each worker unit is of main interest.  

As those units express a different concept, it was decided in some cases to compute indicators 

according to several functional units to assess one criteria.  

3.3.1 Utilized Arable Area 
The utilised agricultural area basis includes the area of the holding (UAA) as well as the areas 

corresponding to feed purchases (Table 2).    
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3.4 EVALUATION OF THE SOCIAL PILLAR 
The social dimension has three components: Food Security (FS), Animal Welfare (AW) and Labour (L) 

that will be detailed in the following sub sections.  

 

(SOC)
SOCIAL

(FS)
food security

(FS.P) Food Production

(FS.P.2) Net Edible 
protein per ha at farm 

level

(FS.P.1) Net Edible 
energy per ha at farm 

level

(FS.C)
Feed/Food 

competition (FS.C.O) Land 
for food

(FS.C.O.2) Tillable Land  
used to produce  meat

(FS.C.O.1) Non-tillable 
Land  used to produce  

meat

(FS.C.E) Feed 
efficiency

(FS.C.E.1) Net protein 
efficiency at the animal 

enteprise scale

(FS.C.E.2) Net energy 
efficiency of the animal 

enteprise scale

(FS.A) Food 
accessibility

(FS.A.3) Production cost 
per edible energy at 

farm level

(FS.A.2) Production 
cost per edible Protein 

at farm level

(FS.A.1) Production 
cost per kg of meat

(AW)
Animal 
welfare

(AW.P) Access 
to pasture

(AW.P.1) Access to 
pasture

(AW.H) Animal 
Health

(AW.H.1)
Veterinary Cost

(AW.H.2)
Mortality rate

(L)
Labour

(L.W)
Workload 

(L.W.T)
working time

(L.W.L.1) Work peaks 

(L.W.L.2) working hour 
per year

(L.E) 
Employment 

density 

(L.E.1) number of 
worker per ha
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3.4.1 Food Security component (FS.) 
Three criteria were considered (Figure 1): i) production of human edible proteins and energy at farm 

level in order to estimate the capacity of farms to feed a large number of people per unit of agricultural 

land, ii) competition between animals and human food production in order to assess whether the 

production system is efficient in using resources that could be directly used for human food and that 

are used for beef production, and iii) production costs of beef, protein and energy that give an 

indication of the economic accessibility of this food for the population. Some indicators were 

calculated at farm gate and took into account all inputs and outputs from the farm and included milk 

and crops sold so that it assessed the contribution of the whole farm to food security. Other indicators 

were calculated at beef production level to track the factors that could improve the beef production. 

These indicators only took into account the inputs used to produce meat (including inputs used to 

produce feed on the farm) based on allocation rules that are detailed in section 1.5. It is also computed 

at the farm level in order to assess if animal production improve the overall land productivity. 

 

  

(FS) 
food security

(FS.P) Food 
Production

(FS.P.1) Net Edible 
energy per ha at farm 

level

(FS.P.2) Net Edible 
protein per ha at farm 

level

(FS.CF)
Feed/Food 

competition of the 
animal enterprise

(FS.CF.O) Land 
efficiency

(FS.CF.O.1) non-tillable 
Land  used to produce  

meat

(FS.CF.O.2) tillable 
Land used to produce  

meat

(FS.CF.E) Food 
efficiency

(FS.CF.E.1) Net energy 
efficiency of the 

animal enteprise scale

(FS.CF.E.2) Net protein 
efficiency of the 

animal enteprise scale

(FS.A) Food 
accessibility

(FS.A.3) Production 
cost per edible energy 

at farm level

(FS.A.2) Production 
cost per edible Protein 

at farm level

(FS.A.1) Production 
cost per kg of meat
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(FS.P.1) Net Human Edible Energy per ha and (FS.P.2) Net Human Edible Protein 

per ha 

Objective of the indicator: The purpose of this indicator is to quantify the productivity of agricultural 

land to produce human edible protein and energy from plant and animals. If animals are produced on 

areas that are unsuitable to grow crops for human consumption or if they contribute to improve the 

productivity of lands used to produce crops for human consumption, the net energy produced per ha 

will increase.  

Unit: HEE in 109Joule.m -2 or HEP in kg of protein.m-2   

Calculation: The calculation of the total quantity of food protein and energy produced by each farm 

that are edible by humans take into account all agricultural production on the farm (beef but also milk, 

cereals, etc., Table 1). It is evaluated on a per hectare of utilised agricultural area basis, which included 

the area of the holding (UAA) as well as the areas corresponding to feed purchases.   

FS.P.1:  

 

 

FS.P.2:  

 

 
The land equivalent required to produce the feed purchased are calculated by Life Cycle Assessment 

and come from the Agribalyse® database. 

Comments: This indicator doesn’t take into account differences in land production potential (soil 

fertility, climate, etc.). The productivity of land is an average value. This indicator should be evaluated 

relative to the production potential of the farm.    

(FS.CF.E.1) Net energy efficiency and (FS.CF.E.2) Net protein efficiency 

Objective of these indicators: Since the feed consumed by farmed animals sometimes includes a 

proportion of plants that could be directly consumed by humans, livestock production is a subject of 

debate in today's society (Laisse et al., 2017). However, animals also value feed that cannot be 

consumed by humans: fodder, co-products, etc. This indicator is designed to evaluate the ability of 

animals to produce more (or less) human edible energy than they ingest, and thus measures the 

protein efficiency of the farm's animal unit (producer or consumer).  

Unit:  Without unit 

Calculation: The edible protein or energy efficiency of an animal production system is the ratio 

between the amount of edible protein or energy produced by animals and the amount of edible 

protein or energy needed to produce it. This ratio is calculated at the animal enterprise scale.  

FS.CF.E.1 

 

 

FS.CF.E.2 

𝐻𝐸𝐸 𝑜𝑓 ( 𝑚𝑒𝑎𝑡 +  𝑚𝑖𝑙𝑘 +  𝑐𝑟𝑜𝑝𝑠 𝑠𝑜𝑙𝑑) 

𝐿𝑎𝑛𝑑 (𝑓𝑎𝑟𝑚 +  𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 𝑓𝑒𝑒𝑑 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑) 
 

 
𝐻𝐸𝐸 𝑜𝑓 ( 𝑚𝑒𝑎𝑡+ 𝑚𝑖𝑙𝑘+ 𝑐𝑟𝑜𝑝𝑠 𝑠𝑜𝑙𝑑)

𝐿𝑎𝑛𝑑 (𝑓𝑎𝑟𝑚+ 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 𝑓𝑒𝑒𝑑 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑) 
 

 
𝐻𝐸𝐸 𝑜𝑓 𝑚𝑒𝑎𝑡 

𝐻𝐸𝐸 𝑜𝑓 𝑓𝑒𝑒𝑑 
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The formula to calculate Human edible energy (HEE) and protein (HEP)are provided in section 3.2.  
 

Interpretation: If the ratio is >1, the animal production is a net producer of proteins for human 

consumption, if it is <1, animal production is a net consumer of human edible protein or energy. 

Comments: On 100% grass systems, not consuming any protein that can be assimilated by humans, 

the ratio is not mathematically valid, the denominator is replaced by the value 0.000001. The primary 

objective was to assess the efficiency of meat production. However, it would have been necessary to 

be able to make allocations for dairy systems that also produce meat (veal, cull cows, etc.). Thus, it 

was decided to take all animal products (milk and meat) in order to avoid this bias. 

 

(FS.CF.O.1) non-tillable Land and (FS.CF.O.2) tillable land used to produce 

meat  

Objective of these indicators: The purpose of these indicator are to quantify the use of agricultural 
land to produce 1 kg of beef meat. We differentiate tillable lands that can be used to grow plants 
edible by human from non-tillable land where only grass and trees can grow. The feed/food 
competition will directly decrease if less areas suitable to grow human edible plants are used for 
animals. This competition will indirectly decrease if a higher production of more carcass with feed 
produced on non-tillable land spares the production of feed on tillable lands.  
  

Unit: m²/kg carcass of meat 

Calculation: All the areas necessary for the production of animal, included areas outside the farm, are 

summed and divided by the total number of kg of beef carcass produced on the farm. 

 

FS.CF.O.1: 

 

 

FS.CF.O.2: 

 

 
This calculation requires to distinguish on farm tillable land that is used to feed animals from tillable 

land used to sell crop products. This can be done my multiplying each area with a given crop by the 

ratio of the quantity of crop product (cp) consumed on the total quantity of crop product produced.  

 

𝑜𝑛 𝑓𝑎𝑟𝑚 𝑡𝑖𝑙𝑙𝑎𝑏𝑙𝑒 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒𝑑 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑓𝑒𝑒𝑑 (𝑚2) = ∑ 𝐻𝐴𝑐𝑟𝑜𝑝

𝑐𝑟𝑜𝑝

∑
𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑐𝑝

𝐻𝐴𝑐𝑟𝑜𝑝  × 𝑦𝑖𝑒𝑙𝑑𝑐𝑟𝑜𝑝,𝑐𝑝 
𝑐𝑝

 

 

 
𝐻𝐸𝑃 𝑜𝑓 𝑚𝑒𝑎𝑡 

𝐻𝐸𝑃 𝑜𝑓 𝑓𝑒𝑒𝑑 
 

𝐿𝑎𝑛𝑑 (𝑁𝑜𝑛 𝑡𝑖𝑙𝑙𝑎𝑏𝑙𝑒) 

𝑚𝑒𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

 𝐿𝑎𝑛𝑑 (𝑇𝑖𝑙𝑙𝑎𝑏𝑙𝑒 + 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 𝑓𝑒𝑒𝑑 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑) 

𝑚𝑒𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
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The land equivalent required to produce the feed purchased are calculated by Life Cycle Assessment 

and come from the Agribalyse® database. 

Comments: This indicator takes into account the land production potential only partially by 

differentiating non-tillable areas from tillable areas. Non-tillable areas correspond to areas with 

important slopes, high elevation, unfavourable climate or shallow soils. These areas are currently not 

mechanizable or not profitable for crop production, nonetheless that doesn’t mean that with other 

techniques and plant varieties or species these areas couldn’t produce plants edible for humans.   

•  (FS.A.1) Production cost per kg of meat, (FS.A.2) per net energy, (FS.A.1) 

per net protein  

Objective of the indicator: The hypothesis here is that if the farm is able to produce at a low cost, 

then the consumer will buy at a low price, which improves accessibility to food.  

Unit: €/kg of beef carcass; €/kg de proteins, €/Mj 

 

Calculation: Production costs are calculated at the beef production level per 1 kg of carcass produced, 

and also at farm level per 1kg of human edible protein and 1 MJ of human edible energy produced.  

 

FS.A.1 

  

FS.A.2 

 

 

FS.A.3 

 
 

 

The production cost of a product was estimated considering all farm costs over an annual production 

cycle and assigning them to a given product. They encompassed current costs (structural costs and 

costs related to the herd, crops and forage areas), depreciation (wear and tear and discounting of 

equipment and buildings) and supplementary costs (remuneration of labour and borrowed capital). 

The remuneration of farm labour was estimated on the basis of the number of worker units multiplied 

by the median net wage, per country available on the European statistics website Eurostat. The meat 

production cost indicators needed the isolation of consumption and costs necessary for meat 

production. However, it is often not possible to allocate fixed costs (material, labour, equipment  etc.) 

between meat production and the other farm products.  In this case, allocation rules are proposed 

(Table 4) in order to associate the forage area costs with the animal enterprise. These intra-consumed 

areas are estimated by dividing the amount of feed consumed by the animals by the average yield per 

hectare. Fixed costs (machinery, labour, land, etc.) are also allocated among the enterprises according 

to the guidelines presented in Table 4. 

 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑚𝑒𝑎𝑡

𝑚𝑒𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑟𝑚 

𝐻𝐸𝑃 𝑜𝑓 (𝑚𝑒𝑎𝑡 + 𝑚𝑖𝑙𝑘 + 𝑐𝑟𝑜𝑝𝑠 𝑠𝑜𝑙𝑑) 
 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑟𝑚

𝐻𝐸𝐸 𝑜𝑓(𝑚𝑒𝑎𝑡 + 𝑚𝑖𝑙𝑘 + 𝑐𝑟𝑜𝑝𝑠 𝑠𝑜𝑙𝑑)
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Table 4: Allocation method of costs to the animal enterprise. 

Item Hypothesis for costs Allocation 

Fertilisers and soil improvers 
Proportional to the units of Nitrogen (N) 
applied to each crop consumed by 
animals. 

𝑁 𝑜𝑛 (𝑀𝐹𝐴 +   𝐼𝐴𝐶) 

𝑁 𝑜𝑛 𝑈𝐴𝐴
 

Crop protection products 
Equally distributed across all Annual 
Crops 

ℎ𝑎 𝐼𝐶𝐴

ℎ𝑎 𝐶𝐴 
 

Seeds and seedlings 
Equally distributed over all areas of crops 
sown in the year with a reseeding of TG 
every four years 

ℎ𝑎 𝑜𝑓 (𝐼𝐴𝐶 +  𝑇𝐺/4)

ℎ𝑎 𝑜𝑓 (𝐴𝐶 + 𝑇𝐺/4)
 

Other specific crop costs 
(analysis, small equipment, etc.) 

Proportional to the hectares of annual 
crops, silage maize/2 and grassland/2  

ℎ𝑎  𝑜𝑓(𝐼𝐴𝐶 +  𝑀𝑆/2 + 𝑔𝑟𝑎𝑠𝑠/2)

ℎ𝑎 𝑜𝑓 (𝐴𝐶 + 𝑀𝑆/2 + 𝑔𝑟𝑎𝑠𝑠 /2)
 

Maintenance of buildings and 
equipment, fuel, contract work, 
depreciation, interest and 
financial costs and other charges 

One hectare of non-fodder crop is 
equivalent in terms of capital use - 
excluding labour and land - to 1 LU (and 
the associated main forage area (MFA). 

𝐿𝑈

𝐿𝑈 + ha of nfCA
 

Wages and social insurance 
1 LU requires double the hours of work 
than 1 hectare of cash crops (Veysset, 
2014) 

𝐿𝑈

𝐿𝑈 + ha nfCA/2
 

Rental charges All plots have the same value. 𝑀𝐹𝐴 + 𝐼𝐴𝐶/𝑈𝐴𝐴 

Note: AC: Annual Crops, IAC: intraconsumed annual crops, nfCA: non fodder annual crops, MS: Maize 

Silage, MFA: Main Forage Area, UAA: Utilised Agricultural Area, TG: Temporary grassland, LU: Livestock 

unit 

For farms with both dairy and suckler cattle, feeds were divided between the two herds according to 

the diets described in each case-study. This made it possible to determine the areas used by each herd, 

that were needed to calculate the competition indicators for agricultural land use. Regarding the 

economic data, the feed and crop operational costs were divided between dairy and suckler cattle 

according to the feed consumed by each herd. For other costs, where no information is provided, the 

production cost allocation by the French Livestock Institute (Appendix 3) were used. 

Finally, for farms where beef is a by-product of milk production, the biophysical allocation method of 

the International Dairy Federation (2010) was used where the Milk Allocation Factor = 1 - 6.04*(total 

live kg sold-purchased from the dairy herd)/kg total milk sold. This gives an allocation factor of about 

80% for milk and 20% for meat which is applied to the feed of the dairy herd, the areas used and the 

economic costs. 
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3.4.2 Component: Animal welfare 
The animal welfare component has to criteria: access to pasture and animal health which is appraised 

by a veterinary costs and mortality rate.  

 

 

(BEA.A.1) Access to pasture 

Objective of the indicator: Access to pasture is considered to be one of the factors of animal welfare 

in livestock farming (Mounier et al., 2007). Indeed, outdoors, animals can express most of their natural 

behaviours, and in addition, partially express their food preferences (Dumont, 1996). This indicator 

therefore assesses whether or not animals are grazing. This also reflects the consumer expectations 

identified by the ACCEPT project (IFIP, 2017). 

Unit and calculation : without unit. 
2 possible values:  

- 0 (Unfavorable threshold): animals have no access to the pasture 

- 10 (Favorable threshold): animals have access to the pasture 

 

Comments: Climate can be a constraint to grazing animals, especially in areas where winters are cold 

and humid, or in areas where summers are hot and dry. One of the constraints that can influence the 

grazing of animals is also the distance between the pastures and the farm, for example on a farm 

without a mobile milking parlour for dairy cows. This indicator is based on the Welfare Quality© 

method, however in this method the hours per day spent on pasture are taken into account, but this 

is too precise for our study. 

(BEA.S.1) Veterinary costs 

Objective of the indicator: In some cases, better respect for animal welfare can lead to a reduction in 

veterinary costs (CIWF, 2011). Thus, this indicator has been constructed in such a way that it reflects 

animal welfare and more particularly animal health on the farm. 

(BEA)
Animal welfare

(BEA.A) Access to 
pasture

(BEA.A.1) Access to pasture

(BEA.S) Animal 
Health

(BEA.S.1)
Veterinary Cost

(BEA.S.2)
Mortality rate
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Unit: € / LU 

Calculation:  
𝑉𝑒𝑡𝑒𝑟𝑖𝑛𝑎𝑟𝑦 𝑐𝑜𝑠𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑙𝑖𝑣𝑒𝑠𝑡𝑜𝑐𝑘 𝑢𝑛𝑖𝑡
 

Interpretation: Veterinary costs (products and fee) take into account those specific to births. Thus, it 

is necessary to differentiate between the thresholds for holdings with births and those with only 

fattening. 

 

Comments: A critique can be made of this indicator. Indeed, low veterinary costs can mean either 

good animal health and therefore little care, or negligence on the part of the farmer who does not 

treat his sick animals. However, we are working here with simulation data, all the necessary care of 

the animals will be recorded in FarmDyn, so there will be no possible negligence. 

 

 (BEA.S.2) Mortality rate  

Objective of the indicator: In some cases, better respect for animal welfare can lead to a reduction in 

on-farm animal mortality rates (CIWF, 2011). Thus, the purpose of this indicator is to provide 

information on the mortality rate on the farm that reveals the quality of life of the animals, since it is 

easily understandable that if the animal dies, there is no welfare. 

Unit: without unit 

Calculation: 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝑎𝑛𝑖𝑚𝑎𝑙𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑦𝑒𝑎𝑟

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑛𝑖𝑚𝑎𝑙𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑎𝑟𝑚
 

Interpretation: Birth farms have a higher overall mortality rate than pure fatteners since calf mortality 

is taken into account. The thresholds are therefore differentiated for these two types of systems. 

Comments: A criticism can be made of this indicator, death is not always due to a lack of respect for 

well-being, but it is sometimes a death of "old age". This is a bias in the evaluation of this indicator. 
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3.4.3 Component: on-farm labour 
The component has two dimensions: workload for the farmers with two criteria: working time and 

monotony, and employment density. The criteria workload is divided in two sub-criteria: working time 

that is assessed by two criteria (work peaks and working hours per day) and monotony that is 

accounted for by the number of activity. The criteria monotony is evaluated by the number of activities. 

 

 

(T.C.T.1) Work peaks 

Objective of the indicator: Working time is now one of the major concerns of farmers (Fagon et al., 

2010). A distinction is made between on-call time, which is carried out daily, such as daily animal care 

(feeding, bedding, etc.) and seasonal tasks, which brings together specific tasks on the farm 

(harvesting, fence maintenance, grouped farrowing, etc.). The purpose of the indicator presented here 

is to identify peaks in work over a year. The number of months in which the average monthly working 

time exceeds an arbitrary threshold of 8 hours/day/worker is thus calculated. 

Unit and Calculation: Number of month for which the average working hours exceed 8 

hours/day/worker 

• (T.C.T.2) annual working hour per worker  

Objective of the indicator: In line with the previous indicator, this one aims to quantify the total 

working time necessary for the proper functioning of the operation over a year. 

Unit and calculation: annual working hours /worker 

Comments: the number of hours per worker is capped in the model. Nonetheless it can be below 

this threshold.  

(T)
Labour

(T.C)
Workload 

(T.C.T)
working time

(T.C.T.1) Work peaks 

(T.C.T.2) working hour per 
year

(T.E) 
Employment 

density 

(T.E.1) number of worker 
per ha
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(T.E.1) Number of on-farm jobs generated on the farm surface 

Objective of the indicator: The purpose of this indicator is to quantify the contribution of the farm to 

employment in the territory, i.e. more specifically, how many on-farm jobs generate the farm per Area 

Unit it occupies, especially since the number of hectares managed per farmer has been on an upward 

trend for several years (Fiorelli et al., 2007). 

Unit and calculation: Number working hours / ha 

Comments: There is a bias regarding this indicator. Working hours spent on operations that are 

contractualized and therefore not performed by people working on the farm are not included in the 

indicator. However, this also contributes to employment in the territory. In addition, most agricultural 

products require activities additional to production such as slaughtering or milk collection (Fagon, 

2010). However, these activities are not necessarily carried out locally and it is difficult to know the 

future of the products. For this reason, this indicator is restricted to the agricultural holding. 
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3.5 Environmental pillar 
Five components represent the environmental pillar: Atmosphere (A), Water (W), Soil (S), Resources 

& Energy (RE) and Biodiversity (B). Each components are assessed by indicators calculated with 

three functional unit at farm level: land (agricultural area of the farm), energy and protein 

produced on farm (animal + crop).  

(ENV)
ENVIRONNE

MENT

(A) Air
Contribution to climate 

change

(A.1) kg eq CO2 / ha

(A.2) kg eq CO2 / kg of total proteins

(A.3) kg eq CO2 / MJ

(W) Water
Eutrophication of 

surface water

(W.1) kg eq PO43- / ha

(W.2) kg eq PO43- /  kg of total proteins

(W.3) kg eq PO43- / MJ

(S) Soil

(S.A) Acidification
(S.A.1) molc H+ / ha

(S.A.2) molc H+ /  kg of total proteins

(S.A.3) molc H+ / MJ

(S.D) Soil 
degradation

(S.D.1) kg C deficit / ha

(S.D.2) kg C deficit /  kg of total proteins

(S.D.3) kg C deficit / MJ

(RE) Resources 
and energy

(RE.E) Depletion 
of mineral, fossil 
and renewable 

resources

(RE.E.1) MJ / ha

(RE.E.2) MJ /  kg of total proteins

(RE.E.3) MJ / MJ

(RE.O) Land 
use

(RE.O.1) ha /  kg of total proteins

(RE.O.2) ha / MJ

(B) Biodiversity
(B.O) Diversity 
of production 

tools

(B.O.1) Specific plant diversity

(B.O.2) Animal genetic diversity
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3.5.1 Component: Air 
 

(A.1-2-3) Contribution to climate change 

 

Objective of the indicator: This indicator calculated by LCA aims to quantify the impacts of agricultural 

activities on the atmosphere. To do this, the equivalent kg of CO2 emitted is summed for each of the 

farm's products and inputs. 

Unit 

(A.1)   
kg éq CO2

ℎ𝑎
 (A.2)   

kg éq CO2

𝑘𝑔 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 (A.3)   

kg éq CO2

𝑀𝐽 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

 

Calculation: 
The data required for the calculation are: 

- All the contributions to climate change of the farm's crop and livestock production and of the 

feed purchased for animal feed. 

- UAA of the holding (A.1) 

- kg of total protein produced on the farm (A.2) 

- Total MJ produced on the farm (A.3) 

Sources: Agribalyse® for raw production, EcoAlim for compound feed 

(A) Air

Contribution to climate 
change

kq eq CO2

(A.1)
kg eq CO2 / ha

(A.2)
kg eq CO2 / kg of total proteins

(A.3)
kg eq CO2 / MJ
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3.5.2 Component: Water 
 

 

(W.1-2-3) Eutrophication of surface water 

Objective of the indicator: This indicator calculated by LCA aims to quantify the impacts of agricultural 

activities on water and particularly surface water. To do this, the equivalent kg of PO43- emitted are 

summed for each of the farm's products and inputs. 

Unit: 

(W.1)   
kg éq PO43−

ℎ𝑎
 (W.2)   

kg éq PO43−

𝑘𝑔 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 (W.3)   

kg éq PO43−

𝑀𝐽 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

 

Calculation: 
The data required for the calculation are: 

- All the impacts of crop and livestock production from the farm and crop production 

purchased for animal feed on aquatic eutrophication. 

- UAA of the operation (W.1) 

- kg of total protein produced on the farm (W.2) 

- Total MJ produced on the farm (W.3) 

Sources: Agribalyse® for raw production, EcoAlim for compound feed 

 

 

  

(W) Water

Eutrophication of surface 
water

kq eq PO43-

(W.1)
kg eq PO43- / ha

(W.2)
kg eq PO43- /  kg of total proteins

(W.3)
kg eq PO43- / MJ
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3.5.3  Component: Soil 
 

  

(S.A.1-2-3) Acidification 

 

Objective of the indicator: This indicator calculated by LCA aims to quantify the impacts of agricultural 

activities on the soil and particularly its acidification. To do this, the moles of H+ emitted are summed 

for each of the farm's products and inputs. 

Unit:  (S.A.1)   
molc H+

ℎ𝑎
 (S.A.2)   

molc H+

𝑘𝑔 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 (S.A.3)   

molc H+

𝑀𝐽 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

 

Calculation: 
The data required for the calculation are: 

- All the impacts of crop and livestock production from the farm and crop production 

purchased for animal feed on acidification. 

- Operating usable arable area (S.A.1) 

- kg of total protein produced on the farm (S.A.2) 

- Total MJ produced on the farm (S.A.3) 

Sources: Agribalyse® for raw production, EcoAlim for compound feed 

 

 

 

 

(S) Soil

(S.A) Acidification
molc H+

(S.A.1)
molc H+ / ha

(S.A.2)
molc H+ /  kg of total 

proteins

(S.A.3)
molc H+ / MJ

(S.D) Soil degradation
kg C deficit

(S.D.1)
kg C deficit / ha

(S.D.2)
kg C deficit /  kg of total 

proteins

(S.D.3)
kg C deficit / MJ
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(S.D.1-2-3) Soil degradation 

Objective of the indicator: This indicator calculated by LCA aims to quantify the impacts of agricultural 

activities on the soil and particularly its quality. To do this, the deficit kg C is summed for each of the 

farm's products and inputs. They represent in particular the loss of carbon by erosion or by 

mineralization of organic matter. 

Unit: (S.D.1)   
Deficit kg C

ℎ𝑎
 (S.D.2)   

Deficit kg C

𝑘𝑔 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 (S.D.3)   

Deficit kg C

𝑀𝐽 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

 Calculation:The data required for the calculation are: 

- All the impacts of crop and livestock production from the farm and crop production 

purchased for animal feed on soil degradation. 

- Operating UAA (S.D.1) 

- kg of total protein produced on the farm (S.D.2) 

- Total MJ produced on the farm (S.D.3) 

Sources: Agribalyse® for raw production, EcoAlim for compound feed 

 

3.5.4 Component: Resources and energy 
 

 

(RE.E.1-2-3) Depletion of mineral, fossil and renewable resources 

Objective of the indicator: This indicator calculated by LCA aims to quantify the impacts of agricultural 

activities on resource depletion and energy consumption. To do this, the equivalent kg of MJ consumed 

is summed for each of the farm's products and inputs. 

Unit: (RE.E.1)   
MJ consumed

ℎ𝑎
 (RE.E.2)   

MJ consumed

𝑘𝑔 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 (RE.E.3)   

MJ consumed

𝑀𝐽 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

(RE) Resources and energy

(RE.E) Depletion of 
mineral, fossil and 

renewable resources

MJ

(RE.E.1)
MJ / ha

(RE.E.2)
MJ /  kg of total proteins

(RE.E.3)
MJ / MJ

(RE.O) Land use

ha

(RE.O.1)
ha /  kg of total proteins

(RE.O.2)
ha / MJ
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Calculation: The data required for the calculation are: 

- All the impacts of crop and livestock production from the farm and crop production 

purchased for animal feed on the depletion of mineral, fossil and renewable resources. 

- Operating UAA (RE.E.1) 

- kg of total protein produced on the farm (RE.E.2) 

- Total MJ produced on the farm (RE.E.3) 

Sources: Agribalyse® for raw production, EcoAlim for compound feed 

 (RE.O.1-2) Land use 

Objective of the indicator: The purpose of this indicator is to quantify the right-of-way on agricultural 

land. To do this, the areas used are summed for each of the farm's products and inputs. 

Unit: 

(RE.O.1)   
m²

𝑘𝑔 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 (RE.O.2)   

m²

𝑀𝐽 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

Calculation: The data required for the calculation are: 

- All the areas necessary for the production of plants and animals on the holding and plant 

production purchased for animal feed. 

- kg of total protein produced on the farm (RE.O.1) 

- Total MJ produced on the farm (RE.O.2) 

Sources: Agribalyse® for raw production, EcoAlim for compound feed  

 

3.5.5 Component: Biodiversity 
The component biodiversity is assessed through two criteria: Diversity of production tools and 

Diversity of productions.  

 

  

(B) Biodiversity (B.O) Diversity of production

(B.O.1)
Specific plant diversity

(B.O.2)
Animal genetic diversity
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(B.O.1) Specific plant diversity 

Objective of the indicator: The purpose of this indicator is to assess the number of plant species. 

Indeed, the greater the number of plant species, the lower the risk of resistance to the field of 

specialization of weed flora (Ministry of Agriculture, Agri-Food and Forestry, 2018) and the greater 

floristic diversity (Achard de la Vente et al., 2018). 

Unit: Number of « species » (grasslands can count several species) 

Calculation: The value taken by the indicator corresponds to the number of plant categories present 

on the farm. 

 

 (B.O.2) Animal genetic diversity 

Objective of the indicator: The purpose of this indicator is to assess the number of breeds present on 

the farm. We then consider that from 2 breeds present, there is an effort on the part of the farmer 

towards genetic diversity. Indeed, the more breeds there are, the more technical the management of 

the herd is. 

Unit: Number of breeds 
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3.6 Economic pillar 
The economic sustainability of the farm will be assess through 3 components: 

- Labor compensation, ie. the capacity to remunerate the work conducted on the farm 

- Efficiency of the inputs and of the capital invested 

- Robustness to quantify the ability of the farm to withstand a series of economic hazards (e.g. 

changes in products and/or inputs prices).  

 

  

ECONOMIC

(R) Labour 
compensation

(R.1) Hourly rate

(R.2) Income per worker

(E) Efficiency

(E.T.1) Technical and 
economic efficiency

(E.K.1) Capital efficiency

(C) Robustness
(C.1) Income variability 
per worker due to price 

uncertainty
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3.6.1 Component: Labour compensation 
The capacity to remunerate the work conducted on the farm is appreciated through two indicators: 

Hourly rate and income per worker.  

 

(R.1) Hourly rate 

 

Objective of the indicator: The objective here is to quantify labour compensation by assessing the 

value of one hour of work on the farm. 

Unit:  € / h 

Calculation: The data required are: 

- Net operating income 

- The total number of working hours excluding contractualized hours 

  
𝑁𝑒𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑜𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 𝑒𝑥𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑢𝑎𝑙𝑖𝑧𝑒𝑑 ℎ𝑜𝑢𝑟𝑠
 

 

 (R.2) Income per worker 

 

Objective of the indicator: The objective here is to quantify labour compensation by estimating the 

disposable share of net operating income per worker over a year. 

Unit: € / UTH 

Calculation:  
𝑁𝑒𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑜𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑏𝑜𝑟 𝑢𝑛𝑖𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑓𝑎𝑟𝑚
 

 

  

Labour 
compensation

(R)

Hourly rate

(R.1)

Income per worker

(R.2)
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3.6.2 Component: Efficiency 
Efficiency is assessed through two indicators technical and economic efficiency and capital efficiency.  

 

(E.T.1) Technical and economic efficiency 

Objective of the indicator: The objective here is to quantify the technical and economic efficiency of 

the farm, i.e. its ability to produce wealth from the inputs it uses. 

Unit: Without unit 

Calculation:  
 

𝑇𝑜𝑡𝑎𝑙 𝑔𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑥𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑎𝑖𝑑

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 +  𝑑𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛
 

 

 (E.K.1) Capital efficiency 

Objective of the indicator: The objective here is to quantify capital efficiency, i.e. the amount of 

wealth produced with the capital of the farm. If the capital is too large in relation to the wealth 

produced, this constitutes a risk for the exploitation. 

Unit: Without unit 

Calculation:  The data required for the calculation are:  
𝑁𝑒𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑜𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑒𝑥𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑙𝑎𝑛𝑑 𝑎𝑛𝑑 𝑝𝑒𝑟𝑚𝑎𝑛𝑒𝑛𝑡 𝑐𝑟𝑜𝑝𝑠
 

Interpretation: For example, if the indicator takes the value 0.1, it means that it takes 
1

𝟎,𝟏
 = 10 years 

to repay the capital with the farm income. The higher this indicator is, the more efficient the operating 

capital is, i.e. more has been produced with little capital. 

  

(E) Efficiency

(E.T.1) Technical and 
economic efficiency

(E.K.1) Capital 
efficiency
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3.6.3 Component: Robustness 

(C.1) Income variability per worker due to price uncertainty 

 

Objective of the indicator: The robustness of a system can be defined as its ability to withstand a 

hazard. Resilience is the ability of a system to return quickly to its initial state after a hazard. 

 

The robustness of the system can be assessed by subjecting it to various price uncertainties and by 

studying the income dispersion of the system. The robustness of the system will therefore be assessed 

via the coefficient of variation of net income per worker. 

Unit: Without unit 

Calculation:  The data required for the calculation are: 

- X price contingency constraints  

- A series of X data on net operating income per UTH following each price contingency 

𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 =
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑒𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑜𝑚𝑒

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑒𝑡 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑜𝑚𝑒
 

  

Robustness

(C)

Income variability 
per worker due to 
price uncertainty

(C.1)
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4 Aggregation and choice of thresholds 
 

It is necessary to weight and aggregate the indicators in order to be able to summarize all the 

information in a single note and thus conclude on the sustainability of the systems. However, 

aggregation has several methodological pitfalls (Schärlig, 1985), including: incommensurability, i.e., 

the fact that there is no common unit for all indicators, the subjectivity of weights, compensation 

between indicators and the loss of information when aggregating. Thus, different aggregation methods 

exist with their advantages and disadvantages. Three main groups of methods can then be mentioned:  

- Methods based on a common quantitative scale. These involve a transformation of all 

quantitative indicators on the same scale, aggregation is then an arithmetic combination of 

indicators all having the same unit. This is the case for MAUT or AHP methods (Keeney et al., 

1976 - Saaty, 1980). However, these methods have disadvantages such as the total 

compensation of the indicators. 

- Methods based on over-ranking. The systems are compared two by two to obtain a ranking, 

such as the ELECTRE method (Roy, 1968). However, they represent a limitation in the 

aggregation of quantitative and qualitative indicators together. 

- Methods based on decision rules, which are based on a hierarchical decision tree such as the  

DEXi tool (Bohanec et al, 2008). 

 

Aggregation can be done according to two logics:  

- Boolean logic, whose use is facilitated by the DEXi software (Bohanec et al., 2008). The 

indicators are put into classes as well as the aggregate score. Aggregation is based on "if... then" type 

decision rules: if the indicators meet one or more conditions, then the aggregate score will take the 

corresponding value. However, this logic imposes threshold effects and the decision rules are not 

explicit. Moreover, it does not limit compensation between indicators. 

- Fuzzy logic, developed in the 1960s, based on the mathematical theory of subsets (Lairez et 

al., 2015). This approach is based on human reasoning rather than rigid calculations. It allows users to 

better understand natural phenomena, which are imprecise and difficult to model. Belonging functions 

are determined for each indicator to assess its degree of belonging to a given set. This means that the 

value of the indicator is transformed into a score (membership value) between 0 and 1, which can 

follow different functions (linear, hyperbolic tangent, etc.). Then aggregation consists in taking the 

minimum or product of the scores of the indicators ori-ltjk-tkt;èand calculating their barycentre. This 

logic then allows intermediate values to be processed when an indicator is found to be partially true 

or partially false, which is a major advantage. 

The CONTRA® tool has been chosen to aggregate indicators since it combines the advantages of the 

hierarchical decision trees and uses the fuzzy logic that ensures transparency, adaptability, flexibility 

and limitation of compensations (Bockstaller et al., 2017). 

 

The project partners have decided not to go to the final aggregation of indicators.  They are indeed 

afraid of losing information by aggregating several indicators into a single one and of giving too 
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subjective scores and weight to the different indicators. Consequently, only the principles of 

aggregation and the first thoughts will be presented. 

I.1. Interpretation of indicators 
In order to be able to interpret and aggregate the indicators, they have to be transformed on a 

common scale from 0 to 10; 0 being the worst score, 10 the best. As a result, functions of belonging to 

the "favorable" and "unfavorable" classes are determined in the CONTRA® tool. The most appropriate 

type of membership function for our study, which reduces compensations between indicators and 

eliminates threshold effects, is the hyperbolic tangent function. Depending on the value of the 

indicator, the tool determines its degree of favourable and unfavourable class membership and 

concludes with a score between 0 and 10 for this indicator. However, the transformations depend on 

the type of interpretation of each indicator, i.e. whether it is a performance or risk indicator. In the 

case of a performance indicator (e.g. "the higher the better"), the desired value is as large as possible. 

Thus, the higher the value, the better the score. In the case of a risk indicator ("the lower the better") 

the value sought is the smallest possible value. Thus, the higher the value of the indicator, the lower 

the score. For quantitative indicator "Bell-shaped: one optimum and two minima”, two unfavourable 

thresholds and one favourable threshold are set. 

The "favorable" and "unfavorable" threshold values are entered by the user. These threshold can be 

determined either by bibliographical references, by expert opinion of by benchmarking. Benchmarking 

is the comparison of one´s performance with the performance of others engaged in a similar activity. 

Thresholds can then be defined as the best performing farms and the worst ones. Economic thresolds 

were for instance proposed for the French case studies based on a technical-economic database 

containing 95 French cattle farms that are part of the INOSYS breeding networks of IDELE and the 

Chambers of Agriculture, was extracted from the Diapason tool (IDELE et al., 2012). The 5th and 95th 

percentile of this distribution was then chosen for the unfavourable and favourable thresholds 

respectively for the French situation. The farm performance in the baseline situation (before the 

implementation of an innovation) can also be used as a benchmark. In this case, only improvement or 

regression relative to the initial state could be done, without possibilities to assess if the new state is 

good enough to be qualified as sustainable.  

I.2. Weighting indicators 
Indicators can be weighted according to the importance they are intended to be assigned to each 

other. The evaluation tree was sent to 12 experts who had already been confronted with the problems 

of assessing the sustainability of agricultural systems at the plot, farm system or territory level. These 

experts were from research institutes, technical institutes or Chambers of Agriculture. Four of them 

responded positively to this request. After collecting their profile and work theme, they were asked to 

assign weights to each indicator in order to establish the weights they felt were relevant (Appendix 8). 

As a result, the weighting process of each indicator by those experts as seen as difficult due to their 

respective specialisation fields that made them more sensitive to some dimensions. Thus, it was 

decided to let weighting free and to adapt it according to the users.  

We have proposed three weighting scenarios with different ponderations. The « National statistics » 

scenario does not favour any indicators. Thus, the weights of the attributes of the same knot are equal, 

so there is no weighting. The « Farmer » scenario attempts to adopt a logic that could be that of a 

farmer. It would thus give greater importance to the economic pillar by assigning it a weight of 50% 
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compared to 20% for the environmental pillar and 30% for the social pillar. Within the economic pillar, 

it would focus on income (R) and within the social pillar, on workload. Eventually, the “Territorial 

community” scenario objective was to imitate the weightings that a territorial authority could assign 

according to the problems it would have to face on its territory. The example taken here is that of a 

territory with frequent mudslides, eutrophication is reported to be significant in watercourses, a local 

race is threatened and the territory is deserted. The environmental and social pillars are then favoured 

over the economic pillar. Within the environmental pillar, the Water and Soil components have more 

weight than the Resources and Energy and Biodiversity components. Within the Soil component, soil 

degradation indicators are the most important. Within the criterion Diversity of production tools, 

animal genetic diversity has a weight of 70% compared to 30% for plant specific diversity). Finally, 

within the Labour component of the social pillar, it is Territorial Employment that has a greater weight 

in relation to the operator's workload. 

 

5 Conclusion and perspectives 
 

The objective of deliverable was to propose a multi-criteria evaluation method to analyze feed/food 

competition in European beef farming systems and to appraise their global sustainability. This method 

had to be compatible with outputs from a bioeconomic farm model and sensitive to incremental 

changes produced by the implementation of innovations aiming at reducing the feed/food 

competition. This study presents the evaluation method based on other existing methods and 

constructed according to the constraints of the project. More than 40 indicators are organize in a tree 

that includes three main branches corresponding to the pillar of sustainability –social, environmental 

and economic-. Each pillar is then divided in criteria, subcriteria and indicators. Each indicator is then 

clearly positioned within the global evaluation. This method is particularly innovative in that it 

incorporates the assessment of feed/food competition in addition to the more usual dimensions of 

sustainability.  

The first steps in the process for aggregation have been realized to aggregate these indicators into a 

single score. The CONTRA® tool has been identified since it can apply the fuzzy logic to an evaluation 

tree. Nonetheless several questions remain outstanding regarding the definition of thresholds and 

weighting: How this threshold should be defined? Is it relevant to apply the same interpretation 

thresholds and weightings of the indicators to each of the standard cases studied? Can we compare 

the systems studied with each other? Experts are usually embarrassment when they are asked to give 

threshold and weights. Scientists don’t like to aggregate indicators as they are afraid of losing 

information and don’t like weighting as they find it subjective. Nonetheless, when there are numerous 

dimensions it is also necessary to make choice in order to provide a synthetic analysis. One way could 

be to design a figure where some of the most relevant indicators, depending on the case studied, 

would be positioned on a common scale (score). This would allow us to observe the impact of 

innovation on each of these selected indicators. This method could be useful in highlighting trade-offs. 
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III. APPENDIX 

 

Appendix 1: Share of energy and protein in animal products 

The data available in terms of SHEPA and SHEEA from the literature do not cover all breeds and categories of 

animals present in the study. We constructed a linear regression line (r²=0.98 for SHEPA and r²=0.97 for SHEEA) 

from the data available in the literature (Laisse et al. 2018) in order to obtain, for each carcass yield value, the 

corresponding SHEPA and SHEEA value. In order to construct our Table 1, we chose to use the carcass yields by 

type of animal and breed from experimental stations (Idele, conference grand Angle 2019), which corresponds to 

more recent and complete data than those of Laisse et al (2018). We were then able to match each carcass yield 

in Table 1 with the corresponding SHEPA and SHEEA value. 

For the carcass yields of animals not mentioned in GAV 2019 (bulls, Salers, Blanc Bleu Belge, and Montbéliard 

animals), the data were obtained from experts or breeding organizations. Due to the lack of data for cross-bred 

animals, the carcass yields of the two breeds were averaged. The same method was used for animals sold alive 

(weanlings), although these animals are not at this stage intended for human consumption but are exported to other 

holdings for finishing. The SHEPA and SHEEA used for weanlings are derived from Laisse et al (2018) and are 

presented in Table A. For newborn calves sold alive at a few weeks of age, the protein and available energy contents 

are given per whole calf depending on the breed (Table B). Since no carcass yield reference exists for newborn 

calves, we took a 20% yield from their SHEPA on the linear regression line. 

Table A: Share of proteins (SHEPA) and energy (SHEEA) edible by humans for weanlings according to their 

breed, live weight and carcass yield. GP = Gross proteins, GE = Gross energy. 

 

Table B: Kilogram of protein and kilocalorie of edible energy produced per calf according to its breed. 

Source : Laisse et al. (2018) Fiche méthodologique bovins lait 

  

Weanling breed 
Charolais or  
Charolais x Salers 

Limousin 
Blanc Bleu 
Belge 

Live-weight (Kg) 300kg 450kg 300kg 450kg x 

Carcass yield (% of live weight) 53% 55% 55% 57% 59% 

SHEPA (% GP) 57% 58% 58% 60% 61% 

SHEEA (% GE) 35% 36% 36% 36% 37% 

 Kg of proteins produced/calf sold 
Kcal of energy produced/calf 
sold 

Calves breed Holstein  
Other breed or 
crossed breed 

Holstein 
Other breed 
or crossed 
breed 

Total 9.2 10.9 93 900 110 900 

Edible by human 3 3.5 31 500 37 200 
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Appendix 2: Average composition of each type of concentrate used 

Composition in % 
Weanling 
concentrate 16 

Cow 
concentrate L18 

Finishing 
concentrate JB16 

Calf 
concentrate 18 

Cereals 

Wheat  9.6     11.9    
 

 11.9    
Barley  4.7     8.1     9.3     9.9    
Moist grain maize  26.3     24.0     25.9     23.5    
Oats  5.5     0.8     6.0     0.7    
Triticale 

 
 1.7    

 
 0.3    

Protein crops Soya 
  

 0.2     0.6    

Other 
concentrates 

Dehydrated alfalfa (GP < 16% 
DM) 

 
 0.4     5.9    

 

Concentré protéique de 
luzerne 

 
 1.0     1.4     0.6    

Urée  0.1     0.3     0.0     0.4    

Meal 

Soybean meal 46 
 

 2.0     2.5     2.5    
Rapeseed meal 

 
 5.4    

 
 5.7    

Hipro sunflower meal (Black 
Sea) 

 0.7     0.0     3.3    
 

Sunflower meal partly shelled 
(France) 

 1.7    
 

 4.6    
 

Unshelled sunflower cake 
(France) 

 7.2    
 

 0.5    
 

Cereal 
coproducts 

Soft wheat bran  15.0    
 

 15.0     7.7    
Soft wheat white remoulding 

 
 7.8    

 
 7.3    

Wheatgrain (starch distillery > 
7 % DM) 

 
 7.2    

 
 0.9    

Brewery grain (barley) 
 

 0.2    
  

Cornbread  10.2    
 

 19.0     16.3    
Corn Gluten Feed 

 
 14.0    

  

Wheat Gluten Feed  10.6    
 

 1.0     6.0    
Gluten 60 (Corn Gluten meal)  0.2     7.6     0.0     0.9    
Barley Radicelles 

 
 2.8    

  

Other 
coproducts 

Dehydrated beet pulp  6.0    
 

 5.3     5.0    
Dehydrated citrus pulp 

 
 5.0    

  

GP: gross protein, DM: Dry Matter 

 

 Appendix 3: Allocation factor of the production cost used in the study from the French Livestock Institute 

(sept.2019):   

 
Lowland dairy herd Suckler herd, production of young bulls from 

dairy calves 

Structural costs   
Mechanisation 1 1.06 
Buildings 1 0.52 
Financial costs 1 1.28 

General costs 1 0.78 

Labour 1 0.32 

Livestock operational costs 
  

Livestock costs 1 0.07 

Veterinary costs 1 1.3 

 

 


