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Abstract: Sustainability is a challenging issue for livestock production, with many expectations from 17 
citizens and consumers. Thus, in order to improve existing production systems or design new ones, 18 
there is a need for sustainability assessment tools. We propose here a method based on a 19 
participatory approach to assess the sustainability of chicken supply chains. A participating group 20 
composed of various French stakeholders (poultry industry operators, research and development 21 
scientists, non-governmental organizations, etc.) was consulted to gather the various existing 22 
visions of sustainability. Each decision was validated by this group, and this resulted in the creation 23 
of a consensual assessment grid, based on economic, social, and environmental pillars, summarized 24 
in 9 goals, 28 criteria, and 45 indicators. Each item was weighted by the participating group 25 
according to their relative importance. The grid was then tested on two different French supply 26 
chains, producing either free-range or conventional standard chickens. The strengths, weaknesses, 27 
and improvement margins of each supply chain were identified. For conventional standard 28 
production, an improvement scenario was proposed, based on changes in chicken feed and the 29 
renovation of chicken houses. This new supply chain improved many criteria in the three pillars; 30 
such as economic competitiveness, European protein autonomy, social acceptance, and lower 31 
greenhouse gas emission. In conclusion, this method provides a robust and powerful tool to help 32 
stakeholders to start their own autonomous improvement process, and thus progress towards a 33 
more sustainable chicken production 34 

Keywords: sustainability; multicriterion assessment; participatory approach; stakeholders; supply 35 

chain; poultry; chicken. 36 
 37 

1. Introduction 38 

According to the estimates of the Organization for Economic Co-operation and Development 39 
(OECD) and the Food and Agriculture Organization (FAO), in the decade to come, chicken will 40 
remain the first produced and consumed meat in the world, with a production increase by about 16% 41 
over the period [1]. Despite this worldwide growing demand, chicken production is today facing 42 
many sustainability challenges such as economic competitiveness, environmental impact, resource 43 
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availability, animal welfare, meat quality, or episodic health alerts [2-7]. Furthermore, public 44 
institutions and non-governmental organizations (GNOs; e.g. environment protection, animal 45 
welfare) encourage citizens to behave responsibly and to become “citizen-consumers”, further 46 
increasing the pressure on livestock production [8]. 47 

In such a context, the following question has arisen: “how can the sustainability of chicken 48 
production be improved?” First put forward in 1987 in the “Brundtland report” [9], the complex 49 
notion of “sustainability” can be interpreted as a trajectory guiding constructive changes. Yet, it can 50 
also be perceived by stakeholders as a fuzzy concept, thus limiting their actions to improve their 51 
practices [10]. There is therefore a need for methods and tools to assess the sustainability of 52 
production systems and to identify their strengths and weaknesses, in order to propose sustainability 53 
goals and solutions to reach them. As reported by many authors, several aspects of sustainability can 54 
be considered during decision-making, and sustainability is generally represented with three 55 
interacting pillars: economic, environmental, and social [9, 11-13]. Assessing the sustainability of 56 
production systems should therefore take into consideration all three pillars, in order to obtain a 57 
global view of sustainability and thus be able to identify innovations improving at least one pillar 58 
without compromising the others. Furthermore, when dealing with sustainability of chicken 59 
production, the best approach should be the supply chain (SC) since poultry SC are highly structured 60 
with very specialized and interconnected links (hatcheries, feed producers, farms, slaughterhouses, 61 
etc.), numerous relationships between stakeholders and many money/capital, information and matter 62 
flows [14-16]. This implies a shared responsibility of the stakeholders with regard to the sustainability 63 
of SC in their respective territories and requires a holistic approach of the issue [17]. A participatory 64 
approach should also be encouraged, since it allows considering the concerns of various stakeholders 65 
regarding sustainability [18-21]. Finally, such tools should be sufficiently generic to assess the 66 
diversity of production systems and products that can be found, in the perspective of increasingly 67 
segmented French and European markets (whole chicken, cut parts, processed products, etc.; [22]). 68 

In the literature, various methods are available to assess the sustainability of livestock, in species 69 
other than poultry [23-26]. Some methods focusing on poultry production are also described in the 70 
literature, but they do not necessarily allow the evaluation of chicken SC, as they were developed to 71 
assess sustainability on the chicken production unit scale (i.e. the farm) or focused on egg production 72 
[27-31]. To our knowledge, only one method reported in the literature, the AVIBIO method 73 
(previously developed by some authors of this paper) [32], has approached the sustainability of 74 
chicken production by considering the three pillars of sustainability on the SC scale. However, 75 
although it was developed with a participatory approach, it only concerned organic chicken 76 
production, which is still a niche market in the EU [33]. This means that there is still a need for a more 77 
generic method to assess the sustainability of non-organic chicken SC. Furthermore, this method had 78 
several methodological limitations such as the composition of the participatory group involved in 79 
the project, which was rather limited in its size and its diversity (e.g. few operators from the private 80 
sector and no representative of GNOs). Finally, the conversion of indicators into scores was quite 81 
simple (i.e. conversion scales by “steps” rather than with continuous functions) and could be 82 
improved to provide more robustness and sensitivity to the method [34].  83 

Therefore, by capitalizing on the experience of the AVIBIO project, the goal of this study was 84 
then to develop and test a method, to help stakeholders tackling sustainability issues in chicken SC. 85 
In this paper, we firstly present the OVALI assessment method, and the way it was co-constructed 86 
with French stakeholders in a participatory approach (OVALI is a French acronym for “multicriterion 87 
evaluation tool to design innovative poultry production systems”). Then, we describe two case 88 
studies designed to test the OVALI method on two contrasted French chicken SC (indoor vs. free-89 
range production). Finally, we propose the ex-ante assessment of a third scenario designed to improve 90 
the sustainability of one of the two case studies. 91 

 92 
 93 
 94 
 95 
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2. Methods  96 

2.1. Choosing the system boundaries, sustainability dimensions and assessment grid structure 97 

To study the sustainability of chicken production, the whole chicken SC in its territory was 98 
considered, from breeding companies to consumers. The SC can be schematically represented as in 99 
Figure 1, with operators and activities both upstream and downstream of chicken farms. 100 

The generic structure of the assessment grid was defined by the authors (i.e. the OVALI “core-101 
team”) as following: 102 

 the three pillars (economic, social, and environmental) should be considered [9, 11-13]; 103 
 each sustainability pillar is divided into three main goals. A goal is a general concept or a 104 

main issue that would characterize sustainability in the system being studied [11] (in our case 105 
a chicken SC); 106 

 each goal is described by criteria (between two and four per goal) to specify how to 107 
apprehend the sustainability goal [35];  108 

 criteria are measured using indicators. The selected indicators were filled in using data 109 
provided by surveys, literature reviews and expert opinions.  110 

 111 

 112 

Figure 1. Diagram representing the general organization of French chicken supply chains. Boxes represent the 113 
main activities leading to the production of chicken meat (blue: upstream of chicken farming; yellow: chicken 114 
farming; green: downstream of chicken farming). Arrows represent the matter flows (feed, animals, meat) in 115 
the supply chain. 116 

 117 
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2.2. A participatory approach to define weighted sustainability goals, criteria, and indicators 118 

Since many stakeholders are involved in the functioning of a SC, there are various points of view 119 
regarding what a sustainable chicken SC should be. In order to consider this diversity of opinions, 120 
preferences, experience and knowledge, a bottom-up participatory approach was used which 121 
involved SC stakeholders in each stage of the development of the OVALI method [18-21, 39]. A 122 
participating group (PG) composed of 26 various French stakeholders was therefore created in order 123 
to share and debate opinions. The same persons were involved all along the co-construction process. 124 
All stakeholders were voluntary and were not paid to join to the PG. 125 

The PG members were chosen to be representative of the diversity of the existing chicken SC in 126 
France and belonged to different categories of stakeholders [40]. They were considered to be either: 127 

 involved directly in the decision making processes (i.e. farmers, private companies, etc.); 128 
 affected by the SC (i.e. stakeholders from the civil society); 129 
 involved in proposing innovative solutions to be applied in the SC (research and 130 

development, education). 131 

The PG involved 8 operators of chicken SC (feed producers, farmers, slaughterers, food 132 
processers and retailers), 6 members of SC organizations, 10 research and development or education 133 
representatives and 2 members of GNOs (consumers’ and environmental protection associations).  134 

Shared meetings (six one-day meetings scheduled over 20 months) were preferred to individual 135 
interviews in order to promote the sharing of information and points of view, and to co-construct a 136 
shared vision of what a sustainable SC should be [18]. During these meetings, led by the OVALI core-137 
team, the PG was asked to share information and experience, and to take consensual decisions (e.g. 138 
final selection and weighting of goals/criteria/indicators), which were not discussed further during 139 
subsequent meetings (steps forward in the decision making process).  140 

To provide the PG members with “context elements” and help them in their decision-making 141 
process, three focus groups were organized. The first one (“SC-society”), gathered 19 people (12 being 142 
also members of the PG). Within this group, chicken SC operators (6), representatives of society (6) 143 
and research and development representatives (7) discussed the following question “Which chicken 144 
production system should be aimed in France”. In addition, two focus groups with French consumers 145 
(one in Paris, the other one in a small town of about 4,000 inhabitants located about 20 km from Tours) 146 
were organized to better assess the expectations and perceptions of consumers regarding poultry 147 
production [41]. The results of these three meetings were then communicated to the PG members. 148 
Briefly, the main findings were: 149 

 the relevance or meaningfulness of the diversity of French production systems (indoor, free-150 
range, organic, etc.);  151 

 the need to improve the value/image of French conventional standard chicken production;  152 
 the need for greater competitiveness compatible with reasonable economies of scale; (with 153 

larger poultry farms and geographical concentration of operators); 154 
 the need for practices aiming at improving animal welfare and environmental footprint in 155 

chicken SC; 156 
 increased vegetal protein autonomy for feed production; 157 
 greater coordination and dialogue between operators within a SC. 158 

With these elements, the expertise of the OVALI core-team and a literature review, an initial list 159 
of sustainability goals and criteria was then proposed to the PG who discussed these items in small 160 
groups (one per pillar) to propose changes, before a collective discussion and validation by the whole 161 
PG. In particular, about 60% of the goals and criteria were inspired by those of the AVIBIO method 162 
[32] as shown in Figure A1. After the validation of sustainability goals and criteria, the same approach 163 
was carried out to select the indicators (initial list discussed, modified and validated by the PG). Once 164 
again, about the half of the indicators were taken and/or adapted (to concern all chicken SC) from the 165 
AVIBIO method [32] (Figure A1). The remaining goals/criteria were selected from literature and 166 
expertise of researchers consulted in dedicated meetings. 167 
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As explained above, indicators were used to describe sustainability criteria. According to many 168 
authors, indicators should present common characteristics in order to guarantee the success of the 169 
assessment method [12, 27-29, 36-38]. The indicators were therefore selected to be: 170 

 relevant to the general issue addressed by the assessment method; 171 
 a reliable quantitative or qualitative measure of a criterion or goal; 172 
 sensitive to variations; 173 
 easy to understand and interpret. 174 

When possible, indicators were chosen to consider the whole SC by measuring a synthetic 175 
variable taking into account the entire production process (e.g. life cycle analysis indicators) or by 176 
collecting the same information for each link in the SC. However, some criteria only involved a 177 
limited number of SC links (e.g. those dealing with animal feed, which only concerned feed 178 
producers). In this case, specific indicators were chosen. Finally, certain indicators in our approach 179 
were composite indicators, meaning that they were based on several sub-indicators [42].  180 

The three sustainability pillars (economic, social, and environmental) were given the same 181 
maximum score of 180 points, meaning that each pillar was of equal importance with regard to 182 
sustainability issues. Moreover, no compensation between pillars was allowed. Thus, a poor score for 183 
one pillar could not be compensated by a high score for another. For each pillar, the PG was then 184 
asked to distribute these 180 points between the different goals. Similarly, for each goal, the 185 
maximum score given to a goal was distributed between criteria, and the score given to a criterion 186 
was then distributed between the associated indicators. Such a participatory approach encouraged 187 
the members of the PG to shift from a personal point of view to a common and shared vision of 188 
sustainability in the chicken SC, and the final weighted grid reflected this consensual vision of 189 
sustainability in chicken SC [18]. 190 

2.3. Converting each indicator into a score and setting out assessment results  191 

In order to allow their aggregation into sustainability criteria, goals and pillars, the results of the 192 
indicators were converted into scores (points). Score conversion scales were therefore constructed by 193 
the PG, sometimes with the preliminary help of experts (e.g. for indicators concerning animal 194 
welfare). The conversion of a quantitative indicator into a score can be based either on continuous 195 
functions or on class intervals (Figure 2a and 2b). Upper and lower thresholds were identified from 196 
literature reviews and expert opinions or, when possible, with regard to policy targets or legislation 197 
[36], and then discussed by the PG. For qualitative indicators, a specific score was given to each 198 
indicator modality as shown in Figure 2c. Scores were always rounded to the nearest integer value. 199 

With this conversion method, a score at criterion, goal, or pillar level can be obtained by adding 200 
the scores of the indicators composing the considered criterion, goal, or pillar. The results of the 201 
assessment process can then be represented at different levels (pillars, goals, criteria) according to the 202 
aims of the user (simple/general diagnosis, detailed diagnosis for action, etc.). The indicator and 203 
criteria levels provide various details regarding the SC sustainability and are thus helpful for the 204 
identification and quantification of improvement margins. In contrast, the aggregation at goal and 205 
pillar levels is less detailed, but it provides a quick overview of SC sustainability.  206 

At the pillar level, each pillar score is converted into a grade ranging from A+ to E, for each 30-207 
point section, A+ being the best grade (Figure 3), in order to facilitate the understanding and 208 
communication of the results. At the criteria level, an achievement rate (actual score/maximum score, 209 
%) can be calculated and is converted into different colors (scores >65%, between 50 and 65% or <50% 210 
of maximum score, respectively) to help the user to quickly identify the strong and weak points of 211 
the SC (Figure 3). The threshold of 50% was chosen because it represents the average score (i.e. 212 
maximum score / 2) whereas the threshold of 65% was chosen to avoid being too restrictive (and 213 
hence too penalizing) while being high enough to encourage stakeholders to improve themselves. 214 
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 215 
Figure 2. Examples of indicator conversion into scores using continuous functions, class intervals, or 216 
modalities. Examples for (a) live weight production cost of conventional standard chicken; (b) reuse 217 
of slaughter by-products; (c) use of responsible soybean in chicken feeds. Increasing the score of an 218 
indicator means improving it.  219 

 220 

Figure 3. Final sustainability goals and criteria of the OVALI grid, and sustainability assessment at 221 
criterion and pillar levels for three chicken supply chains in the Pays-de-la-Loire region: “traditional 222 
free-range” (labelled with the official “Label Rouge” quality sign; LR), conventional standard (STD), 223 
and optimized conventional standard with low soybean use (STD+). 224 

 225 
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2.4. Assessing the initial situation and proposing innovative systems: Examples of Label Rouge and 226 
conventional standard chicken supply chains in the Pays-de-la-Loire region 227 

During the development of the OVALI method, several case studies were chosen by the PG to 228 
test the assessment grid and generate new information regarding the sustainability of representative 229 
chicken SC in France in terms of products (chicken for cutting and processing vs. whole chicken) and 230 
economic importance for the French poultry sector. Two of these case studies are presented below to 231 
illustrate the OVALI approach: “traditional free-range” (labelled with the official “Label Rouge” 232 
quality sign; LR) and conventional standard (STD) chicken productions, both produced in the Pays-233 
de-la-Loire region (Western part of France) and both contributing significantly to their respective 234 
national production (about 35% and 20%, respectively). 235 

The LR case study focused on French “traditional free-range” production with specific 236 
production conditions described in official specifications. In the LR SC in the Pays-de-la-Loire region, 237 
chickens are slaughtered at 2.30 kg (88 days), and are sold as ready-to-cook whole chickens (Table 238 
B1). Main characteristics of this production are: 239 

 a low animal density (11 birds/m²); 240 
 the use of a slow-growing genetic strain (average daily gain below 28 g/d); 241 
 an unlimited access to an outdoor run for the animals (first access before 6 weeks of age); 242 
 a minimum slaughter age of 81d; 243 
 a minimum of 75% of cereals (grain or by-products) in the feed.  244 

The STD case study focused on fast-growing chickens reared in closed chicken houses with no 245 
outdoor access and at a high animal density (23.4 birds/m²), with no official specifications or quality 246 
label. Birds are slaughtered at 1.83 kg (36 days of age) mostly to produce breast meat (performance 247 
levels of 2013; Table B1).  248 

After analysis of the sustainability assessment of STD SC by the PG and the OVALI core team, 249 
the strengths, weak points, and improvement margins of the chicken SC were identified. In 250 
particular, an emphasis was put on “top-priority” points to improve the sustainability of the SC. In 251 
our study, technical solutions were sought at the farm level, and an innovative scenario, based on 252 
optimization of the production process and low soybean use, was designed and ex-ante evaluated 253 
with the OVALI grid (STD+ scenario; Table B1). However, the selection of the most relevant 254 
innovations and their implementation in commercial farms was not carried out as part of the OVALI 255 
project, as these decisions only belong to SC operators.  256 

For the three evaluated scenarios, local operators (hatcheries, feed producers, production 257 
organizations, slaughterhouses, etc.) were identified and surveyed confidentially to collect data 258 
throughout the SC. Public data provided by the French Poultry Technical Institute (ITAVI) or 259 
collected by the statistics department of the French Ministry of Agriculture, as well as professional 260 
data and expertise were used.  261 

3. Results 262 

3.1. OVALI grid for assessment of sustainability of chicken supply chains 263 

The final assessment grid comprises the three sustainability pillars (economic: ECO; social: SOC; 264 
environmental: ENV), 9 goals (G), 28 criteria (C) and 45 indicators (I) chosen, weighted and validated 265 
by the PG (Figure 3; indicators are given in Supplementary Figure A1; details on the indicators such 266 
as methodology, conversion scales, or origin of data are provided in Supplementary File S1).  267 

The viability of the chicken SC depends on the creation of value in the considered territory 268 
(ECO.G1) with improved competitiveness (ECO.C1), profit for every SC link (ECO.C2), and the 269 
creation of local jobs (ECO.C3). Strong links between the industry and the market (ECO.G2) require 270 
meeting consumers’ expectations in terms of price and organoleptic quality (ECO.C4), improving 271 
dialogue between production operators (ECO.C5), and continuous adaptation through innovation 272 
(ECO.C6). Moreover, national food self-sufficiency (ECO.G3) relies on chicken production (ECO.C7) 273 
and the SC should be self-sufficient in vegetal proteins for animal feeding (ECO.C8). 274 



Sustainability 2020, 12, x FOR PEER REVIEW 8 of 22 

Meeting citizens’ expectations (SOC.G1) implies selling products of good sanitary and 275 
nutritional quality (SOC.C1) that are not too expensive (SOC.C2). In response to current ethical issues, 276 
improving communication on product origin (SOC.C3) and respecting animal welfare (SOC.C4) are 277 
essential. Social acceptance of poultry production (SOC.G2) is illustrated by job attractiveness in the 278 
SC (SOC.C5) and recognition by the society (SOC.C6) but it also requires crisis management 279 
(SOC.C7). Moreover, the link between the industry and the territory can be improved (SOC.G3) by 280 
encouraging operator integration within their region (SOC.C8), operator involvement in local life 281 
(SOC.C9) and political commitment (SOC.C10). 282 

Optimization of resources management (ENV.G1) means optimizing non-renewable resources 283 
(energy, phosphorus) and water use (ENV.C1, C2 and C3), as well as preserving the genetic diversity 284 
of the resources used to produce chicken meat (ENV.C4). Controlling environmental impact 285 
(ENV.G2) means limiting air emissions (ENV.C5), preservation of water and soil quality (ENV.C6) 286 
and using by-products (ENV.C7). Finally, the good integration of production equipment into the 287 
landscape (ENV.C8), low impact of production equipment on the environment (ENV.C9) and 288 
protection of flora and fauna (ENV.C10) guarantee the preservation of natural habitats (ENV.G3). 289 

3.2. Sustainability of Label Rouge and conventional standard chicken supply chains in the Pays-de-la-Loire 290 
region 291 

Results on the pillar, goal, and criterion levels for the assessments of Label Rouge (LR) and 292 
conventional standard (STD) SC are given in Figure 3. Results on the indicator level are given in 293 
Figure A1. Both LR and STD SC obtained rather good sustainability scores on the economic and 294 
environmental pillars, even though the maximum sustainability grade (A+; >151 points) was not 295 
reached (LR: B and A, respectively; STD: B for both pillars). However, LR performed better on the 296 
social pillar with a B grade, whereas STD SC was only graded C. Progresses in both SC can therefore 297 
be made and solutions found to improve these results. To that purpose, the analysis of the results at 298 
criteria level (Figure 3) helps to improve understanding of the pillar results, and identify where the 299 
improvement margins might be.  300 

The economic performance levels of LR and STD SC were contrasted as shown with the score 301 
for the pillar (111 and 91 points, respective; Figure A1) and the number of “red criteria” (2 and 5; 302 
Figure 3). Both SC produced chickens, which met consumers’ expectations in terms of price and 303 
organoleptic quality (ECO.C4), but profitability for SC operators was poor (ECO.C2) and there were 304 
few innovations in the SC (ECO.C6). Both SC were creating many local jobs in the Pays-de-la-Loire 305 
region (ECO.C3). A lack of competitiveness was identified in the STD SC (ECO.C1), associated with 306 
high dependence on imported vegetal proteins (soybean meal) for animal feeding (ECO.C8), mainly 307 
because of the high protein requirements of fast-growing chickens. This lack of competitiveness also 308 
explains the low score for the ECO.C7 criterion (“Ensure national self-sufficiency in poultry 309 
products”), as the STD SC is facing strong European and world competition whereas LR chicken is a 310 
specific French product, mostly sold in the French market [22]. Unexpectedly, both SC were found to 311 
make very few investments for research and development and the development of innovative tools 312 
and services (ECO.C6; Figure A1). 313 

The differences in levels of social performance between the LR and the STD SC were marked, as 314 
shown in Figure 3. While only one criterion scored below 50% of the maximum score (i.e. “red 315 
criteria”) in the LR SC, half of them were below 50% in the STD SC (Figure 3). Both SC produce 316 
products with high sanitary and nutritional qualities, in agreement with consumers’ expectations 317 
(SOC.C1), at affordable prices (SOC.C2). However, in both SC, it appeared that poultry stakeholders 318 
are not sufficiently involved in local life (SOC.C8), and that creating news farms or enlarging existing 319 
ones is very difficult, even in the LR SC (SOC.10). This “weak” relationship with the territory is also 320 
stressed out through the SOC.I12 (Figure A1), with no local supply of chicken meat to mass catering 321 
operators. Furthermore, LR SC had several assets such as better communication regarding the origin 322 
of products (SOC.C3). The main reason for this, is that “Label Rouge” is an official quality sign, 323 
acknowledging the higher organoleptic quality of the product (in relation with the use of a slow-324 
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growing genetic strain, the outdoor access, and the feed specifications), as well as greater compliance 325 
with animal welfare (SOC.C4) due to the outdoor access for the animals. 326 

Most of the environmental criteria scored above 50% of the maximum score in the LR and STD 327 
SC (9 and 7 over 10, respectively; Figure 3). Both SC were characterized by good use of non-renewable 328 
resources such as phosphorus (ENV.C2) and by-products in chicken diets (ENV.C7), with moderate 329 
impact on soil, water and landscape quality (ENV.C6, C8 and C9). However, some differences 330 
between the two SC emerged. Environmental performance at the product scale (using a life-cycle 331 
approach; see Supplementary File S1 for details), the STD SC appeared to be more efficient when 332 
considering energy consumption and greenhouse gas emission (ENV.C1 and C5, respectively), 333 
related to the lower feed conversion ratio of chickens produced in this SC. In contrast, this SC was 334 
found to consume more water (ENV.C3) than the LR SC. Genetic diversity in chickens used for 335 
selection is very low in the STD SC compared to the LR SC (ENV.C4). Efforts should be made to 336 
improve the diversity of natural fauna and flora (ENV.C10) both on production sites (e.g. farms) and 337 
in countries producing imported feedstuffs (soybean or palm oil). On the opposite, the agrological 338 
infrastructures associated to the outdoor runs represent a real asset for the LR SC compared to the 339 
SC one (Figure A1). 340 

3.3. Conception and assessment of an innovative scenario to improve the conventional standard chicken supply 341 
chain in the Pays-de-la-Loire region 342 

As reported by the PG during the construction of the assessment grid, and confirmed by analysis 343 
of the case study assessment, the STD SC lacks competitiveness, especially compared to similar 344 
products produced in other European countries (e.g. Poland and Germany [22]). Moreover, this SC is 345 
strongly dependent on the importation of soybean meal used for chicken feeding. Based on these 346 
results, we designed innovations at farm level and combined them in an innovative system to 347 
optimize STD production with low soybean use, called STD+. The main changes compared to the 348 
initial STD SC were (see Table B1 for more details): 349 

 production of heavier birds (2.48kg at 43 days) with intermediate slaughter of part of the 350 
flock at 1.83 kg (35 days; 27% of the flock) to meet French market criteria In this scenario, the 351 
animal density was reduced at 22.2 birds/m² in order to remain below the regulatory 352 
threshold of 39 kg/m²; 353 

 renovation of existing chicken houses and construction of one additional house to obtain 354 
greater total surface area (3 × 1300 m²) for economies of scale in farms, with concrete floors, 355 
improved wall insulation and heat recovery ventilation to reduce energy consumption (low-356 
energy houses); 357 

 changes in chicken diet characteristics for better expression of genetic potential of birds, 358 
especially the improvement of breast meat yield (+1.5 g digestible lysine and -50 kcal 359 
metabolizable energy per kg of diet); 360 

 decreased use of soybean meal in the diets fed to chickens (by about 70%), the remaining 361 
soybean meal being produced in France. 362 

The results of the assessment of the STD+ system with the OVALI grid are presented in Figures 363 
3 and A1. At the pillar level (Figure 3), the scores of the three pillars were largely improved (+15 to 364 
+25%) but only the grade of the social pillar was changed from C to B. At the criteria level, the scores 365 
of 10 criteria were positively affected by the scenario hypotheses (and one negatively), but changes 366 
were observed in only seven of them when using the representation code (Figure 3; six positively 367 
affected, and one negatively). Among the positively affected criteria, four were “top-priority” criteria 368 
for improvement in the STD SC (i.e. “red criteria”, Figure 3). The ENV.C6 criterion was negatively 369 
affected, mostly because of the changes in the feedstuffs used in the chicken diets, leading to an 370 
increase in acidification and eutrophication by 10% (data not shown). The STD+ system increased the 371 
protein autonomy (ECO.C8) and the competitiveness of the SC (ECO.C1), in particular due to lower 372 
live weight and breast meat production costs (-2 and -10%, respectively; data not shown). In the same 373 
time, environmental criteria were improved, such as the reduction of greenhouse gas emission 374 
(ENV.C5; -27%, data not shown), the use of by-products (ENV.C7) and the preservation of 375 
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biodiversity (ENV.C10) were also improved. Finally, the social criterion SOC.C3 was markedly 376 
improved (providing information regarding product origin; Figure 3), in relation with the possible 377 
improved image of the production due to the non-use of imported soybean meal. 378 

4. Discussion 379 

4.1. A co-constructed and shared vision of sustainability in chicken supply chains  380 

The aim of this study was to develop and test a method to help stakeholders tackling 381 
sustainability issues in chicken SC [2]. In order to capture the different perceptions and expectations 382 
of stakeholders along the SC, the OVALI grid was developed using a participatory approach. For 383 
poultry production, only the study of Pottiez et al. [32] used such an approach to select and weight 384 
sustainability goals, criteria, and indicators, while in other studies, stakeholders were either never 385 
consulted or only at some development steps (Table 1). As reported by previous authors, 386 
participatory approaches are particularly relevant to i) share information and experience between 387 
stakeholders, helping them to know and understand each other better (in particular by sharing the 388 
same “language”), and thus improve their own practices. This generally results in a shared and 389 
consensual vision regarding a specific aim or issue [18-21, 43]. Therefore, at the end of the six PG 390 
meetings, the co-constructed grid can be considered as one collective vision of what goals/criteria 391 
should chicken SC meet to be sustainable. Beyond this consensual vision, there was obviously 392 
sustainability issues for which different stakeholder categories had radically different views. For 393 
instance, during the PG meeting dedicated to the weighting, the maximal score for the ENV.C10 394 
criterion (“Favor the diversity of fauna and flora”, 21 points ; Figure 3) was found to be not very 395 
important (9 points) by operators from private companies or researchers, or on the opposite, very 396 
important (25 points) by stakeholders from professional organizations. Surprisingly, the weight for 397 
this criterion given by GNOs stakeholders was found to be intermediate (15 points). Besides, the three 398 
focus groups organized to “enlighten” the PG members provided us also very interesting elements. 399 
For instance, in the two focus groups with consumers, it is worthy to mention that even if consumers 400 
tend to give importance to some sustainability issues (e.g. origin of products or animal welfare), the 401 
words “sustainability” or “sustainable development” were never pronounced by the participants, 402 
proving that these concepts can still be perceived as fuzzy or unclear [44]. 403 

Table 1. Comparison of different methods to assess the sustainability of poultry production. 404 

 
de Boer and 

Cornelissen [27] 

Mollenhorst et al. 

[28] 

Bokkers and 

de Boer [29] 

Castellini et al. 

[30] 

Pottiez et 

al. [32] 
Rocchi et al. [31] this study 

Scale Production unit1 Production unit1 
Production 

unit1 
Production unit1 

Supply 

chain 
Production unit1 

Supply 

chain 

Participatory 

approach 
No 

Yes 

(sustainability 

issues selection)2 

No 

Yes 

(only to rank 

indicators)2 

Yes 

Yes 

(only to rank 

indicators)3 

Yes 

Product Eggs Eggs Chicken Chicken 
Eggs 

Chicken 
Chicken Chicken 

Production type 
Non-organic 

Organic 

Non-organic 

Organic 

Non-organic 

Organic 

Non-organic 

Organic 
Organic 

Non-organic 

Organic 

Non-

organic 

Number of 

indicators 
8 15 19 24 47 19 45 

Weighting of 

indicators 
No No No 

Yes 

(ranking with 3 

priority levels) 

Yes 

Yes 

(ranking with 3 

priority levels) 

Yes 

Data used to 

perform the 

assessment 

Literature 

National datasets 
Farm data 

Literature 

National 

datasets 

Farm data 

Literature 

Literature 

National 

datasets 

Surveys 

Farm data 

Literature 

Literature 

National 

datasets 

Surveys 

1 Production unit: chicken house (+ outdoor run for free-range systems) 405 
2 Selection by SWOT analysis by Mollenhorst et al. [45]. 406 
3 Three categories of stakeholders: scientists, consumers, and producers. 407 
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While several studies previously approached sustainability of poultry production by only 408 
considering the poultry production unit level (i.e. the chicken house and the outdoor run, in free-409 
range systems) [27-31], this study proposes, such as the AVIBIO method [32], an approach designed 410 
to assess the sustainability of a whole SC (Table 1). This is particularly relevant for chicken production 411 
since SC are highly structured, with numerous relationships between SC links, meaning that changes 412 
occurring for one SC link can have induced effects on other SC links [14-16]. For example, increasing 413 
the slaughter weight/age in chicken farms in the STD+ scenario had positive consequences in 414 
slaughterhouses as chickens will have a higher breast meat yield (Table B1). However, since the study 415 
scale is larger, this also implies filling in a larger set of indicators compared to farm-scale approaches 416 
(≥45 vs. 8-24; Table 1), thus assessing case studies or scenarios could be perceived as difficult and/or 417 
long. This approach should therefore be carried out in a collective effort by several SC operators, 418 
rather than by an isolated operator. 419 

The study scale of the OVALI method also allows considering more sustainability issues, ones 420 
that are not relevant on the farm scale. Thus, compared to methods such as those of Bokkers and de 421 
Boer [29] or Castellini et al. [30], new issues have been included in the OVALI method. For instance, 422 
in the economic pillar, the issues of communication and innovations in the SC (ECO.C5 and ECO.C6, 423 
respectively; Figure 3) are taken into account in the OVALI method. Similarly, as chicken SC are 424 
associated to a territory, new issues dealing with the relationships between the SC and the territory 425 
have also been considered. They concern for instance, the creation of jobs, the local political support 426 
of poultry farmers (i.e. for new installations or expansion requests) or the landscape integration of 427 
chicken houses (ECO.C3, and SOC.C1, and ENV.C8, respectively; Figure 3). 428 

Table 1. Comparison of different available methods to assess the  429 
sustainability of poultry production. 430 

 
de Boer and 

Cornelissen [27] 

Mollenhorst et al. 

[28] 

Bokkers and 

de Boer [29] 

Castellini et al. 

[30] 

Pottiez et 

al. [32] 
Rocchi et al. [31] this study 

Scale Production unit1 Production unit1 
Production 

unit1 
Production unit1 

Supply 

chain 
Production unit1 

Supply 

chain 

Participatory 

approach 
No 

Yes 

(sustainability 

issues selection)2 

No 

Yes 

(only to rank 

indicators)2 

Yes 

Yes 

(only to rank 

indicators)3 

Yes 

Product Eggs Eggs Chicken Chicken 
Eggs 

Chicken 
Chicken Chicken 

Production type 
Non-organic 

Organic 

Non-organic 

Organic 

Non-organic 

Organic 

Non-organic 

Organic 
Organic 

Non-organic 

Organic 

Non-

organic 

Number of 

indicators 
8 15 19 24 47 19 45 

Weighting of 

indicators 
No No No 

Yes 

(ranking with 3 

priority levels) 

Yes 

Yes 

(ranking with 3 

priority levels) 

Yes 

Data used to 

perform the 

assessment 

Literature 

National datasets 
Farm data 

Literature 

National 

datasets 

Farm data 

Literature 

Literature 

National 

datasets 

Surveys 

Farm data 

Literature 

Literature 

National 

datasets 

Surveys 

1 Production unit: chicken house (+ outdoor run for free-range systems) 431 
2 Selection by SWOT analysis by Mollenhorst et al. [45]. 432 
3 Three categories of stakeholders: scientists, consumers, and producers. 433 

Finally, as previously mentioned, the AVIBIO method [32] is the only other sustainability tool 434 
dealing with sustainability of poultry SC. When comparing the two methods, it can also be observed 435 
that sustainability issues differ. For instance, in the AVIBIO method [32], the concept of “naturality” 436 
[46] of the production is considered in a dedicated criterion (social pillar), whereas in the OVALI this 437 
concept is no longer explicitly present (i.e. mentioned in a goal or a criterion). On the opposite, the 438 
issue of innovation and investment in the SC is considered in the OVALI method (ECO.C6), but not 439 
in the AVIBIO one [32]. This illustrates that, even if the studied object is the same (i.e. a chicken SC), 440 
both final grids are the “subjective vision” of the people involved in the co-construction process (i.e. 441 
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a limited number of French stakeholders). Thus, the goals and criteria (and their weighting) may have 442 
been different in other political, socio-economic, and environmental contexts or with different 443 
stakeholders in the PG [30, 47]. This could also slow down the acceptance of the OVALI results by 444 
stakeholders who did not take part to the co-construction process. 445 

In particular, this method was developed between 2012 and 2014. The grid therefore reflects the 446 
concerns of stakeholders at this precise time. For example, in the social pillar, the PG only distributed 447 
21 points (over 180) for animal welfare criteria (C4; Figure 3), which can be explained by two factors. 448 
Firstly, animal welfare GNOs were not involved in the PG during the co-construction of the grid 449 
(even though those organizations were consulted in the “SC-society” focus group). Secondly, at the 450 
time of the OVALI project, animal welfare was already a concern, but not as important as it is today. 451 
Since the end of the OVALI project, many efforts have been carried out both by SC operators to 452 
improve chicken welfare, such as the use of perches and natural light in chicken houses, the use of 453 
more robust genetic strains with lower growth rates, or improved stunning practices before slaughter 454 
[48-50]. In the same time, the pressure from GNOs for higher animal welfare has increased (e.g. the 455 
European Chicken Commitment approach [51]). 456 

Therefore, it is very likely that if the members of the PG were asked today to select 457 
objectives/criteria and weight them, the objective and goals of the OVALI would remain the same, 458 
but with a different weighting (and probably a different indicators set). In particular, a higher weight 459 
(i.e. more points) would be given to the issue of animal welfare. This raises therefore the question of 460 
the validity over time of the OVALI approach (as for any other sustainability assessment method): 461 
sustainability issues should be reconsidered from time to time, to account for the evolution of socio-462 
economic context, societal expectations, and controversies. However, in the future, the consultation 463 
of stakeholders to update the OVALI assessment grid is quite conceivable. 464 

 Furthermore, all stakeholders should thus be able to identify their own interests in the 465 
assessment grid, and should be encouraged to use the OVALI method as diagnostic, action, and 466 
communication tool, especially by undertaking autonomous improvement processes [17]. Moreover, 467 
comparatively to the “priority levels” in Castellini et al. [30] and Rocchi et al. [31], it is very likely that 468 
the OVALI weighting system (i.e. points) allows a finer ranking of goals/criteria within a pillar, all 469 
the more so the weighting was defined collectively by PG stakeholders (Table 1).  470 

Finally, it can be assumed that the different concepts taken into account in the OVALI grid (i.e. 471 
goals and criteria) are generic enough to be considered as relevant for the sustainability assessment 472 
of poultry SC other than chicken ones (turkey, eggs, etc.). However, this would probably require 473 
some changes at the indicator level to propose indicators specific of the considered production and/or 474 
to adapt the conversion scales initially developed for chicken.  475 

4.2. A method for diagnosis, innovation, and continuous progress in supply chains 476 

The OVALI grid was developed to be generic in order to assess, with the same method, very 477 
different chicken SC such as the LR and STD SC presented in this study (Figures 1 and 3; Figure A1). 478 
However, it is important to note that this method was initially developed to identify strengths, 479 
weaknesses and improvement margins of a given SC, rather than to compare/rank different SC. 480 
Analysis of the sustainability scores obtained at pillar or criterion levels (Figure 3) should therefore 481 
indeed help users to identify the strengths and weaknesses of the SC studied. To that purpose, the 482 
best level of analysis is probably the criterion one (Figure 3) because pillar or goal levels might be too 483 
integrative while the indicator level is probably too complex, given the number of indicators in our 484 
method. Furthermore, representation of criterion scores using a visual representation code (Figure 3) 485 
should provide rapid visualization of “top-priority” criteria which have to be improved, especially 486 
red ones where scores are below the average (i.e. <50% of maximum score). This representation also 487 
allows the identification of negative consequences when evaluating innovations. Indeed, in the STD+ 488 
scenario (comparatively to STD scenario), the ENV.C6 criterion was impaired (Figure 3), due to the 489 
decrease of ENV.I8 and ENV. I9 (Figure A1). However, this negative effect was compensated by the 490 
improvement of other criteria (e.g. ENV.C7) so that the final grade of the pillar remained the same 491 
(i.e. compensation effects within a pillar; Figure 3). 492 
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The OVALI method does not directly provide the user with solutions and proposals for 493 
innovation, but it is a powerful framework to enable stakeholders to identify strengths, weaknesses 494 
and improvement margins in their SC. Stakeholders can then propose appropriate strategies and 495 
innovative solutions to improve these points. In the case of the STD SC described above, the analysis 496 
of criteria (Figure 3) revealed a lack of competitiveness (compared to other countries) explained by 497 
many factors, such as older and smaller production units with lower technical performances at the 498 
farm level and with smaller slaughterhouses and more expensive workforce at the slaughterhouse 499 
level [22]. Moreover, the strong dependence of poultry SC on the importation of soybean meal was 500 
also emphasized, in agreement with the literature [52]. 501 

Consequently, to improve those aspects, several changes in the current STD SC were proposed, 502 
leading to the STD+ system that was also evaluated using the OVALI grid (Figures 1 and 3). Other 503 
solutions to improve the sustainability of the STD SC were probably possible, for instance, to improve 504 
animal welfare (SOC.C4: 10 points over 21) with likely implications on the price of products and 505 
consumer’s willingness to pay [5, 53]. In this new SC, many criteria in the three pillars were improved, 506 
suggesting that there is not systematic antagonism (i.e. trade-offs) between economic, social and 507 
environmental performance. For instance, the removal of imported soybean meal in the STD+ (only 508 
7% of French soy; Figure 1) had positive consequences on the three pillars (ECO.C8, SOC.C3, ENV.C5 509 
and ENV.C10; Figure 3; Figure A1). Similarly, improving the insulation of chicken houses in the STD+ 510 
scenario is also relevant to improve simultaneously environmental and economic aspects, by 511 
reducing the energy required to heat chicken houses. Such a practice, therefore leads to the sparing 512 
of non-renewable fossil fuels and reduced energy expenses for the farmer. However, even though 513 
increasing the slaughter weight of chickens can increase mortality rate and various welfare/health 514 
issues (e.g. lameness, pododermatitis, or thermal discomfort [5, 54-57]), no change in the criterion 515 
focusing on animal welfare (SOC.C14) was observed. This may be explained by the fact that for the 516 
STD+ scenario, we were missing actual data from French operators to fill in the indicators associated 517 
to this criterion. Therefore, no (positive or negative) assumption was made regarding the effect of 518 
this farming practice. Since then, several methods to evaluate poultry welfare have been developed 519 
for poultry operators (e.g. Welfare Quality® [58], EBENE [59]). 520 

This confirms that the criterion level can be considered as very relevant to assess innovations or 521 
scenarios, as it provides identification of both improved and impaired criteria, sufficiently 522 
synthesized for practical use by stakeholders. However, even though there is no possible 523 
compensation between pillars, compensation effects within the same pillar can still occur. 524 

After the assessment step, selection of the relevant innovations (or scenarios) is a necessary step, 525 
in agreement with the stakeholders’ strategies. Yet, the STD+ system was only evaluated ex-ante in a 526 
research context by members of the OVALI core team, validated by the PG group, but not 527 
implemented by stakeholders through field application. This last step can only be carried out by 528 
stakeholders in their own SC, and decision-makers will certainly have to deal with trade-offs among 529 
the different sustainability issues [60-63]. For instance, improving animal welfare through radical 530 
changes in farming systems (such as switching from conventional to free-range or organic 531 
production) could be associated with a large increase in production costs for farmers. In that context, 532 
SC operators will be facing a trade-off between animal welfare and economic performance, and will 533 
be very likely to choose the best compromise between the two “extreme” options, such as farming 534 
systems based on birds with a slower growth rate, lower animal density and chicken houses with 535 
natural light and covered verandas (“winter gardens”) [64-65]. In that sense, the OVALI method can 536 
be seen as a trade-off analysis tool for chicken SC to increase dialogue and cooperation between 537 
stakeholders and improve decision-making processes i.e. bridging knowledge and diagnosis with 538 
action, as mentioned by Kanter et al. [63]. In the end, the final success of the OVALI method (such as 539 
other existing ones) could be measured though the changes in “field” practices or in the organization 540 
of chicken SC. 541 

Furthermore, the use of the OVALI grid in a research context is also a relevant approach for a 542 
better assessment of economic, social, and environmental consequences of promising innovations 543 
issued from research works (e.g. new feeding strategies). It should thus provide an overall view of 544 
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the potential of these results once applied in a SC. It would also theoretically be possible to design de 545 
novo SC, one that totally breaks away from existing ones [17]. In that context, modelling tools would 546 
probably be required to provide data for the indicators [66]. However, in either a SC or a research 547 
context, the use of the OVALI method is based on a large number of indicators (45; Figure A1) and 548 
thus requires data from various sources that can sometimes be difficult to collect, especially from 549 
“private” stakeholders (e.g. confidential data) [24, 39], especially compared to other existing methods 550 
(Table 1). The re-use of previous case studies and scenarios evaluated with the method should 551 
therefore be encouraged whenever possible to facilitate this difficult step.  552 

Finally, sustainability can be seen as a “direction to follow” [13], meaning that continuous 553 
improvement based on a never-ending iterative process should be preferred to a single cycle of 554 
evaluation-innovation. In the case of a continuous improvement, the innovative system would then 555 
become the new reference system to be evaluated, before being further improved [67]. In that sense, 556 
to encourage stakeholders (especially privates companies and farmers) to be proactive and to 557 
progress in that path, the PG has validated the proposition of the OVALI core-team to express 558 
sustainability goals and criteria as “action verbs” rather than “static verbs” or “nouns”. This first 559 
option naturally gave the OVALI grid a different orientation, the grid being descriptive of “what 560 
should be done/targeted” to improve sustainability in chicken SC, rather than “what is the state of 561 
the SC” or “what should be a sustainable SC”. Moreover, as mentioned by Rey-Valette et al. [68], the 562 
assessment step is crucial as it represents an opportunity for discussion and the design of a collective 563 
strategy. In other words, the created dynamic (i.e. discussion and action) as well as the chosen path 564 
are probably more important that the point of arrival [68]. 565 

Finally, it should be mentioned that this version of the grid should not be considered as “static” 566 
and that some goal/criteria should be reconsidered in the future (i.e. added/suppressed goals/criteria, 567 
maximum score changed, or changes in the conversion “indicator-score” scales), to account for the 568 
evolution of the socio-economic context. 569 

5. Conclusions 570 

The OVALI method described in this paper was co-constructed with chicken supply chain 571 
stakeholders and public representatives in a participatory approach. Through the sharing of different 572 
expertise and viewpoints, a consensual, shared assessment grid was developed. This grid is robust 573 
enough to assess various chicken supply chains in their territories. From the analysis of assessment 574 
results, strengths, weaknesses, and improvement margins can be identified. Because it considers any 575 
chicken supply chain with a holistic approach, innovative solutions can be proposed and combined 576 
in scenarios, before being assessed using the same grid. Thus, in this study, we assessed the 577 
sustainability of conventional standard and “traditional free-range” chicken productions, both 578 
located in France’s first producing area. We firstly showed LR supply chain performed well on the 579 
three sustainability pillars. Secondly, we showed that the STD supply chain was lacking 580 
competitiveness and was heavily relying on imported soybean meal. To improve those aspects, we 581 
then proposed improvement options (e.g. reduction of soybean meal use, renovation of chicken 582 
houses for energy saving purposes, improvement of nutritional strategy, etc.), with positive 583 
consequences on several sustainability criteria on the three sustainability pillars (e.g. economy: 584 
increased competitiveness; social: better acceptance of the product; environment: decrease in 585 
greenhouse gas emissions). This method could therefore help stakeholders in making their own 586 
diagnosis, finding their own solutions (i.e. improvement processes), relevant to their supply chains 587 
and their territories, with improved dialogue between stakeholders. Finally, this method could also 588 
help researchers to evaluate the consequences of research results on the three dimensions of 589 
sustainability on the SC scale. 590 

Supplementary Materials: Full description of indicators and associated conversion scales are given in 591 
Supplementary File S1, available online at www.mdpi.com/xxx/s1.  592 
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Appendix A 608 

 609 

Figure A1. OVALI grid for the assessment of sustainability of chicken supply chains. 180 points (pts) 610 
were allocated and distributed for each pillar between sustainability goals, criteria and indicators by 611 
a participating group composed of stakeholders in poultry supply chains. The final weighted grid 612 
reflects a consensual vision of sustainability in chicken supply chains. Three chicken supply chains in 613 
Pays-de-la-Loire region were assessed using this grid: “traditional free-range (labelled with the 614 
official “Label Rouge” quality sign; LR), conventional standard (STD) and optimized conventional 615 
standard with low soybean use (STD+). Blue: Goals, criteria, and indicators inspired from the AVIBIO 616 
method [32]. Green: Improvement of indicator score in STD+ scenario comparatively to STD. Red: 617 
Impairment of indicator score in STD+ scenario comparatively to STD. 618 

  619 
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Appendix B 620 

Table B1. Main hypotheses of the three case studies evaluated with the OVALI assessment method. 621 
“Traditional free-range (labelled with the official “Label Rouge” quality sign; LR), conventional 622 
standard (STD) and optimized conventional standard with low soybean use (STD+). 623 

 

LR STD STD+ 

Territory Pays-de-la-Loire region Pays-de-la-Loire region Pays-de-la-Loire region 

Breeding 

   

Genetic strain JA 657 Ross PM3 Ross PM3 

Hatching 

   

Distance from hatchery to farm (km) 45 200 200 

Production capacity (chicks/week) 500,000 1,700,000 1,700,000 

Feed production 

   

Soybean meal in feed (%) 20 25 7 

Origin of soybean meal Brazil Brazil France 

Distance from feed mill to farm (km) 50 50 50 

Production capacity (t/year) 160,000 - 340,000 190,000 190,000 

Chicken farming 

   

Number of chicken houses 3 2 3 

Surface per chicken house (m²) 400 1,300 1,300 

Age of chicken house (year) 8 8 8 (2 houses) 

+ 1 new house1 

Chicken house characteristics Natural ventilation Dynamic ventilation Dynamic ventilation  

with heat recovery1 

 Dirt floor Dirt floor Concrete floor1 

 Classic insulation Classic insulation Improved insulation1 

Animal density (birds/m²) 11 23.4 22.2 

Slaughter weight (kg) 2.3 1.83 1.83 (27% of the flock) 

2.48 (73% of the flock) 

Slaughter age (days) 88 36 35 (27% of the flock) 

43 (73% of the flock) 

Mortality rate (%) 1.80 4.19% 4.19% 

Average feed conversion ratio 2.98 1.73 1.71 

Breast meat yield (%) not applicable2 18.3 18.7 

Slaughtering 

   

Products ready-to-cook chicken breast meat breast meat 

Distance from farm to slaughter house (km) 50 50 50 

Slaughtering capacity (birds/week) 300,000 to 500,000 225,000 to 600,000 225,000 to 600,000 

1 In this scenario, we considered that the two existing chicken houses were renovated (insulation, floor type, heat recovery) 624 
and that one additional house with improved environmental performance (low-energy house) was built. 625 
2 LR chickens were considered to be sold as whole ready-to-cook chickens.  626 
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