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Abstract

Improving animal welfare is an important objective of the European Union’s Common
Agricultural Policy, as well as national regulations and voluntary certification schemes.
Drawing on research conducted within the BroilerNet project, this paper presents an assess-
ment of the production and economic effects of good practices in broiler farming identified
in 13 participating EU countries. The methodology involved defining key challenges re-
lated to animal welfare, health, and environmental impacts; identifying practices already
applied under commercial conditions; conducting preliminary assessments by national
expert panels; and selecting the most promising practices, referred to as Champions, for
final economic evaluation. The assessment used gross margin analysis and budgeting
techniques considering additional implementation costs and potential production benefits.
Typical farm models representing different flock sizes were developed. The analysis of

six Champions presented in the paper revealed varied outcomes depending on implemen-
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1. Introduction

Animal welfare has become an integral component of both the European Union’s
agricultural policy and its legal framework. Between 1974 and 1991, the EU progressively
introduced animal welfare legislation for different categories of farm animals, including
calves (1974), pigs (1976), and laying hens (1988), and in 1991 established general principles
for the protection of farm animals through species-specific directives and broader welfare
provisions [1,2]. A key legal instrument of this period was Council Directive 98/58/EC
concerning the protection of animals kept for farming purposes, often referred to as the
General Farm Animals Directive. The Directive established minimum standards for the
protection of farm animals and required farmers to provide appropriate housing, nutrition,
water supply, and care while avoiding unnecessary pain, suffering, or injury [3]. Alongside
the development of secondary legislation, the recognition of animals as sentient beings
gained increasing importance within EU primary law. The Amsterdam Treaty [4] intro-
duced the Protocol on the Protection and Welfare of Animals, requiring EU institutions
and member states to pay full regard to animal welfare requirements when formulating
and implementing agricultural, transport, and other relevant policies [4]. Subsequently,
the Treaty of Lisbon strengthened the legal status of animal welfare through Article 13 of
the Treaty on the Functioning of the European Union (TFEU), which explicitly recognizes
animals as sentient beings and requires the Union and its member states to pay full regard
to their welfare requirements. The general legislative framework has been complemented
by species-specific directives regulating housing conditions, stocking densities, environ-
mental enrichment, feeding systems, and management practices. In the poultry sector, an
important milestone was Council Directive 2007 /43/EC laying down minimum rules for
the protection of chickens kept for meat production [5].

The strategic dimension of EU animal welfare policy was further reinforced through a
series of action plans and strategies. The first comprehensive EU Animal Welfare Action
Plan covered the period of 2006-2010, followed by the EU Strategy for the Protection and
Welfare of Animals 2012-2015. More recently, the Farm to Fork Strategy and related policy
initiatives have provided the foundation for a renewed animal welfare agenda aimed
at improving legislation, enforcement, transparency, and sustainability across the food
chain [6].

This brief historical overview illustrates the evolution of EU animal welfare policy
from ethical concerns reflected in early treaty provisions to a comprehensive legislative
and policy framework imposing increasingly demanding welfare standards on livestock
production systems. Parallel to EU legislation, which establishes mandatory requirements,
numerous voluntary animal welfare schemes and private standards have emerged across
Europe. These initiatives, developed by independent organizations, producer associations,
or retailers, typically exceed statutory requirements and communicate welfare attributes
to consumers through recognizable labels and certification systems. Examples include
the following:

e  RSPCA Assured (United Kingdom), which focuses on requirements related to stocking
density, environmental enrichment, bedding, health management, transport, and
slaughter conditions [7].

e  Beter Leven (the Netherlands), developed by the Dutch Society for the Protection of
Animals. Through its well-known one-, two-, and three-star system, it communicates
different welfare levels to consumers and creates market incentives for farmers and
food chain actors to gradually adopt higher welfare standards [8].

e KRAV (Sweden), which promotes organic farming systems that allow animals to
express natural behaviors, including outdoor access and grazing opportunities, while
integrating animal welfare with broader sustainability objectives [9].
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e Label Rouge (France), a quality assurance scheme emphasizing slower-growing breeds,
lower stocking densities, outdoor access, and production practices that often exceed
minimum EU welfare requirements, particularly in poultry production [10].

These voluntary initiatives complement public regulation by creating market-based in-
centives for welfare improvements and responding to growing consumer demand for prod-
ucts produced under higher animal welfare standards. Compulsory standards, voluntary
schemes, and consumer expectations jointly create a specific and evolving policy-market
framework within which food producers face new and increasingly complex challenges.
Adapting to these challenges requires changes in existing production methods and the
search for innovative solutions. Traditionally, the pursuit of innovation has been, and
still remains, the role of science. However, input suppliers and farmers themselves are
increasingly contributing to this process.

The adoption of innovations depends on the effectiveness of the innovation diffusion
process. According to Rogers [11] the adoption process involves a sequence of stages
through which potential users progress, including knowledge, persuasion, decision, imple-
mentation, and confirmation.

These stages correspond broadly to the earlier concepts of awareness, interest, evalua-
tion, trial, and adoption described in the pioneering work of Ryan and Gross [12]. Rogers
emphasized that interpersonal communication and peer-to-peer learning become especially
important during the persuasion and decision stages. More recently mission-orientated
innovation systems are purported to enable transformative change [13].

The implementation of good practices in broiler production is widely recognized as
desirable and consistent with sustainable development principles [14]. Their adoption is
expected to generate multiple benefits, including not only improved animal welfare but
also better flock health, more stable production performance, and reduced environmental
impacts [15,16].

The ambition of the BroilerNet project was to create a platform for interaction between
science and practice to improve the resilience of the broiler sector by creating innovation
networks sharing good practices related to current challenges regarding animal welfare,
animal health, and environmental sustainability. Building on the project’s research, this
paper aims to strengthen this connection by presenting the results of an evaluation of
selected best practices improving animal welfare, with a particular focus on their economic
impacts when implemented on commercial broiler farms in various EU countries. The
study is expected to help address the existing knowledge gap by increasing awareness of
available technological solutions and management practices that improve broiler chicken
welfare, as well as their effects on broiler farm performance, contributing to the resilience
and sustainability of the European broiler sector.

2. Materials and Methods

The starting point in the process of identifying and evaluating animal welfare im-
provement practices was the determination of key challenges faced by the broiler chicken
sector in European Union countries. These challenges served as guidelines for identifying
innovative solutions (“good practices”) implemented on commercial broiler farms, which
were subsequently assessed within the conceptual framework presented in Figure 1.

Identifying challenges was the first step in the process of defining and evaluating
good practices aimed at improving broiler chicken welfare. For this purpose, 13 Broiler
Innovation Networks (BINs) were established in the partner countries to identify the
most urgent innovation needs and challenges across three key themes: environmental
sustainability, animal welfare, and animal health management. The BINs included broiler
farmers and farmers’ organizations, integrator companies, advisors, veterinarians, and
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researchers. In the next step, they were responsible for collecting innovative ideas and
good practices (GPs).

At the European level, Thematic Expert Networks (TENs) composed of practitioners
and researchers were established to evaluate the innovative ideas and practices identified
by the BINs, including cost-benefit economic assessments. Sharing knowledge and dissem-
inating practice-ready solutions constitute the final step within this framework. BroilerNet
team members were actively involved in identifying practices that addressed the chal-
lenges formulated at the start of the project. This consultation process was repeated three
times over four successive years and resulted in the collection of a total of 341 practices
in three thematic areas: animal welfare, health management, and environment. In the
animal welfare area, farmers and project team members proposed 112 practices addressing
eight challenges (Table 1). The full list of best practices for animal welfare can be found in
Vonholdt-Wenker et al. [17].

Table 1. Classification of good practices according animal welfare challenges.

Share in the . .
Challenge Total Number Action Areas Specific Welfare Ben.e fits of GP
Implementation
of GPs
Climate control; monitoring; Thermal comfort, improved housing
Barn climate 17.1% litter management; welfare conditions, and early detection of welfare
support problems
. . . Improved staff competencies, reduced
.. o Training; e-learning; audits; L Lr ;
Farmer training 14.4% : injuries and handling stress, and welfare
handling procedures . .
program implementation
Genetics and Welfare-oriented selection; Improved adaptation of rearing
7.2% housing adaptation; breeding conditions and selection criteria for

Breeding

management

animal welfare requirements

On-farm welfare
assessment and

Al and sensor monitoring;

Early detection and objective assessment

10.8% welfare indicators; of welfare, fast response to problems

management self-assessment related to welfare that arise
Young chick . Microclimate; early feeding; Supportmg chicks in their first days of l}fe,
12.6% . leading to reduced stress, lower mortality,
management survival support . . .
and improved final rearing results
Mechanization; training and e .
Stress and damage o L Reduced injuries, handling stress, and
. 14.4% team organization; stress .
from catching . number of manual actions
reduction
. o Photoperiod; LED; Improved behavioral welfare and
Light management 9.0% natural/full-spectrum light biological rthythm
Stress ;rf:;igement 14.4% Fasting reduction; catching Improved staff organization, reduced
catching/thinning procedures; equipment pre-slaughter stress and damage
Total 100% — —

The Good Practice Evaluation Tool was used to identify the best practices among all
of those collected in the countries involved in the project. The evaluation was based on a
set of criteria designed to determine the extent to which each practice addressed a specific
challenge and the potential for measuring its impact on broiler farm performance. Practices
were assessed and scored against the following criteria.
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Figure 1. Conceptual framework for assessing good practices that improve broiler welfare.

Technical excellence

Assessment of the quality of the practice (includes the clarity, level of detail, and
technical validity of the GP; the robustness and the extensiveness of the scientific evidence
behind the GP; the degree of innovation/novelty of the GP; the extent to which the GP has
been tried, tested, and refined).

Impact

Assessment of the impact (includes the extent to which the GP addresses one or more
of the challenges highlighted by the BINs; the extent to which the agricultural practice has a
positive economic, social, and environmental impact at farm level; the extent to which there
is a positive impact on animal health and welfare and/or environmental sustainability; the
duration of the potential /actual impact resulting from the GP; the relevance and benefits of
the GP for the sector as a whole).

Exploitability

Assessment of the feasibility and uptake potential of the practice (includes feasibility
and ease of adoption of the GP by other farmers; scalability of the GP; transferability of
the GP to other contexts/farming systems/countries; the speed at which the GP can be
exploited (in the short, medium, or long term)).

With reference to the criteria above, each practice was evaluated according to the
guidelines presented in Table 2.

Table 2. The scoring guidelines for the evaluation of practices collected.

0—Negative The practice cannot be assessed due to missing or incomplete information.
1—Poor The practice is inadequately described, or there are serious inherent weaknesses.
2—TFair The practice broadly addresses the criterion, but there are significant weaknesses.
3—Good The practice addresses the criterion well, but a number of shortcomings are present.
4—Very Good The practice addresses the criterion very well, but a small number of shortcomings are present.

5—Excellent = The practice successfully addresses all relevant aspects of the criterion. Any shortcomings are minor.

The final selection of the top 24 best practices was based on a ranking list constructed
according to the total number of points allocated to each practice. The selection process
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was carried out by the members of the Thematic Expert Networks (TENs) through the
following steps:

1.  Filtering out practices that do not clearly address the challenges under consideration;

2. Scoring and providing brief comments on the 10 best practices selected individually
by each TEN expert;

3. Calculating the average score for each good practice selected by all TEN experts and
ranking the highest-performing practices;

4.  Discussing and ranking the top five best practices at the TEN discussion meetings The
authors deleted the text before the words.and selecting the highest-scoring “Champi-
ons” through a structured expert assessment.

2.1. Defining Impacts

Assessing the impacts of good practice implementation on animal welfare and pro-
duction performance constituted an intermediate step in estimating economic outcomes.
Improvements in animal welfare are inherently difficult to quantify, and their contribution
to the economic performance of broiler farms can often be assessed only indirectly through
the identification of potential benefits and additional costs associated with implementation.
Table 3 presents examples of potential impacts that may result in changes in production
volume, input use, and production costs. Adjustments in broiler and input prices may also
need to be considered when a good practice requires higher-quality inputs or improves
broiler quality, thereby enabling farmers to achieve premium market prices.

Table 3. Potential farm-level impacts of implementing good practices.

Production Inputs/Costs Prices
Feed conversion rate Feed composition Broilers
Mortality Labor Inputs
Length of the cycle Veterinary services Labor
Daily weight gains Biosecurity
Meat quality Additional (new) inputs

Investments in fixed assets

Broiler farms in which the analyzed practices had been implemented were the primary
source of information on the actual implementation process, including additional inputs
and costs, as well as outcomes observed by farmers and their advisors. This information
formed an integral part of the standardized descriptions of each practice and served as the
basis for formulating assumptions for the economic analyses. However, farm-level data
were in some cases incomplete or available only in a descriptive form, as systematic and
continuous measurements were not carried out on many farms. Farmers frequently rely
on personal observations and it is uncommon to have standardized monitoring systems
across such a range of farming systems. They may observe changes such as lower mortality,
fewer disease outbreaks, or reduced veterinary interventions, but these observations are
not always recorded quantitatively or consistently, particularly when data collection is
conducted for purposes other than the formal evaluation of implementation outcomes.
As a result, available datasets may be incomplete and may not fully capture causal re-
lationships. Reliance on self-reported data can also introduce systematic measurement
bias, whereby reported values deviate from actual values through either overestimation
or underestimation.

When farm-level data are insufficient, economic analyses typically draw on multiple
sources of information, including experimental and pilot studies, the peer-reviewed scien-
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tific literature, and expert judgment [18]. Therefore, the following additional information
sources were used in the study:

1.  Agricultural advisors and veterinarians involved in the practical implementation of
the analyzed practices;

2. Scientific experts;

3. Published studies reporting the results of scientific experiments.

To reduce the potential consequences of incomplete data and measurement bias,
particularly where available information did not provide precise parameter values but only
indications for defining plausible ranges of outcomes, a sensitivity analysis was conducted.
Following OECD recommendations [18,19], multiple scenarios were estimated instead of
relying on single-point outcome estimates.

The gross margin (GM) was the key indicator used to assess the financial performance
of broiler farms following the implementation of animal welfare improvement practices.
It was calculated as the difference between revenues from broiler sales and the direct
costs attributable to broiler rearing. The economic impacts were assessed using the partial
budgeting method. Under this approach, only revenue and cost components that changed
as a result of implementing a specific practice and consequently increased or decreased the
gross margin were considered.

The assessments were conducted using typical farm models constructed to represent
the most common types of broiler farms in each country participating in the BroilerNet
project. The typical farm concept is widely used in agricultural economic analysis because
the sector comprises a large number of heterogeneous farm businesses that differ in size,
resource endowment, production structure, technologies applied, and natural farming
conditions [20,21]. Typical farm models make it possible to capture this diversity while
providing a consistent basis for comparative economic analysis. The set of typical farm
models developed for the 13 countries included three production systems (conventional,
free range, and organic) and four broiler flock size categories (small, medium, large,
and very large). Each farm model solution consisted of a set of technical and economic
performance indicators.

The data used to construct the models were collected in 2022 by the project partner
representing each country. The resulting 2022 baseline models served as a reference against
which the modeled outcomes incorporating the assumed effects of implementing the
selected good practices were compared.

2.2. Selected Animal Welfare Practices and Assumptions for Economic Assessments

Table 4 presents the animal welfare improving practices selected for inclusion in this
paper. Practices GP01-GP04, and GP06 were nominated animal welfare “Champions”. The
GPO05 practice, champion in the category of environmental impacts, was added due to its
animal welfare and health effects. These cases were identified as the most innovative and
impactful, demonstrating significant improvements in animal welfare while also generating
meaningful changes in revenues or costs, which lie at the core of economic assessment.

Table 5 provides a brief description of the animal welfare “Champions,” including the
activities, tools, and specific inputs involved in their implementation, as well as information
collected from farmers and their advisors regarding the observed effects.

The following subsections present the detailed parameters used for estimating the
economic effects of implementing the analyzed practices within the respective typical farm
models. These parameters were developed based on practice descriptions, expert and scien-
tific knowledge, and, in particular, accumulated experience and relevant literature sources.
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Table 4. Selection of good practices responding to animal welfare challenges.

Code Title Country *
CPo1 Interventions providing straw and natural light in broiler houses based on the France
EBENE self-assessment tool
GP02 Package of measures to minimize stress and injuries while catching broilers Greece
GP03 Preheating the poultry house France
GPo4 Elevated platforms to mitigate negative effects of genetic selection for rapid Spain
growth on lameness
GP05 Litter aeration and litter addition France
GP06 Stocking density reduction and the Foot Health Program Sweden
* Country from which the good practice was submitted.
Table 5. Description of good practices responding to animal welfare challenges.
Code Title of the Good Practice (Champion) Effects Obse'rved by Farrr}er
Recommending the Practice
GPo1 Providing straw and natural light in broiler houses based on the EBENE self-assessment
The EBENE application is a tool designed to conduct structured welfare
assessments using a detailed questionnaire and observational protocols that Promoting active behaviors
assess various aspects of poultry welfare (e.g., access to feeders, drinkers, (e.g., foraging, dust bathing,

perches, space availability, mortality rates, enrichment, farmer practices, and  positive social interactions among
sexing). It can be used to diagnose and identify areas requiring improvements.  the broilers) and improving litter
Specific activities undertaken based on conclusions of the evaluation were the quality, thereby reducing the
addition of enrichment (bales of straw) and installing windows to provide incidence of footpad dermatitis.
natural light entering the broiler house.

GPo02 Package of measures to minimize stress and injuries while catching broilers

The package of measures includes the following activities:

Training collection personnel in proper handling of broilers;

Providing antioxidants and electrolytes to the broilers 24 h before catching; ~ Mitigating stress and reducing
Conducting regular welfare inspections to ensure proper collection and injuries due to creation of a
loading practices; calmer environment.
Using blue light during collection;

Creating more collection points to minimize handling time.

GPo03 Preheating of the poultry house

Heating starts 36 h before introducing the chicks (72 h if the ground is frozen in
the winter). The temperature is gradually increased to the optimal level
(30-32 °C) measured at chicks’ level. After removal of excessive moisture
through ventilation, litter is added.

Preheating reduces stress and
facilitates initial adaptation to the
broiler house environment.

GPo4 Elevated platforms to mitigate negative effects of genetic selection for rapid growth on lameness

It reduces footpad dermatitis,
hock burns, and walking
difficulties, even at a high

The practice consists of installing elevated resting places (platforms), stimulating
natural behaviors, and improving broiler comfort. It is assumed that one
platform with an area of 2.1 m? is provided for every 5000 broilers.

stocking density.
GPO05 Litter aeration and litter addition
Aeration improves broiler welfare
The practice includes litter aeration, which may be carried out every five days by maintaining drier litter
until the chickens reach 20 days of age, as well as the addition of fresh litter, conditions and reducing
particularly in areas that are moist or have become caked. ammonia concentrations within

the broiler house.
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Table 5. Cont.

Effects Observed by Farmer

Code Title of the Good Practice (Champion) Recommending the Practice
GP06 Stocking density reduction and the Foot Health Program
The practice aims to reduce footpad dermatitis by requiring a reduction in Productivity and financial

stocking density when slaughterhouse inspection results exceed the minimum  performance were evaluated by
threshold score. Because no farm-level intervention was reported, the impacts of ~ considering the positive effects of
reducing stocking density to different levels were assessed separately from lower stocking density on broiler
other measures. welfare and health.

In line with the adopted sensitivity analysis framework, three scenarios were devel-
oped for each practice: A (optimistic), B (moderate), and C (pessimistic). The scenarios
differ primarily in the magnitude of the expected benefits resulting from the implementa-
tion of a given practice, while the associated implementation costs exhibit relatively smaller
variation across scenarios.

2.2.1. Assumptions for GP01 Model: Providing Straw and Natural Light in Broiler Houses

Table 6 presents the parameters used to model the implementation of activities identi-
fied through the self-assessment of animal welfare using the EBENE diagnostic tool.

Table 6. Assumptions for the economic evaluation of recommended actions based on EBENE diagnostics.

Benefits Inputs
ITEM A B C A B C
Higher weight gain (g/broiler) 30.0 20.0 10.0
Premium price (%) 5.0 0 0
Veterinary costs (%) —1.50 —1.25 -1.0
Additional labor for litter (hours) 6.0 6.0 6.0
consumpion (%) 50 50 50
Savings on energy use (%) —10.0 —7.5 =5.0
Additional litter (EUR /broiler) 0.005 0.005 0.005
Investment to provide 25 25 25

natural light (EUR/ m?)

The proposed practice concerns the application of a diagnostic tool, EBENE, whose
significance extends beyond the mere observation of production practices. Active engage-
ment of farmers in reflecting on animal welfare issues can motivate them to undertake
activities that improve the welfare of farm animals [22-25], which may in turn have a
positive impact on productivity and financial performance. The main benefits considered
in the model were improved weight gain and reduced energy costs resulting from lower
electricity consumption due to the provision of natural light in buildings. In addition, the
optimistic scenario included a price premium associated with improved animal welfare.

Investments required to provide natural light in broiler houses are substantially less
expensive in newly constructed buildings where windows are incorporated into the original
design [26,27]. For the cost-benefit analysis for this practice, a higher value of investment
was assumed, considering retrofitting of existing buildings.
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Literature review supporting assumptions for modeling

The practice has a rather moderate impact on production performance, as the evidence
is more consistent for activity and behavioral expression. Bailie et al. [28] found that
the provision of natural light reduced the time broilers spent lying and improved gait
scores and latency-to-lie, whereas the effects of straw bales alone were more limited and
varied with bird age. The welfare benefits of straw bales may therefore be enhanced when
they are combined with natural light or other forms of environmental enrichment [28,29].
Research indicates that natural light can stimulate walking, exploration, foraging, and
other active behaviors and may improve certain indicators of leg health. However, its
effects on production performance and other welfare outcomes are not consistent across
studies. Bailie et al. [28] reported improved gait scores and latency-to-lie, while de Jong
and Gunnink [29] found increased walking, exploration, and foraging but no significant
effects on lameness, footpad dermatitis, hock burn, injuries, or production performance.
Fouda et al. [30] observed a higher body weight at five weeks of age but less significant
effects on overall weight gain, feed consumption, feed conversion ratio, and footpad
dermatitis. The benefits of natural light are more consistently associated with increased
activity and the expression of natural behaviors than improved production performance.
Outcomes depend on the intensity, distribution, and duration of light, as well as house
design, bird age, genotype, and overall management conditions [28-32].

2.2.2. Assumptions for GP02 Model: Package of Measures to Minimize Stress and Injuries
During Catching of Live Broilers

Table 7 presents parameters used to model the production and economic impacts of
introducing the package.

Table 7. Assumptions for the economic assessment of the Champion: package of measures to
minimize stress and injuries during catching of live broilers. *

Benefits Inputs
ITEM A 5 c N 4 .
Increased sales due to lower condemnation !
after catching (%) 0.10 0.08 0.07
Additional inputs: antioxidants and 51 - o

electrolytes (EUR /1000 L of water)

! condemnation: carcasses rejected by the slaughterhouse due to damages or defects. * Assumptions
based on Langkabel et al. [33].

The primary effect of implementing this practice is related to post-slaughter quality
assessment carried out at the slaughterhouse. Identified defects and injuries result in a
reduction in carcass value and, in some cases, complete rejection, thereby decreasing sales
revenues. Reducing stress during catching improves animal welfare, leading to lower
bird fearfulness and, consequently, a reduction in the number of defects identified after
slaughter. The main benefit of implementing the practice is a lower condemnation rate and
increased sales revenues. The key measures involved include low-cost employee training
and the use of antioxidants and electrolytes.

Literature review supporting assumptions for modeling

The antioxidants and electrolytes given to broilers have stress-mitigation effects. Elec-
trolytes are critical in maintaining water balance, regulating acid—base homeostasis, and
supporting nerve and muscle function. Stress-related dehydration and metabolic distur-
bances increase the demand for key electrolytes, such as sodium, potassium, chloride,
calcium, and magnesium [34]. Supplementing broilers with electrolytes before catching

https:/ /doi.org/10.3390/agriculture16182009


https://doi.org/10.3390/agriculture16182009

Agriculture 2026, 16, 2009

11 of 33

may help prevent dehydration, reduce stress-related metabolic imbalances, and improve
their ability to withstand transport stress [35] by maintaining physiological balance and
improving overall resilience.

2.2.3. Assumptions for GP03 Model: Preheating of the Poultry House

Table 8 presents parameters used to model production and economic impacts of
introducing the practice.

Table 8. Assumptions for the economic assessment of the Champion: preheating of the poultry house.

Benefits Inputs
ITEM A B C A B C
Higher weight gains (g/broiler) 30.0 20.0 10.0
Lower veterinary costs (%) -15 -15 -15
Mortality reduction (percentage points) 0.55 0.45 0.35
Additional consumption of water (%) 5.0 4.0 3.0
Additional energy cost (%) 55 55 55

Preheating of broiler houses is one of the essential best practices in poultry production
by ensuring comfort for chicks immediately after hatching. Improving animal welfare
at the earliest stage of the production cycle positively affects bird health and production
performance, as the poorly developed thermoregulatory systems of chicks make them
highly sensitive to temperature fluctuations [36]. Preheating reduces stress and facilitates
initial adaptation to the environment. The assumed benefits include improved weight
gains, reduced mortality, and lower veterinary costs.

Literature review supporting assumptions for modeling

Proper preheating of broiler houses and maintaining optimal floor and air tempera-
tures (30-32 °C at chick level) reduce cold stress, improve chick activity, and increase feed
and water intake, resulting in better growth and feed efficiency [37-39]. Chicks exposed to
low temperatures divert energy to thermoregulation rather than growth, leading to poorer
performance and greater flock variability.

Research also indicates that preheating during the first days of life is a key factor in
reducing stress and supporting early development [40]. Adequate brooding temperatures
lower early mortality by reducing the risk of dehydration, kidney infections, and other
stress-related health issues [37,41]. In addition, stable environmental conditions improve
flock uniformity, reduce culling, and enhance processing efficiency, while better litter and
air quality help limit respiratory diseases and footpad dermatitis [38,42].

2.2.4. Assumptions for GP04 Model: Provide the Farms with Elevated Platforms (Spain)

Table 9 presents parameters used to model the production and economic impacts of
introducing the practice, which is considered a mitigation strategy for the negative effects
of genetic selection for rapid growth on lameness.

The farmer who implemented platforms on the farm was unable to identify mea-
surable production benefits resulting from their installation. Any positive effects were
likely too small to be detected without systematic measurements conducted before and
after implementation. Following consultation with a scientific expert, who indicated po-
tential benefits such as improved average weight gains due to reduced lameness, lower
mortality, higher sales revenues, and reduced veterinary costs, an optimistic scenario (A)
was developed.
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Table 9. Assumptions for the economic evaluation of GP04: provide the farms with elevated platforms. *

ITEM

Benefits Inputs
A B C** A B C

Higher weight gain [g/broiler] 20.0 10.0 -

Lower veterinary costs [%] —-2.0 —-1.0 -

Lower mortality [percentage points] -1.0 -1.0 -

Higher labor input [%] 2.0 2.0 2.0

Higher costs of cleaning and disinfection [%] 1.5 1.5 1.5

Cost of platforms [EUR/1000 broilers/year] 11.0 11.0 11.0

* Assumptions based on De Roest et al. [43], Riber et al. [44], Norring et al. [45], Gebhardt-Henrich et al. [46],
Baxter et al. [47], Ventura et al. [48]. ** The pessimistic scenario reflects the statements of the farmer,
who did not observe measurable effects.

As part of the sensitivity analysis, two additional scenarios were defined: a moderate
scenario (B), assuming benefits 50% lower than those proposed by the expert, and a
pessimistic scenario (C), reflecting the farmer’s assessment that no measurable production
benefits could be observed. In addition to the investment costs associated with platform
installation, the analysis also accounted for increased labor requirements as well as higher
cleaning and disinfection costs.

Literature review supporting assumptions for modeling

Perching on elevated places is considered an integral part of chicken behavior. Several
studies have reported beneficial effects of elevated platforms on broiler welfare [48-52].
Compared to perches, elevated platforms are considered a better solution for fast-growing
broiler chickens due to the broilers” weight, leg weakness, and difficulties finding their
balance on bars [44]. Improvements in animal welfare were reported depending on platform
surface area, the age of broilers when platforms were provided, and platforms’ shape,
construction, and accessibility [53,54]. Mocz et al. [55] suggest that providing elevated
platforms or straw bales helps improve broiler welfare by reducing footpad dermatitis,
hock burns, and walking difficulties, even at a high stocking density. Some reports present
measurable financial effects of results concerning enrichment in broiler production [56].

2.2.5. Assumptions for GP05 Model: Litter Aeration and Litter Addition

Table 10 presents parameters used to model the production and economic impacts of
introducing the practice.

Table 10. Assumptions for the economic assessment of the Champion: litter aeration and litter addition.

ITEM

Benefits Inputs
A B C A B C

Higher weight gain [g/broiler] 10.0 7.5 5.0

Lower veterinary costs [%] 2.0 1.0 0.5

Lower mortality [percentage points] 0.5 0.5 0.5

Higher labor costs [%] 2.0 2.0 2.0

Higher energy costs [%] 0.1 0.1 0.1

Higher litter costs [%] 20.0 20.0 20.0

Additional costs of small equipment

[EUR/m?]

0.35 0.35 0.35

It is assumed that improved broiler welfare resulting from drier litter conditions and
reduced ammonia concentrations within the broiler house will enhance bird performance,
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leading to greater productivity as well as lower mortality and veterinary costs. However,
in addition to the investment cost of aeration equipment, increased expenditures on litter,
energy, and labor are expected.

Literature review supporting assumptions for modeling

The scientific rationale for this practice is based on the close relationship between litter
moisture, clumping, fecal accumulation, and ammonia emissions. Wet and clumped litter
compromises the hygiene of the poultry house and increases the risk of contact dermatitis,
including footpad lesions [57,58]. Litter rotation can accelerate drying and improve litter
friability only if moisture is effectively removed from the building [59].

The practice of litter aeration is important from an animal welfare perspective. Dry
litter is associated with reduced risk of footpad and hock dermatitis and lower litter
ammonia concentrations, which are important for both bird health and working conditions
in the building [56,60-63]. Furthermore, treatments that reduce litter pH, moisture content,
and microbial load have been shown to improve litter quality and partially support broiler
performance [15].

2.2.6. Assumptions for GP06 Model: Reducing Stocking Density and the Foot
Health Program

Preventing footpad dermatitis is one of the major animal welfare concerns in broiler
production. For this reason, the Foot Health Program (FHP), implemented in Sweden, was
selected as one of the Champions. The FHP provides a regulatory and advisory mechanism
encouraging broiler farmers to achieve tangible improvements in animal welfare through
better flock management, improved feed composition, and higher litter quality.

The program is based on the assessment of footpad dermatitis at the slaughterhouse
by an official veterinarian employed by the Swedish Food Agency. For each flock, 1000 feet
are inspected and scored on a scale ranging from 0 to 200 points. Exceeding the threshold
of 40 points results in an obligation to reduce stocking density below the maximum level
of 36 kg/m? permitted in Sweden. The higher the footpad score, the greater the required
reduction in stocking density. The stocking density restriction is lifted once the score
recorded during a subsequent inspection falls below the 40 point threshold.

Various measures intended to improve animal welfare through better broiler flock
management were assessed under other Champion good practices. Therefore, in the present
analysis, the Swedish FHP was used primarily as a basis for estimating the economic and
production effects of reducing stocking density to different levels. It was assumed that
all typical farm models maintained an appropriate standard of broiler management and
housing conditions.

The assessments were conducted for conventional farm types across four flock size
categories. The stocking density scenarios were defined with reference to Council Directive
2007/43/EC:

e  General maximum of 33 kg live weight/ m?2;

e  Weight of 39 kg/m? permitted if additional environmental, monitoring, and documen-
tation requirements are met;

e  Weight of 42 kg/m? permitted exceptionally where farms demonstrate low mortality
and consistently good management;

e 30 kg/m? as required by the signatories of the European Chicken Commitment (ECC)
from their suppliers of broilers. To ensure comparability between the model results and
to isolate the effect of stocking density, the calculations for the 30 kg/m? scenario were
based on the same Ross 308 broiler breed as the other models. This scenario should
therefore not be interpreted as representing full compliance with the ECC, which also
requires the use of approved breeds demonstrating higher welfare outcomes.
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An additional model was constructed for a maximum stocking density of 42 kg live
weight/m? combined with thinning. Under this scenario, the cumulative live weight of
broilers produced over the production cycle could reach 46 kg/m?, although the stocking
density present in the house at any given time does not exceed 42 kg/m?.

All 2022 baseline typical farm models were standardized to a stocking density of
42 kg/m?. These standardized models served as the common reference scenarios for
comparing the economic effects of reductions in stocking density. The quantities of the
principal variable inputs, including chicks, feed, and water, were adjusted according to
the changing number of broilers placed in each model. Expenditures on energy, veterinary
services, biosecurity, and miscellaneous inputs were maintained at the levels recorded in
the respective 2022 baseline models. For the lower-density scenarios, benefits associated
with the reduction in the number of broilers kept per square meter were incorporated
into the calculations, as presented in Table 11. Parallel models in which no performance
or welfare-related benefits were assumed were also calculated. These represented the
pessimistic scenario included in the sensitivity analysis.

Table 11. Assumptions for the economic assessment of the Champion: reducing stocking density and
the Foot Health Program.

Benefits
ITEM 3 5 5
Model 39 kg/m Model 33 kg/m Model 30 kg/m
Higher weight gain [g/broiler] +10 +20 +25
Lower veterinary costs [%] —1% —4% —5%
Lower mortality [percentage points] 0.1 0.15 0.2
Lower labor input [%] —1% —2% —3%

Literature review supporting assumptions for modeling

Reducing stocking density is included in the Foot Welfare Program as a measure to
prevent footpad dermatitis. Evidence suggests that it improves animal welfare and may
also increase weight gain and final body weight in broilers [64-69], although effects on the
feed conversion ratio and mortality are less consistent. A positive effect of lower stocking
density on weight gain was also reported by van der Eijk et al. [70] in an experimental study
in which genotype and stocking density were examined independently. Similar results were
reported by Weimer et al. [71], who emphasized that the benefits reflect not only stocking
density itself but also broader improvements in welfare and production conditions.

3. Results
3.1. Baseline Model 2022 Characteristics

Table 12 presents selected indicators characterizing the baseline models of typical
farms, calculated as weighted averages for country models representing the respective
flock sizes and production systems. Within the sample of 120 models, conventional farms
of all flock sizes (small, medium, large, and very large) outnumbered other farm types,
reflecting the structure of broiler production in the EU and countries included in the study.

Average productivity indicators for the conventional baseline models showed rela-
tively little variation across flock size categories, apart from the expected differences in the
number of broilers produced. Small and medium-sized flocks had slightly less favorable
feed conversion ratios (FCRs), averaging 1.656 and 1.616, respectively, compared with
1.592 for large flocks and 1.584 for very large flocks. Mortality rates were not significantly
associated with either flock size or production system, remaining within a relatively narrow
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range from 3.50% in very large conventional flocks to 3.83% in small conventional flocks
and 3.84% in free range flocks. The average live weight of broilers was higher in the small
and medium flocks (2.48 and 2.43 kg), correlating with the average length of the cycle (41.2
and 40. 8 days, respectively).

Table 12. Performance indicators—2022 Base Models by flock size and production system.

Conventional )
Indicators Small Medium Large Very Large Free Range Organic
Technical parameters
Number of broilers [th.] 145.7 410.4 1332.6 20,474.5 136.3 24.5
Number of cycles 6.0 6.3 6.8 6.8 3.8 31
CoV (%) 15.7 13.5 15.3 9.5 25.1 24.4
Length of cycle (days) 41.2 40.8 39.0 38.8 79.2 84.6
CoV (%) 41 8.4 14.2 7.6 17.5 6.2
Live weight [kg] 2.48 2.43 2.35 2.35 2.75 3.32
CoV (%) 10.8 8.7 15.5 17.4 12.9 21
FCR 1.653 1.616 1.592 1.584 2.63 2.741
CoV (%) 8.1 7.1 7.1 5 8.8 132
Mortality (%) 3.83 3.80 3.73 3.50 3.84 3.70
CoV (%) 17.2 19.6 27.9 27.9 29.5 53.0
Financial indicators
Broiler price [EUR/kg] 1.226 1.228 1.264 1.255 1.826 2.998
CoV (%) 5.9 8.2 9.5 4.9 8.9 59.3
Chick price [EUR/bird] 0.43 0.4 0.42 0.41 0.46 0.67
CoV (%) 9.4 9.2 11.4 8.8 14.0 69.8
Revenue [EUR/kg LW] 1.249 1.237 1.271 1.262 1.831 3.012
CoV (%) 7.4 7.8 8.9 5.3 9.2 59.1
Total costs [EUR/kg LW] 1.079 1.054 1.078 1.131 1.414 2.121
CoV (%) 11.2 9.6 10.7 3.5 8.2 22.6
Gross margin [EUR/kg LW] 0.170 0.183 0.193 0.131 0.417 0.891
CoV (%) 36.1 28.8 36.0 37.9 33.4 155.6

Several indicators differed substantially in the free range and organic models because
of the specific characteristics of these production systems. The most notable difference was
the approximately twofold longer production cycle, which consequently resulted in fewer
production cycles per year. Feed conversion ratios were also considerably higher than in
conventional systems, ranging from 2.63 to 2.74, compared to an average of approximately
1.6 in the conventional models.

Most production indicators exhibited moderate variation across farm types. The
greatest variability was observed in the number of production cycles per year and mortality
rates, as indicated by their relatively high coefficients of variation.

In terms of profitability, medium-sized and large conventional farms achieved the
highest average gross margins per kilogram of live weight at approximately EUR 0.19/kg.
The corresponding gross margin was noticeably lower for very large conventional farms
at EUR 0.13/kg. Free range and organic production systems generated substantially
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higher gross margins per kilogram of live weight, primarily because of the premium prices
received for broilers produced under these systems. The coefficient of variation for the
gross margin was relatively high across all farm types, ranging from 28.8% to 37.9% in
conventional and free range systems. The very high coefficient of variation recorded for
organic farms at 155.6% was attributable to unusually high organic broiler prices in one
of the countries included in the sample. Figure 2 presents the structure of variable costs
of production.

Conventional Conventional large  Conventional very Free range Organic
medium large
m Labour Veterinary and medicines W Energy W Water M Litter M Other costs

Figure 2. Cost structure by farm size and production system.

Feed and chick costs constituted the largest component of the direct costs included
in the gross margin calculation, accounting for between 85.7% and 88.7% of the total. The
dominating contribution of feed and day-old chicks is characteristic of broiler production
and consistent with the cost structures reported in previous studies (e.g., [72]).

It should be emphasized, however, that European feed prices in 2022 were consid-
erably higher than the five-year average and exceeded the long-term trend line. These
exceptionally high prices increased the share of feed costs in total production costs and con-
sequently reduced gross margins. The choice of 2022 as the reference year was determined
by the study timetable. Owing to the use of the partial budgeting method, this choice did
not affect the comparative assessment of the analyzed scenarios, even though feed prices
declined significantly in subsequent years. It did, however, result in lower absolute gross
margin values.

Fixed costs, including depreciation, maintenance of fixed assets, and general farm
overheads, were not included in the calculations. This reflects the partial budgeting
approach adopted in the study, under which only costs and benefits that changed as a
result of implementing a particular practice were considered. Consequently, the exclusion
of existing fixed costs did not affect the estimated economic impacts, provided that these
costs remained unchanged following implementation. Any additional investment or
other fixed costs directly attributable to a specific practice were, however, included in its
economic assessment.
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3.2. Results of the Economic Assessments

Separate farm type models were developed for each assessed good practice by in-
corporating the changes specified in the adopted assumptions. The results generated by
these models were subsequently compared with those of the corresponding 2022 baseline
models. Section 3.2 presents only the estimated financial impacts of implementing the se-
lected Champion good practices and does not provide a detailed comparison of production
performance indicators. Changes in the key production parameters relative to the baseline
models, such as broiler live weight, mortality rate, and feed conversion ratio (FCR), were
moderate and consistent with the assumptions adopted for the respective scenarios.

GP01: Interventions providing straw and natural light in broiler houses based on the
EBENE self-assessment of animal welfare

EBENE self-assessment makes it possible to identify weaknesses in broiler flock man-
agement and therefore provides a basis for implementing corrective measures. In the case
analyzed, provision of natural light in the broiler house and use of straw for enrichment
were identified as effective measures for improving animal welfare.

Table 13 presents the estimated financial results for farms operating conventional
production systems following the implementation of this practice. Free range and organic
farms were excluded from the analysis because broilers in these systems spend a substantial
part of the day outdoors, making the source of light inside of the poultry house relatively
less important.

Table 13. GPO01: financial impacts of intervention “providing straw and natural light in broiler houses”
based on the EBENE self-assessment of animal welfare.

. Conventional
Scenario Small Medium Large Very Large
Revenue [EUR/kg live weight]
Baseline 1.249 1.237 1.271 1.262
A 1.255 1.243 1.277 1.268
B 1.249 1.236 1.271 1.262
C 1.249 1.236 1.271 1.262
Total direct costs [EUR/kg live weight]
Baseline 1.079 1.054 1.078 1.131
A 1.079 1.047 1.070 1.122
B 1.083 1.051 1.074 1.127
C 1.087 1.055 1.079 1.131
Gross margin [EUR/kg live weight]
Baseline 0.170 0.183 0.193 0.131
A 0.176 0.196 0.207 0.146
B 0.166 0.185 0.197 0.136
C 0.162 0.181 0.192 0.131

Despite the expenditure required to modernize the broiler houses through the instal-
lation of windows, the gross margin was either slightly higher or remained close to the
baseline level across all flock size models and scenarios. A clear financial benefit was
observed only in Scenario A, in which a premium price was assumed. Under this scenario,
the gross margin increased by between EUR 0.11 and EUR 0.15 per kilogram of live weight.
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Production costs in Scenario A were also slightly lower than in Scenarios B and C by
approximately EUR 0.04-0.05 per kilogram of live weight. This difference resulted from
the assumed savings in veterinary and energy costs.

Figure 3 presents a graphic illustration of gross margin change in relation to the 2022
baseline model.

Conventional small Conventional medium Conventional large Conillenﬁonal very large
.6

9.0
7.2 7.3
7.0

5.0 3.9

%

3.0

0.0
-3.0 -2.2

Scenarios

mA mB C

Figure 3. Change in average values of gross margin after implementation of GP01 “providing straw
and natural light in broiler houses” relative to the 2022 baseline model (%).

The chart confirms the observed differences in gross margin. Because of high refitting
costs, clear financial benefits would arise only if a price premium were obtained, as assumed
in Scenario A. Under the moderate scenario (B), small financial gains were recorded for
farms with larger flocks, whereas small farms did not benefit because of their insufficient
scale of production. Under the pessimistic scenario (C), the practice was not economically
viable for any farm type. Nevertheless, because the deterioration in gross margin relative
to the baseline model was minimal, the results do not preclude implementation of the
practice for animal welfare reasons. This may be particularly relevant for well-managed
farms where the likelihood of the pessimistic scenario can be considered relatively low.

GP02: Package of measures to minimize stress and injuries while catching broilers

The economic assessment of implementing this practice was conducted for both
conventional and alternative production systems (Table 14). Only very large flocks were
excluded from the analysis, as it was considered unlikely that at such a large production
scale automated broiler catching would be replaced by manual catching.

As the practice is applied during the final stage of the production cycle, its implementa-
tion has only a very limited effect on production performance and financial outcomes. The
only direct benefit is a reduction in carcass condemnations at slaughter, resulting in higher
sales revenue. The additional costs of antioxidants and electrolytes, together with a slight
increase in labor inputs, are approximately offset by the higher revenue. Consequently,
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the gross margin remains close to the baseline level and varies only marginally across the
scenarios (Figure 4).

Table 14. Financial impacts of minimizing stress and injuries while catching broilers.

Conventional Free R o .
S i ree Range rganic
cenario Small Medium Large 8 8
Revenue [EUR/kg live weight]
Baseline 1.249 1.237 1.271 1.831 3.012
A-C 1.250-1.249 1.238-1.237 1.272-1.271 1.832-1.831 3.015-3.014
Total direct costs [EUR/kg live weight]

Baseline 1.079 1.054 1.078 1.414 2.121
A-C 1.079-1.080 1.054 1.078-1.078 1.414 2.120
Gross margin [EUR/kg live weight]

Baseline 0.170 0.183 0.193 0.416 0.892-0.894
A-C 0.171-0.170 0.184-0.183 0.194-0.193 0.418-0.418 0.896
Conventional small Conventional medium Conventional large Free range Organic
0.30
0.26
0.25 0.23
0.20
0.20 0.18 016
015 0.14
0.10
%
° 0.05 0.04 0.03
0.00
-0.05
-0.10
(0.09) (0.09) (0.10)
-0.15
Scenarios
mA mB mC

Figure 4. Change in average values of gross margin after implementation of GP02 “minimizing stress
and injuries during catching” relative to the 2022 baseline model (%).

Only under the optimistic and moderate scenarios did reductions in carcass condemna-
tions result in a slight improvement in financial performance. Compared with the baseline
model, the gross margin increases by 0.16-0.25% under Scenario A and by 0.03-0.12%
under Scenario B. Under the pessimistic scenario, positive financial effects are observed
only on farms using alternative production systems, where the gross margin increased by
0.05-0.12% owing to substantially higher broiler selling prices. On conventional farms, this
scenario results in a slight deterioration in the gross margin, amounting to 0.09%.
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GP03: Preheating of the poultry house

Under the assumptions adopted in the analysis, preheating the poultry house be-
fore chick placement significantly improves both production and financial performance
(Table 15).

The implementation of this practice primarily results in a moderate increase in energy
costs associated with preheating the poultry house. At the same time, however, it generates
substantial improvements in chick health, reduces mortality, enhances broiler weight gain,
and increases gross margins compared with the baseline model.

Figure 5 illustrates the resulting financial benefits.
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8.0
7.1
7.0 6.7 6.8
6.0
6.0 5.4
% 5.0
4.0
3.0
2.0
1.0
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Conventional small Conventional Conventional large  Conventional very Free range Organic
medium large
Scenarios
EA uB mcC
Figure 5. Change in average values of gross margin after implementation of GP03 “Preheating of the
poultry house” relative to the 2022 baseline model (%).
Table 15. Financial impacts of preheating the broiler house.
Conventional Free R o
S i ree Range rganic
cenario Small Medium Large Very Large 8 8
Revenue [EUR/kg live weight]
Baseline 1.249 1.237 1.271 1.262 1.831 3.012
A 1.254 1.241 1.276 1.267 1.840 3.022
B 1.253 1.241 1.275 1.266 1.838 3.021
C 1.252 1.240 1.274 1.265 1.837 3.019
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Table 15. Cont.
. Conventional )
Scenario Small Medium Large Very Large Free Range Organic
Total direct costs [EUR/kg live weight]
Baseline 1.079 1.054 1.078 1.131 1414 2.121
A 1.068 1.042 1.065 1.120 1.392 2.091
B 1.072 1.047 1.07 1.125 1.399 2.101
C 1.077 1.051 1.075 1.129 1.405 2.110
Gross margin [EUR/kg live weight]
Baseline 0.170 0.183 0.193 0.131 0.416 0.892
A 0.186 0.199 0.211 0.147 0.441 0.924
B 0.181 0.194 0.205 0.141 0.434 0.914
C 0.175 0.189 0.199 0.136 0.427 0.904
Despite the increase in energy costs, financial benefits are achieved under all scenarios
and are particularly substantial in the optimistic scenario (A). These benefits result not only
from improved animal welfare but also from better chick health during the critical initial
stage of the production cycle.
GP04: Providing the farms with elevated platforms
The practice primarily aims to improve animal welfare by facilitating natural behavior
and mitigating the negative effects of genetic selection for rapid growth, including lameness.
However, it translates only to a limited extent into improved production and financial
results (Table 16).
Table 16. Financial impacts of implementing the practice “Providing farms with elevated platforms”.
Scenario Conventional
Small Medium Large Very Large
Revenue [EUR/kg live weight]
Baseline 1.249 1.237 1.271 1.262
A 1.259 1.246 1.280 1.271
B 1.254 1.241 1.276 1.267
C 1.249 1.237 1.271 1.262
Total direct costs [EUR/kg live weight]
Baseline 1.079 1.054 1.078 1.131
A 1.072 1.048 1.071 1.125
B 1.078 1.053 1.077 1.130
C 1.084 1.059 1.083 1.136
Gross margin [EUR/kg live weight]
Baseline 0.170 0.183 0.193 0.131
A 0.187 0.198 0.209 0.146
B 0.176 0.188 0.199 0.137
C 0.165 0.178 0.188 0.126
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Against the very low implementation costs of this practice, even a modest improve-
ment in productivity under the adopted assumptions, mainly due to lower mortality and
additional weight gains, results in improved financial performance in both the optimistic
and moderate scenarios. In Scenario C, consistent with the farmer’s declaration that no
positive effects were observed or measured, the gross margin is slightly lower than in the
baseline scenario.

Figure 6 illustrates the changes in farm level financial impacts.

Conventional small Conventional medium Conventional large Conventional very large
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Figure 6. Change in average values of gross margin after implementation of GP04 “Providing the
farms with elevated platforms” relative to the 2022 baseline model (%).

The variation in financial outcomes across flock size categories is limited for both
positive and negative effects. This is one of the two practices for which the gross margin of
small flocks decreases compared to the baseline. This disadvantage relates to spreading
investment costs over a smaller number of birds, despite even higher revenue per unit of
production (kilogram).

GPO05: Aeration and litter addition

The practice involves purchasing aeration equipment, but due to potential benefits
generates positive financial effects under all scenarios (Table 17).

Despite higher litter, labor, and energy costs, as well as the additional costs of pur-
chasing and operating the small aeration equipment, this practice has positive financial
effects under all scenarios compared to the baseline model. All types of farms perform
noticeably better under Scenario A because of more pronounced benefits. For this practice,
increased weight gains resulting from improved animal welfare, and productivity is the
most important factor contributing to financial outcomes.
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Table 17. Financial impacts of implementing the practices of aeration and litter addition.
. Conventional )
Scenario Small Medium Large Very Large Free Range Organic
Revenue [EUR/kg live weight]

Baseline 1.249 1.237 1.271 1.262 1.831 3.012
A 1.279 1.266 1.301 1.292 1.876 3.082
B 1.266 1.253 1.288 1.279 1.857 3.052
C 1.266 1.253 1.288 1.279 1.857 3.052

Total direct costs [EUR/kg live weight]

Baseline 1.079 1.054 1.078 1.131 1.414 2.121
A 1.088 1.057 1.082 1.134 1.416 2.128
B 1.088 1.057 1.082 1.134 1.416 2.128
C 1.089 1.058 1.083 1.135 1.417 2.130

Gross margin [EUR/kg live weight]

Baseline 0.170 0.183 0.193 0.131 0.416 0.892
A 0.191 0.209 0.219 0.158 0.460 0.954
B 0.178 0.196 0.206 0.145 0.441 0.924
C 0.177 0.195 0.205 0.144 0.440 0.922

Figure 7 illustrates the changes in farm level financial impacts.
25.0
20.0
15.0 14.2
12.4

% 10.6

10.0
" 66 *7 6.2 60 538
i HE II Il lii
0.0 I I
Conventional small Conventional Conventional large Conventional large Free range Organic
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Scenarios

mA

=B
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Figure 7. Change in average values of gross margin after implementation of GP05 “Aeration and
litter addition” relative to the 2022 baseline model (%).
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GP06: Stocking density reduction and the Foot Health Program

Unlike for previous practices, instead of conducting a sensitivity analysis, several
reduced stocking density scenarios were constructed. A baseline model for density of
42 kg live weight/m? served as a reference for comparison. Two categories of models for
alternative densities were constructed:

e  Models M 30, M 33, M 39, and M 42 + thinning, in which costs and revenues were
adjusted to the number of broilers raised;

e  Models marked by the letter B (e.g., M 33 B) for reduced densities, assuming better
growth and higher final weights of broilers as an additional benefit due to the lowered

number of birds (for more details, see Section 2.2.6 and Table 11).

Table 18 presents the results of the analysis.

Table 18. Financial impacts of reducing stocking density in rearing chicken broilers.

Conventional
Stocking Density Model Small Medium Large Very Large
Sales M 42 Ref. = 100
[ tl\fn‘fhsfve\feeir;fﬂ 368.1 1056.4 3116.5 45,4943

M 42 Reference = 100 100 100 100 100
M 42 + thinning = 100 110.0 110.0 110.0 110.0
M39B 93.9 93.9 93.9 93.8

M 39 92.9 92.9 929 929

M 33 B 80.2 80.2 80.2 80.2

M 33 78.6 78.6 78.6 78.6

M30B 73.3 73.3 73.3 73.3

M 30 714 714 71.4 71.4

Gross margin: M 42 = 100

EUR/kg 0.170 0.192 0.196 0.126

M 42 — Reference M 42 =100 100 100 100 100
M 42 + thinning 102.4 102.6 102.4 112.5
M39B 102.9 103.4 103.6 106.2

M 39 96.1 97.5 97.7 96.5

M33B 100.1 103.2 103.8 107.7

M 33 86.3 91.2 91.9 87.9

M30B 97.6 102.3 103.2 107.3

M 30 80.0 87.1 88.1 82.2

Compared with the reference stocking density model (M 42), only the thinning scenario
results in a 10% increase in sales across all production scales. In all other models, sales
decrease as stocking density declines to 71.4% of the reference. In all optimistic scenarios
(B), reductions of sales are 1.0-1.9 percentage points smaller than in their corresponding
no-benefit models, depending on the assumed weight gains.

Gross margins per kilogram of live weight follow a different pattern. In all models
assuming additional benefits, the gross margin exceeds that of the reference model, except
for the lowest stocking density scenario (M 30 B). The smallest financial gains are observed
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in farms with small flocks (0.1-2.4%), while in the M 30 B variant the gross margin is 2.4%
lower. The highest gains are achieved by the most cost-effective farms with very large flocks
(7.3-12.5%). In contrast, under the lowest stocking density without additional benefits (M
30), the gross margin decreases by 12-20% relative to the reference model.

Regardless of whether gross margins per unit of production (EUR/kg of live weight)
are higher or lower than in the reference model (M 42), the total gross margin per farm
(EUR/farm) is substantially lower in all model scenarios except for M 42 with thinning
(Figure 8a—d). Although reductions in stocking density proportionally decrease feed and
chick costs, these savings and improved unit margins are not sufficient to compensate for
the decline in revenue resulting from the lower number of broilers marketed.
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Figure 8. Cont.
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Figure 8. (a) Difference in gross margin (EUR per farm) relative to the reference model (M42) in farms
with small flocks. (b) Difference in gross margin (EUR per farm) relative to the reference model (M42)
in farms with medium flocks. (c) Difference in gross margin (EUR per farm) relative to the reference
model (M42) in farms with large flocks. (d) Difference in gross margin (EUR per farm) relative to the
reference model (M42) in farms with very large flocks.

The reduction in gross margins compared to the M 42 reference is modest only for the
M39B scenario, ranging from—2153 EUR/farm in the cluster of small farms to 18,000 in
the group of very large farms. Further reductions in stocking density to 33 and 30 kg/m?,
however, result in substantial losses that have a significant impact on the budgets of all
farm types, regardless of flock size.
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4. Discussion

Implementation of the broiler welfare practices examined in this paper in most cases
leads to improved financial performance, with the important exception of substantial
reductions in stocking density. The magnitude of changes in the gross margin, used as the
indicator of financial outcomes, varies depending on the type of animal welfare intervention
and the scenario considered in the sensitivity analysis. The largest gains are observed on
very large farms under the optimistic scenario, where gross margins increase by up to 20.6%
relative to the 2022 baseline. Improvements are also observed on free range and organic
farms; however, the financial gains per farm are less substantial than in conventional
systems due to the much smaller scale of production and dependent on size of premium
for product.

Specifically, the practice of minimizing stress and injuries during bird catching results
in only marginal changes in gross margin, ranging from -0.10% (pessimistic scenario, large
conventional farms) to +0.26% (optimistic scenario, organic farming system). This is because
the intervention is implemented at the final stage of the production cycle and its only
quantifiable economic benefit is a reduction in carcass condemnations at the slaughterhouse.
The greatest financial benefits are associated with practices that improve weight gain and
reduce mortality. The assessed practices varied considerably in their potential effects
on animal welfare and productivity. The assumptions underlying the financial impact
analyses are broadly supported by several studies. De Jong et al. [29] showed that litter
quality affects both welfare and production outcomes, including feed conversion ratio.
These findings support the assumed benefits of litter aeration. Other studies confirm the
importance of appropriate brooding temperatures for broiler performance [73-75]. Studies
on broiler catching procedures were less common, possibly because they apply to the very
end of the production cycle. Nijdam et al. [76] found no differences between manual and
mechanical catching in meat quality, although some stress and mortality indicators varied.
Langkabel et al. [33] showed that the occurrence of lesions was influenced by bird weight,
flock characteristics, and the catching team. Improved handling may therefore reduce
welfare risks and some at-slaughter losses. The evidence concerning elevated platforms
is mixed. De Roest et al. [77] found no significant effect on average daily weight gain.
Mocz et al. [55] reported improvements in walking ability and leg health, but no effect
on mortality. Overall, the literature provides considerably more evidence regarding the
behavioral and health benefits of broiler enrichment than its effects on productivity.

A considerably smaller number of studies have examined the financial effects of
welfare improvements. De Roest et al. [77] assessed the economic impact of elevated
platforms in relation to stocking density. Increasing density from 35 to 39 kg live weight/m?
resulted in a 0.5% increase in production costs compared with a 1.9% increase when stocking
density was reduced by 10% without platforms. Their economic value may therefore
arise primarily from maintaining production capacity while improving animal welfare,
rather than from direct productivity gains. Gocsik et al. [78] showed that the economic
feasibility of higher-welfare production systems is strongly influenced by producer prices
and the level and stability of welfare-related price premiums. Other studies indicate that
intermediate-welfare systems may achieve substantial welfare improvements at relatively
modest additional cost [79,80].

However, direct comparisons with these studies should be made cautiously, especially
when referring to studies comparing production systems operating under different produc-
tion and market conditions, including differences in breed, growth rate, housing, stocking
density, prices, and welfare premiums. In contrast, the present analysis estimates the net
effect of implementing individual practices under ceteris paribus assumptions. Prices,
breeds, production systems, and other external conditions are held constant, and only the
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additional costs and benefits directly attributable to each practice are included. Reducing
stocking density is widely regarded as an effective measure for improving the physical
comfort, health, and overall welfare of broiler chickens. Lower densities provide birds with
more space for movement and the expression of natural behaviours, improve access to
feeders and drinkers, and reduce health-related risks.

The strongest agreement with previous economic research concerns stocking density.
In the present study, reducing stocking density from the reference level of 42 kg/m? lowered
the total gross margin per farm in all reduced-density scenarios, even when gross margin
per kilogram increased due to assumed health and productivity benefits. Using a similar
partial budgeting approach for Belgian broiler production, Verspecht et al. [81] likewise
found that farm income declined by 46% when stocking density was reduced from 46 to
38 kg/m? and by 74% when it was reduced to 30 kg/m?. The losses reported in that study
were more severe than those estimated in the present analysis. This difference may be
explained by the higher reference density, different technical assumptions, and the price
and cost levels prevailing in the considerably earlier study period. Verspecht et al. [81] also
reported that profit increased from EUR 3.98/m? at 33 kg/m? to EUR 6.10/m? at 42 kg/m?
and EUR 7.50/m? at 48 kg/m?. Under the market conditions considered in their study, the
estimated threshold for maintaining profitability was approximately 46 kg/m?. Similarly,
Utnik-Banas et al. [82] estimated that reducing stocking density to 33 kg/m? would lower
farm income from EUR 2.40 to EUR 0.77/m? under 2009 prices and would result in losses
under 2011 prices. They concluded that a price increase of approximately 5-6% would be
required to compensate for the reduction in production volume. These findings support
the results of the present study, indicating that improvements in performance per bird may
be insufficient to offset the decline in the number of broilers sold.

While the implementation of most low-cost practices aimed at improving broiler wel-
fare can be recommended even when they do not generate measurable financial benefits, the
prospect of a substantial, EU-wide reduction in stocking density raises concerns. According
to Sheppard and Edge [83], lowering the stocking density from 38 to 30 kg/m? would re-
duce broiler meat production by approximately 21% while increasing operational costs per
unit of output by 5.6%. Even if such a reduction were introduced as a legal requirement, it
would be unlikely to receive broad acceptance within the industry because of the associated
financial losses. This raises concerns about the stability and competitiveness of the EU
broiler market considering that poultry meat, owing to its favorable nutritional character-
istics and relatively low prices, is steadily increasing its share of total meat consumption
in the European Union up to the level of pork meat [84,85]. A large-scale reduction in
broiler stocking density could therefore lead to a significant decline in poultry meat supply.
Given the deterioration in production profitability, producers may be reluctant to invest in
additional housing capacity to maintain current output levels without external support.

5. Conclusions

The identification of a large number of practices implemented in broiler production in
each of the partner countries participating in the BroilerNet project indicates clear potential
to improve animal welfare in this sector. This potential exists even though some of the
good practices, such as preheating of broiler houses, are already applied in a relatively
large number of farms.

The analysis of implementation in the studied broiler farms, supported by literature
reviews, shows that all animal-welfare-oriented measures improve, to varying degrees,
broiler health. This, in turn, generates positive production effects and, depending on the
type of practice, lowers various categories of costs and generates financial performance
effects. The financial assessment of stocking density reductions was less favorable. Despite
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generating some welfare benefits, lower stocking densities reduce the number of broilers
produced and consequently lead to lower revenues and financial returns.

The conclusions drawn from the analyses of good practice implementation should be
interpreted in light of the limitations of the assessments. These limitations arise mainly
because, in accordance with the study approach, each practice was described on the basis
of an individual case identified on a single farm. Although farmers reported numerous
animal welfare benefits, often consistent with findings published in the scientific literature,
complete data on the on-farm effects were not always available because the relevant indica-
tors had not been systematically measured. Therefore, expert knowledge and published
data were also used in the assessments, as is common in this type of economic analysis. To
reduce the uncertainty surrounding the estimated financial outcomes, sensitivity analy-
ses were conducted, providing a broad range of results under optimistic, moderate, and
pessimistic scenarios.

Future research should therefore focus on replicated implementation of specific prac-
tices across a larger number of farms and countries and should link the assessments with
the awareness and attitudes of other actors upstream and downstream in the value chain.
It is also important to emphasize that most practices improving animal welfare are low-cost
measures that not only do not significantly burden farm budgets but may also generate
benefits improving financial performance. More capital-intensive practices may deserve
premium prices and processing industry or policy support. Raising the awareness of
producers, as well as consumers of animal products, is an important factor supporting
improvements in animal welfare, particularly because the European Union is a global
leader in raising animal welfare standards, which are not always welcomed by farmers.
Therefore, regardless of legislative measures, there is ample scope for the dissemination and
implementation of best practices, with possible support from the Common Agricultural
Policy in the case of the most costly measures.
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Abbreviations

The following abbreviations are used in this manuscript:

BIN Broiler Innovation Networks
CoV Coefficient of Variation

GP Good Practices

GPET Good Practice Evaluation Tool
ECC European Chicken Commitment
EU European Union

FCR Feed Conversion Ratio

FHP Foot Health Program

LED Light Emitting Diode

TFEU Treaty on the Functioning of the European Union
RSPCA  Royal Society for the Prevention of Cruelty to Animals
TENs Thematic Expert Networks
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