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a b s t r a c t

While global demand for eggs is increasing, concerns are being raised about the environmental, eco-
nomic and social impact of egg production. Efforts to address these sustainability concerns can, however,
result in trade-offs. To enhance a transparent debate about future options and limitations in the egg
sector, insight is needed in environmental, economic and social sustainability challenges as well as in
potential trade-offs involved in addressing these challenges. Based on interviews with 24 stakeholders
and supported by scientific literature, this paper presents an overview of current sustainability chal-
lenges and trade-offs in the Dutch egg sector. Moreover, the paper provides an overview of innovations
suggested by stakeholders that can help to address the identified sustainability challenges, and describes
current limitations for the implementation of these innovations. Innovations identified were related to
animal health and welfare (n ¼ 13), housing systems (n ¼ 7), economy (n ¼ 8), environment (n ¼ 9), and
organisation (n ¼ 6). Stakeholders considered innovations to reduce particulate matter emissions as one
with priority. In addition, controlling poultry red mite, approaches to translate costs for environmental
investments to consumers, closing manure-feed cycles and improved collaboration in the chain were
considered as important steps to address current sustainability challenges. Our results reveal the com-
plex interactions between sustainability challenges in the egg sector and give insight in the different
perspectives and considerations stakeholders have. Steps towards sustainable egg production therefore
require multi-stakeholder dialogue to find consensus and jointly identify so-called small wins, i.e.
meaningful and feasible steps that can contribute to a more sustainable food system.

© 2020 Published by Elsevier Ltd.
1. Introduction

Poultrymeat and eggs are an important source of animal protein
globally. The production worldwide has increased sixfold since the
1960’s and is expected to increase even further (FAO, 2016; Mottet
and Tempio, 2017). Compared to other livestock products, eggs
have a relatively low environmental impact per kg of protein, in
terms of greenhouse gas emissions or land use (Poore and
Nemecek, 2018). Poultry feed, however, includes a relatively high
share of ingredients, such as grains, that are also edible for humans,
and as such contributes to feed-food competition, and adds to the
competition for natural resources such as land, water and phos-
phorus (Mottet et al., 2017; Steinfeld et al., 2006). Moreover, soci-
etal concerns related to poultry welfare and public health are
increasingly raised (Boogaard et al., 2011; Bos et al., 2013; Mench
and Rodenburg, 2018).
lde).
Over the past decade, changes in consumer demand in western
Europe have resulted in an increase in demand for more extensive
egg production systems, including free range and organic produc-
tion (Mench and Rodenburg, 2018). This change, however, has
resulted also in a higher emission of particulatematter (David et al.,
2015) and a higher risk for avian influenza outbreaks (Bouwstra
et al., 2017; Gonzales et al., 2013; Koch and Elbers, 2006). Trade-
offs among sustainability challenges, such as the ones described
above, need to be carefully considered when implementing in-
novations andnewpolicies (Mottet and Tempio, 2017). To enhance a
transparentdebateabout futureoptionsand limitations in the laying
hens sector, we therefore need a clear understanding of the envi-
ronmental, economic and social sustainability challenges, themulti-
dimensional consequences of potential innovations, as well as the
sector’s capacity and limitations to develop and implement these
innovations. As these challenges and innovations are to a large
extent context specific, we selected the laying hen sector in the
Netherlands as a case study for the following reasons. First, the
Netherlands is the largest exporter of eggs within Europe, ac-
counting for 40% of the value of exported eggs (EUROSTAT, 2017).
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Second, the Netherlands is densely populated, resulting in discus-
sion about the environmental and social impact of livestock pro-
duction (e.g. particulatematter, odour, greenhouse gases) and risk of
zoonoses (Bos et al., 2013;Winkel et al., 2015). Thewaywe keep our
poultry is a topic of societal and political debates (Gremmen et al.,
2018; Stevens et al., 2018). To define future directions for sustain-
able egg production, weneed a clear understanding of howandwhy
stakeholders (dis)agree on sustainability challenges, solution path-
ways and their potential trade-offs (Swanson et al., 2011; van Asselt
et al., 2017). So far, a systematic overview of the sectors’ sustain-
ability challenges and trade-offs, and innovations and obstacles for
their implementation is lacking. Our aim, therefore, is to provide
such an overview based on interviews with stakeholders in the
Dutch egg sector which can contribute to navigating the egg sector
towards more sustainable modes of production.
2. Methods

2.1. Interviews and survey

To gain insight into the characteristics of the Dutch egg sector, a
multi-stakeholder approach was applied to study the sectors’ sus-
tainability challenges, trade-offs, innovations and obstacles. Semi-
structured interviews were carried out with 24 stakeholders
(Table 1). A set of interview questions was prepared (Supplement 1)
and where relevant follow-up questions were asked during the
interview. Stakeholders were selected based on their role in the
Dutch egg sector, and their representation across stakeholder types
(see Table 1), across the food chain and across spatial scales and
associated policy levels. Moreover, in selecting researchers we
focused on including researchers working on environmental, eco-
nomic and social issues in the sector. The list of interviewees
included four farmers who were selected based on a diverse range
of innovations they apply on their farm. For the interviews with
policy makers at the local and regional level, the twomunicipalities
(Barneveld and Ede) and province with the highest number of
laying hen farms in the Netherlands (Gelderland) were selected.

Interviews were carried out in the period November 2017 to
January 2018 and lasted on average 1 h (with a range of
45e120 min). The interviews were recorded and fully transcribed.
To analyse the qualitative content, the transcripts were systemati-
cally coded and analysed using Atlas. ti (version 7.0), a software
application for qualitative data analysis (Friese, 2013; Muhr, 1991).
The content analysis was based on an inductive approach starting
from the raw data without a fixed coding framework in mind
(Finfgeld-Connett, 2014). The transcripts were coded to identify
main issues brought forward by the interviewees. This included
specific sustainability challenges, sector related concerns, in-
novations and obstacles. A second, more in-depth, round of coding
was carried out to identify more specific issues but also to keep
track of the framing of issues, in other words, how an issue was
discussed and related to other aspects. The coded sections were
then analysed and clustered to present an overview of
Table 1
Number of interviews per type of stakeholder.

Type of stakeholder N

Farmers and farmer organisations 5
Poultry chain organisations 3
Local, regional and national governments 4
Agrifood industry (suppliers and egg processors) 5
Research, education and consultancy 6
Non-governmental organisations 1
Total 24
sustainability challenges, trade-offs, a list of innovations (in five
themes), and obstacles for the implementation of innovations.

To gain insight into which innovations were considered to have
priority, a follow-up survey was carried out in September 2018.
Using an online survey, the 24 stakeholders were asked to identify
which innovation, within each of the five themes (animal health &
welfare, housing systems, economy, environment andorganisation),
had key priority. Priorities selected by the group of four innovative
farmers may deviate from the priorities selected by a more repre-
sentative group of farmers. To gain insight into the perspectives of a
more representative group of farmers, we involved 17 farmers with
laying hensworking in the province of Gelderland and participating
in the ERA-Net AnimalFuture project. These farmerswere asked also
which innovation they would prioritize for their farm, and for the
egg sector in general, andwhichobstacles theywould foresee for the
implementation of innovations.

2.2. Egg production in the Netherlands

While being EU’s largest exporter, the Dutch egg sector is rela-
tively small in the number of farms. In 2017, 993 laying hen farms
and 58 farms with parent stock were present in the Netherlands. In
total, these farms housed approximately 46 million laying hens and
1.5 million parent stock. Compared to the year 2000, the number of
laying hens has increased by 5%, whereas the number of farms
declined rapidly with 57% (CBS, 2018b). As a result of this upscaling,
the average number of animals per farm more than doubled over
this time period and is currently about 46,800 hens per farm. Farm
size varies, however, strongly between regions and housing sys-
tems. In the Netherlands, 14% of the hens are kept in cages
(enriched or colony), 60% in barn systems, 19% in free range and 7%
in organic systems (Agrimatie, 2018). These percentages are
different for the number of farms per system, as organic and free
range farms are generally smaller. Of the 993 laying hen farms, 225
were organic with an average of 14,300 hens per farm (CBS, 2018a).
The majority of Dutch laying hen farms are located in the provinces
Gelderland (32%), Noord-Brabant (15%) and Limburg (14%), ac-
counting for 26%, 18% and 27% of the animals, respectively (CBS,
2017). Farms in the province of Gelderland are, on average,
smaller and hens are kept in more extensive systems compared to
the province of Limburg.

The Netherlands produces approximately 10 billion eggs and
imports an additional 3 billion eggs per year (Sorgdrager, 2018).
About 60e65% of the Dutch eggs are exported, mainly to Germany
(75%) and Belgium (11%). The economic value of this export was 470
million euro in 2016. Besides the trade in consumption eggs (in
shell), between 30 and 35% of the Dutch eggs are processed into egg
products, such as bakery products, pasta, sauces, or ice cream (van
Horne et al., 2017).

The egg production chain in the Netherlands consists of many
individual entities. After leaving the farm with parent stock, eggs
are hatched in one of the eight hatcheries in the country
(Sorgdrager, 2018). The chicks are then reared on a rearing farm
(n ¼ 150) before they start their production on a laying hen farm.
On the majority of farms, eggs are collected and traded by one of
the approximately 120 packing centres of which the 5 largest have a
market share of 80% (Sorgdrager, 2018; van Horne et al., 2017). Eggs
are mainly sold to consumers by supermarkets (90%) (Sorgdrager,
2018).

3. Results and discussion

3.1. Sustainability challenges

Stakeholders were asked what they perceived as specific
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sustainability challenges for the laying hen sector in the future.
Stakeholders mentioned a wide variety of challenges across sus-
tainability dimensions. The challenges were clustered in sustain-
ability issues (e.g. emissions or animal health) and divided into the
three dimensions of sustainability (i.e. environmental, economic
and social) (Table 2). Addressing the identified challenges often
involves trade-offs. In the sections below and in Table 2 we describe
all the identified challenges and trade-offs among them in more
detail. The challenges and issues brought forward by stakeholders
are discussed in relation to recent scientific literature. Quotes from
the interviews are used to show how current sustainability trade-
offs result in dilemmas in egg production.
3.1.1. Environmental sustainability
Stakeholders mentioned specific sustainability challenges

related to the following environmental issues: emissions, transport,
carbon footprint, (environmental impacts associated with) live-
stock feed, manure, and resource use (Table 2).

The impact of emissions of particulate matter, odour and
ammonia on public health gained attention in the Netherlands after
several recent publications studying the link between air quality
and public health (e.g. (IJzermans et al., 2018; van de Weerdt and
Zuurbier, 2017)). In addition to the impact on public health, it is a
concern for the health and welfare of farm workers and animals
(Mench and Rodenburg, 2018). Particulate matter emissions have
increased as a result from the transition from battery cage systems
to alternative housing systems (barn, free range and organic) which
are characterised by larger litter areas and higher bird activity
levels (David et al., 2015). As a result, municipalities with high
numbers of farms are confronted with high concentrations of par-
ticulate matter, especially PM10 (van de Weerdt and Zuurbier,
2017). In addition, transport to and from farms contributes to par-
ticulate matter emissions as well as to the emission of CO2. To
address particulate matter emissions, the Dutch Poultry Expertise
Centre has initiated on-farm pilots to test a range of particulate
matter emission reducing techniques (PEV, 2020). Several stake-
holders, however, raised concerns regarding the economic impli-
cations of introducing emission reducing techniques on-farm as
well as the possible trade-off with energy use.

Although the carbon footprint of eggs is relatively low compared
Table 2
Overview of sustainability issues, their specific challenges and trade-offs involved, and i

Dimension Issue Specific challenges

Environment Emissions Particulate matter, odour, ammonia, public heal
farmer health & welfare, animal health & welfa

Transport Particulate matter, Carbon dioxide
Carbon footprint Carbon footprint, feed conversion ratio
Feed Origin (import vs regional), content (non-GMO,

insects, feed-food competition
Manure Nutrient and manure surplus
Resource use Land use, energy use, nutrients

Economic Farm income Farm income, chain integration, scale of capital

Social Animal welfare Housing systems, debeaking, killing one-day-old
societal demand, outdoor access

Animal health Outdoor access, Avian Influenza, antibiotics
Public health Avian Influenza, emissions

Working conditions Emissions
Farm succession Successors
Food safety Dioxin, salmonella, fipronil
Human consumption of
animal protein

Human consumption of animal protein, resourc

Relation to society Societal support, recognition, connection to con
to other animal sourced products (De Vries and De Boer, 2010;
Poore and Nemecek, 2018), stakeholders expressed that systems
with higher levels of animal welfare generally perform worse in
terms of their carbon footprint as a result of a higher feed conver-
sion ratio (Dekker et al., 2011). Nevertheless, with regard to sus-
tainability issues, consumer interest has predominantly been
focused on animal welfare:

“We notice in the sales of our products, whether these are eggs,
table eggs or egg products, that animal welfare is valued most.
So, if keeping hens with an outdoor access reduces feed con-
version, than this loss in feed conversion is subordinate to
welfare” (Egg processor).

The efficient use of feed, in relation to a growing demand for
animal source food, was a prominent issue in the interviewees with
stakeholders. As feed represents the main economic cost in egg
production and feed conversion is important in terms of carbon
footprint and land use, feed conversion has received a lot of focus
(Dekker et al., 2011). Nevertheless, reducing the feed conversion
ratio can result in feeding higher quality feed with a higher risk on
competition with human food. This trade-off is not considered in
the carbon footprint approach (De Boer and Van Ittersum, 2018).
One of the stakeholders brought forward a dilemma related to
using resources efficiently:

“Are you going to breed chickens that require less feed, so more
efficient with good feed, or should I breed my chickens with a
higher feed intake to deal with all kinds of by-products. So, what
is than feed conversion?” (Poultry breeder).

Using by-products (e.g. crop residues, co-products from food
processing and losses and waste from the food system), means
feeding animals with biomass that humans cannot or do not want
to consume. This strategy is considered as away forward to use land
wisely, prevent feed-food competition and use arable land pri-
marily for food production (Van Zanten et al., 2018). In line with
this approach, the Dutch Minister of Agriculture, Nature and Food
Quality launched in 2018 a vision aimed at transitioning towards a
more circular agriculture (Schouten, 2018). As illustrated by the
nnovations related to the issues (codes refer to innovations listed in Table 3).

Trade-offs (involved in addressing the issue) Related
innovations

th, air quality,
re

Animal welfare, energy use, economic cost H1; H3; H5;
Env5; Ec4
A6

Animal welfare, feed-food competition Ec6
soy), by-products, Economic cost, carbon footprint, phosphate

efficiency, feed conversion ratio
A10; Env 8;
Env 9; Ec6

Resource use Env2; Env 5-7
Animal welfare H4; Env2;

Env5-7
flows, financial risk Landscape quality Ec1-8; Env1;

O2
male chicks, Feather pecking, feed conversion ratio, animal

health, emissions, public health
A1-3; A6

Animal welfare A4-13
Animal welfare, economic cost H1; H3; H5;

O6
Economic cost H1

O6
e use Env1-3

sumers, activism H7; Ec2; O1



Table 3
Innovations for the Dutch egg sector identified through the interviews.

Theme Innovations

Animal health &
welfare (A)

1 Roosters: in-ovo selection
2 Roosters: market roosters
3 Multipurpose breeds for meat and egg production
4 Avian Influenza vaccine
5 Poultry red mite management (diverse techniques e.g. Q perch, use of herbs, better light in the barn and weekly cleaning)
6 Transport reduction through farm integration
7 Breeding and genetics (improvement in longevity, egg quality, feed efficiency, digestion of by-products, reduce aggression)
8 Gene editing (e.g. for Avian Influenza)
9 Sensors for the detection of diseases and monitor behaviour, use of data to improve management
10 Feeding insects to improve health and welfare
11 Germinated grains as feed
12 Systematic veterinary support
13 Robustness (focus on disease resistance, less on production)

Housing systems (H) 1 Emission reducing techniques (e.g. reduce particulate matter, ammonia and odour such as manure drying tunnels, litter removal systems, heat
exchanger, air ionisation, filters etc.)

2 Covered outdoor area or inner garden as a possible solution for avian influenza risks
3 Litter and dust bathing solutions (solutions to reduce dust bathing in own manure)
4 Energy production (integrate renewable energy in the housing e.g. solar panels, geothermal energy)
5 Permits (from mean-to-goal oriented permits e use sensors to monitor emissions instead of using a fixed list of emission factors per system)
6 Mobile housing systems/chicken sheds
7 New housing systems or farm designs for integral sustainable farms, visibility and transparency of the farms

Economy (Ec) 1 Create farm or egg concepts with added value (examples include Kipster, Rondeel, OerEi (fed on insects), Gezondheidsei (Healthy egg) as well
as selling roosters and soup chickens, and the use of certification schemes)

2 Local and direct sales as revenue model and as direct link to the consumer
3 Change European trade agreements to recognize a housing system with covered outdoor run
4 Demand oriented production (focus production on demand instead of supply, make agreements with retail)
5 Translate the costs of environmental investments to the consumer (e.g. emission reducing techniques) using an investment fund or concept

with added value
6 Carbon credits (include the CO2 footprint in the price of products)
7 Shorten the depreciation period of a farm to encourage innovation and renewal
8 Quality control of the eggs on farm (sorting and selecting eggs on farm to gain insight in quality and improve transparency in the chain)

Environment (Env) 1 Consumption change (better use and revenue for all chicken parts)
2 Consumption reduction (reducing livestock production and consumption)
3 Meat and protein alternatives like in vitro meat
4 Lowering the stocking density to reduce particulate matter emission
5 Drying poultry manure - manure pellets to sell
6 Manure incineration for energy production
7 Closed cycles (closing feed-manure cycles on a smaller scale, feed from the region)
8 Feeding insects (produced on manure or leftovers)
9 Feeding leftovers and by-products

Organisation (O) 1 Consumer information (improve information to consumers e.g. using QR codes, invest in the relation to society, improve transparency,
acknowledge the farmer as food producer)

2 Collaboration in the chain to improve the revenue model (producers organisation, collective buying, new collaborations)
3 Improvements in representation of the chain
4 Chain integration to improve optimisation and information exchange
5 Calamity fund
6 Block chain technology (passports across the chain)
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quote, it requires a new approach and raises new questions related
to availability, quality and safety of by-products. Several stake-
holders discussed the role insects could play in processing by-
products and providing livestock feed.

Also the origin (e.g. South America or more local) and compo-
sition (i.e. soy, no Genetically Modified Organisms (GMO) in-
gredients) of the feed were mentioned as sustainability challenges.
The increasing demand for eggs produced with non-GMO feed (i.e.
Verband Lebensmittel ohne Gentechnik (VLOG) certified), results in
an increased demand for non-GMO feed ingredients and/or alter-
natives to GM soy and maize (Castellari et al., 2018). This can result
in higher feed costs for farmers and negatively affect the phosphate
efficiency and carbon footprint of the feed.

Not only the efficient use of feed was mentioned as a sustain-
ability issue for the future, also resource use in general, including
land, energy and nutrients, was brought up. Opportunities for en-
ergy production through windmills and solar energy on-farmwere
suggested as innovations (Table 3). A more contested source of
energy production is the incineration of poultry manure for energy
production. Approximately one third of Dutch poultry manure is
incinerated in a biomass installation inMoerdijk (Billen et al., 2015).
While some stakeholders considered this as a good solution to
address the surplus of manure in the Netherlands, others believe
this is a waste of valuable resources. A more circular approach, by
better connecting feed and manure cycles on a more regional level
was suggested by several stakeholders to address challenges
related to nutrient and manure surpluses (see section 3.2).
3.1.2. Economic sustainability
With regard to economic sustainability, farm income was

mentioned as a key issue (Table 2). Several stakeholders expressed
limited farm income as one of the main weaknesses of the sector.
Due to limited integration of entities in the egg production chain,
each entity is striving for its own gain.

“The business model of the packing centre is currently that the
poultry farmer doesn’t earn anything, and the business model of
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the poultry farmer is actually that the packing centre doesn’t
earn anything” (Poultry farmer).

Solutions to improve farm income or income elsewhere in the
chain are considered to be limited as the sector operates in a free
market system and responds to changes in supply and demand.

“[poultry farmers in] the organic sector currently have a good
income. But this acts as an enormous pull factor. We already
know of dozens of projects that are being developed to keep
organic hens. As a result, we will have a surplus of organic eggs
in a while. And a disaster with unforeseeable consequences is
imminent. Because we have a free market, we cannot prohibit
anyone to keep organic hens” (Egg processor).

The continuous upscaling of farms was also mentioned as a
sustainability challenge. Upscaling of farms has implications for the
magnitude of the capital flows and associated financial risks.
Moreover, it can have an impact on the visual appearance of the
farm in the landscape and its acceptation by the local community,
which is more a social sustainability issue.
3.1.3. Social sustainability
In terms of social sustainability, issues mentioned included:

animal welfare, animal health, public health, working conditions,
farm succession, food safety, human consumption of animal pro-
tein, and the sector’s relation to society (Table 2).

Animal welfare is an important issue in the sector. Over the past
decades, the sector has been confronted with changes in legislation
and consumer demand related to animal welfare. After the ban on
battery cage systems, a transition towards more animal friendly
systems has been made. In addition to current animal welfare
standards in the four main housing systems (i.e. enriched cage,
barn, free range and organic), additional animal welfare re-
quirements (e.g. stocking density, covered outdoor access, light
intensity, enrichment material) have been formulated as part of the
Dutch Better Life concept. In 2018, in response to German consumer
demand for eggs of non-debeaked hens, and Dutch regulations
(2019), farmers had to shift to non-debeaked hens which posed
challenges with regard to addressing pecking behaviour and
aggression, and selective eating behaviour. A controversial issue
mentioned by stakeholders is the killing of one-day-oldmale chicks
(Gremmen et al., 2018). An alternative would be to select males in
the egg before birth (in-ovo selection). Although this field is
developing rapidly, this is not yet a feasible alternative for com-
mercial scale operations. Keeping the roosters for meat production
presents another alternative, and is done on small scale, yet, the
feed conversion ratio of this production is high, making it a con-
tested issue in terms of resource use efficiency.

“But fattening a rooster requires a lot of feed, a lot of land, a lot of
water, a lot of energy. That clearing your conscience, in fact, goes
at the expense of food supply of the others. That is just unfair”
(Poultry farmer).

In the Netherlands hens are increasingly kept in systems with
outdoor access (26% in 2018, compared to 15% in 2008), in response
to an increasing market demand for eggs produced in free range or
organic systems. Outside access and fresh air are considered as
most important aspects for hen welfare by consumers of free range
eggs (Pettersson et al., 2016). Outdoor access poses, however,
challenges for animal health.
“Outdoor access is nice, is beautiful, however, there are risks”
(Poultry farmer).

Especially the risk for the outbreak of avian influenza was often
mentioned by stakeholders. The Netherlands has been confronted
with regular outbreaks of Avian Influenza, often Low Pathogenic
Avian Influenza (LPAI). Farms with outdoor access are considered to
have a higher risk for LPAI compared to farms without an outdoor
run (Bouwstra et al., 2017; Gonzales et al., 2013). Not only for ani-
mal health, also for public health, Avian Influenza can pose a risk.
Especially in regions with a high livestock and human density, such
as the Netherlands, the risk of transmission to other farms and
humans is present (Jonges et al., 2015; Koopmans et al., 2004). For
that reason, many stakeholders suggested innovations to address
this issue, either through vaccination or using a covered outdoor
area (Table 3). Other animal health aspects mentioned included
improving the life span of laying hens and reducing antibiotic use.
Although antibiotic use was mentioned by some stakeholders,
others emphasized that it’s not an issue as the use of antibiotics is
relatively low in laying hens (0.9 daily doses per animal year)
(Heederik, 2018).

The emission of particulate matter can be considered both as an
environmental and a social sustainability issue (i.e. public health).
Recent studies investigating the impact of livestock farms on the
health of local residents (Freidl et al., 2017; IJzermans et al., 2018;
Kalkowska et al., 2018; Poulsen et al., 2018; Smit et al., 2017; van
Dijk et al., 2017) suggested an association between pneumonia
and proximity of poultry farms (Kalkowska et al., 2018; Poulsen
et al., 2018; Smit et al., 2017), but further research is required to
establish such an association. The impact of particulate matter on
health and working conditions of farmers and farm workers was
mentioned as a social sustainability issue.

“Last week I visited one [farmer] who is 65 years old, his farm
will be taken over by his son, who is 25, he said: ‘you don’t think
I expect of him to walk in this dust mess for 40 years’” (Poultry
consultant).

As illustrated by the quote, this can affect farm succession,
another well-known sustainability issue. Approximately 46% of
Dutch poultry farmers of 55 years or older have a successor. This
varies, however, between regions and farm size (CBS, 2016).

Food safety, including aspects such as dioxin and salmonella, is
considered by stakeholders as a precondition that will remain
important in egg production. Although one stakeholder mentioned
that housing systems without outdoor access have a higher food
safety level, hence a trade-off between outdoor access and food
safety, no consistent differences have been found in literature (e.g.
risk on Salmonella enteritidis infections) (Holt et al., 2011; Mench
and Rodenburg, 2018). Many factors can play a role in the health
status and food safety of hens including hen age, flock size, season,
breed, disease status, rodent and insect load (Holt et al., 2011).
Nevertheless, chemical contamination is a risk for hens in all sys-
tems (Mench and Rodenburg, 2018). At the start of this study, in
2017, fipronil was detected in Dutch and Belgian eggs. A Dutch
company had illegally used fipronil to combat poultry red mite on
poultry farms. As the concentrations of fipronil found in eggs could
possibly be harmful for children when consumed daily, the
Netherlands Food and Consumer Safety Authority blocked nearly
200 farms which were no longer allowed to transport eggs,
chickens and manure off their farm. The fipronil affair had an high
emotional and financial impact on the egg sector (Sorgdrager,
2018). The importance of addressing poultry red mite can also be
recognized in the innovations (Table 3).
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A few stakeholders mentioned human consumption of animal
protein as a sustainability issue for the future. As mentioned above,
making efficient use of resources is important to address challenges
related to scarcity of resources and a growing and increasingly
affluent world population. This raises questions on whether we
should consume animal protein in the future, if so, how much, and
what the alternatives are (Parodi et al., 2018; Van Zanten et al.,
2018).

“And I believe that, if we want to contribute to feeding the
world, we simply need to reduce animal products. And this is a
very difficult messagewhen youworkwith animal products and
when your entire … or yes, a large part of your network is
working in animal production” (Poultry farmer and co-founder
of Kipster).

A final social issue that was often raised by stakeholders was the
importance of having societal support and recognition for the
sector. This relates not only to society as consumers but also to the
neighbouring community. Listening to societal wishes (e.g. through
market demand), involving society in the development of your
concept, understanding underlying values of stakeholders, and
establishing connections to society (e.g. through education, pack-
aging) to inform consumers about farming practices was
mentioned as important, also in light of recent social media cam-
paigns and undercover videos published by NGO’s and activists
(Busch, G. and Spiller, A., 2018a, b; Stevens et al., 2018; van Asselt
et al., 2017). Pressure from activists and consumers are consid-
ered to play an important role in the enforcement of animal welfare
standards by retailers (Grandin, 2014; Scrinis et al., 2017).

3.2. Innovations

Innovations can contribute to addressing many of the sustain-
ability challenges mentioned. In total, the interviewed stakeholders
mentioned 177 innovations. After deduplication and restructuring,
these innovations could be organised in five main themes: animal
health & welfare, housing systems, economy, environment and
organisation (Table 3). As the number of times a certain innovation
was mentioned may not represent the priority a certain innovation
has to improve a theme, a follow-up questionnaire was sent around
to the stakeholders as well as to a group of 17 farmers participating
in the AnimalFuture project. Both groups were asked to select one
innovation within each theme that they would prioritize. In total,
out of the 24, 18 responses of stakeholders were recorded and can
be found in Fig. 1. In addition, the responses of 17 farmers onwhich
innovation has priority for their farm and for the sector are given in
this figure.

Within the theme animal health and welfare, techniques that
can contribute to the management and control of poultry red mite
were considered to have key priority by one third of the stake-
holders. In addition, they considered developing an in-ovo selec-
tion method to address the killing of one-day old male chicks, and
the use of sensors to detect diseases and monitor behaviour as
important innovations. Similarly, nearly half of the farmers
considered innovations related to poultry red mite as a priority for
their farm. For the sector in general, however, farmers felt it was
important to develop solutions for in-ovo selection of roosters. Also
the development of an Avian Influenza vaccine was considered as a
key priority by several farmers, both for their own farm and for the
sector in general (Fig. 1).

For housing systems, innovations that can reduce emissions of
particulate matter, ammonia and odour using different types of
techniques were prioritized by the stakeholders. This could involve
new housing systems or integral farm designs to address concerns
regarding public health. Moreover, the option to cover the outdoor
area or create an inner garden was considered as a potential solu-
tion to address the risks for avian influenza outbreaks. Farmers
agreed upon the importance of innovations to reduce emissions.
The vast majority of farmers also considered emission reduction as
a key priority for the sector. For their own farm, however, one third
of the farmers prioritized innovations that can also provide eco-
nomic benefits, such as solar energy production (Fig. 1).

Opinions on what has priority with regard to economic in-
novations varied between stakeholders. Translating the costs of
environmental investments (e.g. investments made in reducing
emissions) to consumers using an investment fund or concept with
added value was a key priority according to five stakeholders
(Fig. 1). Creating new farming or egg concepts focused on, for
example, health, circularity or animal welfare to create a price
premium for farmers, was also considered as a priority innovation.
Also amongst farmers, priorities related to economic innovations
varied, especially with respect to innovations at sector level. For
their own farm, nearly half of the farmers considered local and
direct sales as revenue model and as direct link to the consumer as
a priority. Also the development of a farm or egg concept was seen
as a priority by several farmers. For the sector, however, two other
innovations were considered important: development towards
demand oriented production (focused on demand instead of sup-
ply) and translating the costs of environmental investment to the
consumer (e.g. of investments made to reduce emissions). Espe-
cially the latter, would require a sector wide approach which ex-
plains why it was prioritized for the sector level, and not for
individual farms.

More aligned were stakeholders with regard to what has pri-
ority in terms of environmental innovations. Fifty percent of the
stakeholders gave priority to innovations that could add to circu-
larity by closing feed-manure cycles on a smaller scale. Feeding
insects produced on manure or leftovers could fit into a more cir-
cular approach andwas considered as a priority by six stakeholders.
Farmers’ priorities related to environmental innovations differed
from those identified by the other stakeholders, but also among
farmers. Solutions to address manure surplus (i.e. drying poultry
manure or manure incineration) were considered as a priority for
their farm by in total 41% of the farmers. While some of stake-
holders had argued against this (section 3.1). Nearly 30% of the
farmers prioritized innovations related to feeding (i.e. insects or by-
products) for their farm. For the sector, 30% of the farmers felt that
consumption change (making better use and revenue of all chicken
parts) has priority, and another 30% focused on manure incinera-
tion for energy production (Fig. 1).

Finally, organisational innovations that could contribute to
collaboration in the chain to improve the revenue model for
farmers were according to 50% of the stakeholders a priority. Also
41% of the farmers considered this a priority for their farm. Also
innovations related to consumer information were considered a
priority, by some of the stakeholders and by farmers (both for their
farm and for the sector).

3.3. Obstacles for the implementation of innovations

When stakeholders were asked which obstacles are currently
limiting the development and implementation of innovations, the
majority mentioned laws and regulations as a barrier. EU regula-
tions, for example, currently prohibit the use of insects in poultry
feed. Laws and regulations are often perceived as restrictive for
innovation (De Olde et al., 2016). In particular, municipal permits
related to ammonia emissions werementioned. These are currently
based on fixed emission factors determined for specific housing
systems and livestock species. Several stakeholders suggested a



Fig. 1. Innovations for the Dutch egg sector and their priority according to stakeholders (n ¼ 18) and farmers (n ¼ 17; specified for their farm and for the sector in general).
Stakeholders and farmers selected one innovation per theme. Bars indicate the absolute number of stakeholders and farmers selecting an innovation.
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transition towards a goal-oriented approach (i.e. lowering
ammonia emissions) based on on-farmmonitoring of the emissions
using sensors instead of a means oriented approach based on pre-
determined emissions factors of the housing systems and tech-
nology applied. This could give more transparency to farmers and
local communities in the real-time emissions of farms and could
provide farmers with more flexibility to address these environ-
mental challenges. Another restriction mentioned related to this
topic was that the process of getting a housing system or tech-
nology approved by the Dutch ministry takes relatively long and
requires sharing of information, which could be a competitive
disadvantage.
A second main obstacle is financial resources. Stakeholders
indicated that for individual farmers, pressure on farm income is
limiting the opportunities to invest in innovations. Moreover, the
need for a form of risk coverage was expressed as innovations are
often associated to higher costs and labour investments it involves
a higher risk to invest in (De Olde et al., 2016; Min et al., 2006). As a
sector, the abolishment of the national product board for poultry
and eggs in 2015, which used to collect collective funding for
research and innovation, has limited collective investments in
research and innovation. A new form of raising collective funding,
however, has been developed and was approved in April 2018
(Ministerie van Landbouw, 2018).
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Other barriers mentioned by stakeholders related to politics (i.e.
changes in politics and the focus on freemarket), bureaucracy (long
and complex subsidy procedures), requirements from certification
organisations and limited collaboration between institutes. Finally,
the presence of certain convictions in farming, society and politics
onwhat is considered as good or bad, sustainable or unsustainable,
can present a barrier. Examples of convictions mentioned include
the focus on increasing productivity, perceptions on gene editing
and the ban on phytase feed enzymes in organic agriculture.

The majority of the farmers (13 out of 17) that were interviewed
mentioned limited financial resources as the main obstacle for the
implementation of innovations on their farm. Also restrictions due
to a limited farm size and availability of land, limited time, regu-
lations or lack of farm succession were mentioned as obstacles or
limitations for the implementation of innovations.

4. General discussion

The innovations identified in this study are in many cases
directly linked to the sustainability challenges mentioned by
stakeholders such as particulate matter emission, avian influenza
and the killing of one-day-old male chicks. Moreover, the priori-
tized innovations resonate recent developments in the Dutch sector
including the 2017 fipronil affair (i.e. poultry red mite manage-
ment) (van der Merwe et al., 2019), outbreak of highly pathogenic
Avian Influenza on poultry farms in 2017/2018 (Beerens et al. 2017),
publications in 2016 and 2017 on the public health impact of live-
stock production (i.e. emission reducing techniques) (IJzermans
et al., 2018), and the opening of Kipster, a farm which integrates
innovations related to marketing, particulate matter emission,
feeding by-products and rearing of roosters (Kipster, 2019). As such,
the priorities identified by farmers and stakeholders are context-
dependent. Despite this context-dependency, many sustainability
challenges identified in this study have also been recognized in
other studies looking at the sustainability in egg production
(Mench and Rodenburg, 2018; Mollenhorst and de Boer, 2004;
Soisontes, 2017; Vaarst et al., 2015). In our study, however, we have
also identified sustainability issues relating to the broader societal
and ethical context that so far have received very little attention in
sustainability studies in egg production.

Soisontes (2017) presented an overview of sustainability con-
cerns in the poultry industry in Germany and Thailand. As Germany
is the largest consumer of Dutch eggs, similarities between sus-
tainability concerns can be expected. The top 10 of main concerns
in Germany included several animal welfare issues including the
killing of male layer chicks (no. 1), de-beaking (no. 4), stocking
density (no. 8) and housing system (no. 9). Especially the impor-
tance of killing of male layer chicks can be recognized also in the
Dutch priorities for innovations. Also the role of food retailers (no.
3), resource use (no. 6) and societal acceptance (no. 7) were
important issues that were also brought forward in this study. The
use of antibiotics was both in Germany and Thailand a top-10
concern which could be explained by the focus of the paper on
both meat and egg production. The use of antibiotics is higher in
meat production compared to egg production (the focus of our
study) (Heederik, 2018). Number one concern in Thailand was the
outbreak of Avian Influenza and other highly infectious diseases.
Absent from the list of 55 concerns presented by Soisontes (2017)
was the issue of particulate matter emission. Correspondingly,
Vaarst et al. (2015) discussed many similar environmental issues as
discussed in our paper, however, the impact of emissions of
ammonia and particulate matter on the environment and the
neighbouring community was not included. A possible reason is
that the challenges related to particulate matter and ammonia
relate to the high densities of livestock and people in the
Netherlands, making it a rather context specific issue. Nevertheless,
several recent papers from the USA have addressed particulate
matter and ammonia, which suggests that the issue is increasingly
recognized and studied (Mench and Rodenburg, 2018; Place, 2018;
Shepherd et al., 2015).

In other studies on egg production, water and/or biodiversity
have been included as sustainability issues (MacLeod, 2011;
Soisontes, 2017; Vaarst et al., 2015; van Asselt et al., 2015). Although
stakeholders mentioned resource use and land use, which can be
connected to water and biodiversity, both issues were not explicitly
mentioned by stakeholders as key for sustainable egg production in
the Netherlands. As Dutch poultry farms generally have limited
land, often only for the outdoor access, biodiversity of on-farm land
use might not be recognized as an issue. Nevertheless, getting
insight in the sustainability impact of egg production should also
include off-farm impact on biodiversity and water resources, in
particular those associated to feed production (Wilting and van
Oorschot, 2017).

Several studies have looked at sustainability issues in Dutch egg
production (Dekker et al., 2011; Mollenhorst et al., 2006;
Mollenhorst and de Boer, 2004; van Asselt et al., 2015). Although
there are many similarities with the issues mentioned in these
papers (e.g. animal welfare, animal health, greenhouse gas emis-
sions, resource use, farm income), sustainability issues related to
the broader context (e.g. feed-food competition, societal support,
public health impact of emissions, and human consumption of
animal protein) were generally not included. Instead, these studies
focused on assessing differences between housing systems and
showed how each housing system provides certain advantages and
disadvantages.

4.1. Moving towards sustainable egg production in the Netherlands

The interlinkages between the sustainability challenges dis-
cussed in this paper demonstrate the complexity of decision mak-
ing towards sustainable egg production. Insight in these
interlinkages and associated synergies and trade-offs between and
within environmental, social and economic sustainability issues
are, however, relevant to the development and implementation of
innovations and policies for sustainable development of the egg
sector (Bernu�es et al., 2011). Moreover, it explains why stakeholders
might disagree on solution pathways, for example, when one
stakeholder values outdoor access and another wants to minimize
animal health risks, or when one stakeholder aims to reduce their
carbon footprint and another wants to improve animal welfare. So,
how to move forward?

As expressed by the interviewees, improving animal welfare
conditions in egg production has been a dominant issue in the last
decades. Animal welfare, and especially outdoor access is highly
valued by society (Bos et al., 2018; Busch et al., 2018; Janssen et al.,
2016; Van Loo et al., 2014; _Zakowska-Biemans and Tekie�n, 2017).
The attention for animal welfare is especially recognizable in
market initiatives. Retailers have embraced initiatives contributing
to higher standards of animal welfare such as NGO-led certification
(e.g. Better Life certification (Toschi Maciel and Bock, 2013)), novel
housing systems (e.g. Rondeel (Klerkx et al., 2012)), or defined their
own criteria (e.g. ban on eggs from enriched cage and barn sys-
tems). Nevertheless, the dominant focus on animal welfare has also
received criticism: “While supermarkets support the development of
new markets for animal welfare friendly products (Miele and Lever,
2013) in partnership with NGOs in some instances (Miele and
Lever, 2014), their power is such that they continue to exploit na-
ture and the workers producing such products (Gouveia and Juska,
2002; Lawrence, 2012; Lever and Milbourne, 2015).” (Lever and
Evans, 2017). Several recent initiatives have aimed to address
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other sustainability issues. For example, supermarket Lidl has
committed to addressing environmental issues by supporting the
development of the Kipster farm and changing to white eggs for
environmental reasons (Schotman, 2019).

Such private initiatives are considered a powerful instrument to
address sustainability issues (H€orisch, 2018; Rueda et al., 2017).
Nevertheless, as seen before, initiatives aimed at addressing a
specific sustainability issue can result in trade-offs with other is-
sues. Moreover, as pointed out by Rueda et al. (2017) there is no or
little incentive for addressing an issue without consumers and civil
society awareness. This highlights the importance of consumers
being aware and well informed about the impact of their con-
sumption and the consequences of production methods (Vaarst
et al., 2015). This is challenging given the increasingly globalized
food system and rapid decrease in the number of farms. As a result,
there is an increasing disconnect between where food is produced
and consumed. Consumers are consequently increasingly separated
from the impact of their dietary choices (Davis et al., 2016).

Enabling consumers to make well-informed choices requires a
certain transparency through the chain (Vaarst et al., 2015). An
often proposed solution is the use of certification schemes or labels
to communicate how animals have been kept (Busch et al., 2018;
Heerwagen et al., 2015; Poore and Nemecek, 2018). The use of
private labels has increased rapidly over the past decades (Bostr€om
et al., 2015; Scrinis et al., 2017). Although they can be successful in
providing information on, for example, animal welfare conditions,
they do not often include trade-offs with other sustainability issues
(Lever and Evans, 2017). Moreover, concerns regarding the credi-
bility, validity, implementation, transparency and power relations
in certification schemes have been raised (Bostr€om et al., 2015; de
Olde et al., 2018; Lundmark et al., 2018). Moving towards sustain-
able consumption therefore requires transparency and re-
sponsibility across the chain.

Our results revealed the complex interaction of sustainability
challenges in the Dutch egg sector. Many sustainability issues and
innovations are linking the sector to its environment and to so-
ciety. Steps towards sustainable egg production therefore require
careful consideration of sustainability challenges and its trade-offs
while making use of multi-stakeholder dialogue and joint com-
mitments. The challenge is not to be overwhelmed by this
complexity but to embrace it by identifying and analysing small
wins, meaningful improvements, and mechanisms that can accu-
mulate these into transformative change (Termeer and Dewulf,
2018). Such an approach can energize stakeholders in taking
steps towards a more sustainable egg sector. This energy is needed
to develop and maintain the commitment of a wide range of
stakeholders to a transformation towards a more sustainable egg
sector. Experimenting and sharing experiences with innovations,
such as the ones presented in this paper, plays a crucial role in this
process.
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