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Abstract

Agriculture in Western Europe has become efficient and productive but at a cost.
The quality of biodiversity, soil, air, and water has been compromised. In the search
for ways to ensure food security and meet the challenges of climate change, new
production systems have been proposed. One of these is the transition to circular
agriculture: closing the cycles of nutrients and other resources to minimise losses
and end the impact on climate change. This development aims to address exist-
ing problems in food production but also raises questions about animal health and
welfare. Although the role animals can play in this development is not ignored,
the animal welfare dimension of circular agriculture seems to be overlooked. We
argue that this is a problem both for the success of circular agriculture and for the
animals involved. To substantiate this claim, we analyse the background to this lack
of attention, which we find in (a) the way circular agriculture is conceptualised; (b)
the institutional hurdles related to the legal, political and economic context; and
(c) the concept of animal welfare, which requires further innovation. By analysing
these aspects, we develop stepping stones for an animal-welfare inclusive concept
of circular agriculture. These stepping stones include: recognising the animal as
a participant with its own interests in the innovation towards circular agriculture;
using a dynamic concept of animal welfare; a concept of circularity that provides
space for social values, including animal welfare; and attention to institutional in-
novation by improving public engagement and building trust.
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Introduction

Agriculture in Western Europe has become highly efficient and productive during the
last decades (Benton & Bailey, 2019). However, this development has come at a cost.
The quality of biodiversity, soil, air and water has been compromised (e.g., Dudley
and Alexander, 2017; Parris, 2011). Climate change and resource scarcity further
complicate this situation and require farmers and other chain partners in the agri-food
sector to rethink their production practices. A transition to circular agriculture appears
to be a promising answer to these questions: closing the cycles of nutrients and other
resources to minimise losses and end the impact on climate change (Ministry of Agri-
culture, Nature and Food Quality, 2018;, 2019; Van Berkum and Dengerink, 2019).
However, circular agriculture does not only answer questions, it also raises new ones.
These include: At what scale should cycles be closed? What is the impact of this
change on the consumption patterns of consumers in different parts of the world?
(De Boer et al., 2019; Poore & Nemecek, 2018) And does it have an impact on the
perception of farmers? (Dagevos & De Lauwere, 2021). In addition, this transition
has implications for animals and their health and welfare. On the one hand, current
forms of livestock production contribute to climate change and biodiversity loss and
are therefore part of the reason for finding more sustainable forms of agriculture. On
the other hand, it has been argued that animals can play an important role in circular
agriculture, for example by converting organic matter that humans cannot or do not
want to eat, thus helping to close cycles (Van Zanten et al., 2018; Zanten et al., 2019).
Although the role that animals can play is not ignored, the animal welfare dimen-
sions of circular agriculture receive very limited attention (Buller et al., 2018). This is
reflected in recent policy reports on circular agriculture (e.g. Ministry of Agriculture,
Nature and Food Quality, 2019). Recent academic literature on circular agriculture
also shows very limited attention to animal welfare, even when animals are discussed
(e.g. Tagarakis et al., 2021; Shurson and Urriola, 2022; Grumbine et al., 2021; Bian-
chi et al., 2020). Few publications systematically address animal welfare (Bracke et
al., 2023). This is remarkable given the broad consensus in animal ethics that animals
are part of our moral community and that there is a strong moral imperative to take
animal welfare seriously in all contexts (Haynes, 2011; Knight et al. (eds.) 2023).
Furthermore, empirical data show that the European public considers animal welfare
to be increasingly important (EC, 2016; Schukken et al., 2019; Randler et al., 2021).

We argue that this lack of attention to animal welfare is a potential problem both for
the success of the development of circular agriculture and for the animals involved.
Taking animal welfare as a key concept in the transformation of agriculture allows
(a) to take animal interests seriously in the discussion on circularity, (b) to anticipate
challenges when animals play a role in circular agriculture and (c) to look for ways to
mitigate problems that arise when animal welfare conflicts with other public values.
To support this assertion of the importance of animal welfare for the development
of circular agriculture, we analyse the background to the current lack of attention.
We discuss three reasons: the position of animals and how circular agriculture is
framed; the institutional hurdles related to the legal, political and economic context
for including animal welfare; and the concept of animal welfare, which requires fur-
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ther innovation. Based on this analysis, we outline what an ‘animal welfare inclusive’
approach to circular agriculture might look like.

The Circularity Concept and the Role of Animals

The first reason for the relative silence about animals in the discussion lies in the
roots of the concept of circularity. It has its origins in both agro-ecology and indus-
trial ecology and it aims to conserve and manage natural resources for future genera-
tions. This means that the concept of circularity focuses on the ecological dimension
of sustainability (De Boer en Van Ittersum, 2018) where future generations are often
defined as future humans. Therefore, circular agriculture is a form of agriculture that
aims to produce food while preserving ecological values, such as fertile soil, clean
air, pure water, a healthy climate, preserving the quality of the landscape, nature and
biodiversity. While this account is promising for addressing pressing issues in con-
temporary agriculture, it has its shortcomings. In general, it does not specify which
values and public goods should be protected or promoted by closing cycles. As a
result, while the concept of circular agriculture does not by definition exclude atten-
tion to animal welfare, it does not yet include a consideration of whether animal
interests should be taken into account in the discussion on how to develop circular
agriculture. In addition, as circular agriculture focuses on the ecological dimension
and animal welfare is mainly an element within the social dimension of sustain-
ability, it easily is left out in the transition towards closing cycles. This issue is also
recognized more broadly in discussions on the role of animals in sustainability (e.g.,
Scherer et al., 2018; Tallentire et al., 2019). Finally, an optimisation in the context
of closing cycles seems to hinder the inclusion of animal welfare in the transition, as
it has been claimed that improving animal welfare leads to less efficient production
(Dawkins, 2016).

This easily leads to a situation where attention to animals depends mainly on their
instrumental role in closing cycles. It has been convincingly argued that animals
can play an important role in circular agriculture (van Zanten et al., 2019; Rods et
al., 2017). For example, they can convert low-value plant proteins into high-value
proteins suitable for human consumption. They can also convert organic matter that
humans are unable or unwilling to eat into valuable resources for food or manure.
In addition, the role of animals in circular agriculture could consist of providing
ecosystem services, such as maintaining soil quality, nature and water or the land-
scape or contribute to cultural and landscape values (e.g., cows and sheep grazing on
pastures). Some of these roles, such as providing ecosystem services or converting
biomass into resources for food are not restricted to the animals we traditionally use
in farming, such as pigs or chickens, but includes also insects (Torgerson et al. 2021;
Ojha et al., 2020). This is in addition to the social and cultural roles that animals play,
for example in low-wage countries, where animals play an important role as tractive
power or as social or financial capital (Gwaka & Dubihlela, 2020; Umaru et al., 2013;
Mboungho et al., 2018).

Although animals can play an important role, this rather instrumental view of ani-
mals as functional parts in closing cycles is problematic. It easily ignores what has
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been convincingly argued by many authors that animals are morally considerable for
their own sake and that humans can have duties towards other animals (cf. Callicott,
1980; DeGrazia, 1996; Korsgaard, 2005; Midgley, 1983; Nussbaum, 2006; Regan,
2004; Singer, 1995; Warren, 1997). These duties at least include a non-harm principle
that is a minimal form of paying attention to animal welfare and requires that animal
interests should be included in the debate about the design of circularity.

Legal and Economic Frames

A second reason for the relative silence on animal welfare lies in the current legal and
economic frames of agriculture and food production. Legislation can be an effective
tool to address and protect animal welfare. In line with the ethical arguments men-
tioned above, animal welfare has also been recognised as a relevant issue in politics
and policy and translated into animal welfare legislation (e.g. Tanzanian Govern-
ment, 2008; Costa Rica, 1994). In Europe in particular, attention to animal welfare
has been embedded in treaties, directives and national legislation for several decades
(EC, 2007; 2014). However, despite the increasing attention to animal welfare in
national and European legislation, there are still several unresolved issues regarding
the legal status of animals. For instance, in many countries where animal welfare
legislation is in place, animals are still commodities with less legal protection than
humans. Even when the underlying value framework for animal welfare is explic-
itly mentioned in the legislation, such as the intrinsic value or dignity of an animal
(e.g., the Netherlands Animals Act and the Animal Welfare Act of South Korea) or by
including the dignity of all living beings in constitutional law, such as in Switzerland,
questions remain about how to make animal welfare operational, and these are often
difficult to answer. This ambiguity regarding the position of animals in legislation
and the conceptualisation of their welfare in practice can easily lead to the neglect of
the animal welfare dimension or to trade-offs between human and animal interests
where human interests can easily trump animal welfare, for example when measures
to combat climate change have negative impacts on animal welfare. This underlines
the importance of further attention to the place of animals in legislation, but also of
systematic reflection on the practical consequences of the existing recognition of
animals as significant for their own sake.

From a market perspective, the question of what role animals should play in cir-
cular agriculture is traditionally answered in terms of supply and demand. From this
perspective, the transition to circular agriculture takes place in a world where there is
an expected growth in global consumption of animal proteins with an increase of 14%
by 2030 compared to period average of 2018-2020 (OECD/FAQ, 2021, 164-165). In
line with these expected consumption rates global meat supply is expected to expand
to 374 million metric tonnes by 2030 (OECD/FAO, 2021: 164). Meat production is
expected to increase in China, Brazil and the United States in particular, with a signif-
icant increase in poultry production. Therefore, from a traditional market perspective,
animals still play, and will continue to play, an important role in the discussion on
circular agriculture due to consumer demand for meat. However, within this context
of animals being used for food production attention to animal welfare is complex.
The commodification of animals is mainstream, but the commodification of animal
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welfare is less well developed. Improving the welfare of farm animals is difficult to
evaluate from a purely economic perspective (Fernandes et al., 2021). As a result, it
is still not easy to make money from raising welfare standards. More generally, there
is a lack of market consensus on the importance of animal welfare and minimum
animal welfare standards that could guide animal welfare issues at the international
level and across different production systems (Horgan & Gavinelli, 2006; Buller et
al., 2018). This is particularly problematic as European agricultural policy is no lon-
ger characterised by strong state control and market partners can no longer look only
to governments for animal welfare. This leads to new dynamics between government
and market actors, and to more market-based governance (Vogeler, 2019).

The legal ambiguity about how to protect animals and ensure their welfare, com-
bined with the apparent inability to make animal welfare an argument in its own right
from a market perspective, contributes to the silence about animal welfare in the
development of circular agriculture. It also contributes to the process that we have
already identified in the discussion on the concept of circularity: animal welfare is
only considered, if at all, when animals already play a role in agriculture. However,
in the discussion on how to design and develop the transition to circular agriculture,
the impact on animals and their interests is overlooked.

Animal Welfare as a Complex Concept

A final reason that may explain why animal welfare remains under the radar in the
discussions on circular agriculture has its origins in the concept of animal welfare
itself. Animal welfare is a complex concept with many definitions (Lawrence et al.,
2019; Von Keyserlingk & Weary, 2017). Since the 1960s animal welfare has been
defined in terms of the five freedoms (Brambell, 1965), which is still reflected in
many legal and policy documents and in teaching for professionals (De Briyne et al.,
2020; Mench, 2022). At the same time the shortcomings of this welfare concept have
been widely discussed (McCulloch, 2013; Ohl & van der Staay, 2012). In particular,
the importance of considering positive emotions, which seem to be missing in the
Five Freedoms model, has been highlighted (Mellor & Beausoleil, 2015), but also
critically discussed (Lawrence et al., 2019). Furthermore, animal welfare has been
defined as a function of adaptation, resulting in a dynamic concept of animal welfare
(Ohl & van der Staay, 2012), which has been further modified and extended (Arndt et
al., 2022). It is not the aim of this paper to review the animal welfare literature of the
last decades, but the academic debate shows profound differences in the way welfare
is conceptualised. Furthermore, animal welfare concepts are influenced by ethical
considerations, such as views on the moral status of animals and the importance of
welfare as such (Meijboom, 2017). This is well reflected in Fraser’s quality of life
concerns (Fraser et al., 1997), and again shows a diversity of views on why welfare
is important and what welfare means for animals.

As aresult, it is not self-evident what it implies taking animal welfare into account
in the transition towards circular agriculture. Different questions and concerns will
arise depending on one’s view of animal welfare. To illustrate this point: suppose
that an animal is fed a different type of feed as a result of circular farming. From a
classical five freedoms approach or Fraser’s ‘biological function’ view, this situation
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is mainly a question of sufficient nutrients, whereas a dynamic concept of welfare
will ask whether the new feed fits within the adaptative capacity of the animal to
adequately respond to this new situation and if it allows the animal to experience the
novel situation as positive.

A further complication is that closing cycles focus on collectives rather than on
individuals. This easily conflicts with the view on animal welfare that is tradition-
ally associated with individual entities rather than to systems or collectives (Broom,
2010). Addressing welfare at a collective level is not entirely new. Several initiatives
have been developed, such as the Welfare Quality® project to assess animal welfare
at the farm level (Keeling, 2009). However, the move towards circular agriculture has
a focus that goes beyond the level of individual farms and strives for system change.
This entails that the level of aggregation is also no longer at the level of the individual
animal or individual farm. As a result, a project such as Welfare Quality® cannot be
applied one-to-one to integrate animal welfare into the development of circular agri-
culture. Initiatives such as the One Welfare approach (Pinillos et al., 2016) are more
promising in this context, as they propose an integrated account that combines animal
welfare, human well-being and the environment. However, this higher level of aggre-
gation complicates the well-known problems of determining net welfare and evaluat-
ing a welfare state as positive or negative (Lawrence et al., 2019). This requires the
development of (a) indicators that allow the comparison of the effects of different
forms of circular agriculture in terms of animal welfare, and (b) a method that helps
to aggregate these indicators in a way that allows animal welfare to be assessed.
However, this has not been done so far and is a complex task (Sandee et al., 2019).

In summary, the lack of attention to animal welfare in the transition to circular
agriculture is not the result of mere indifference towards animals and their interests.
Even if it is accepted that animal welfare is a relevant consideration in circular agri-
culture, it requires attention at the level of the concepts of circularity in agriculture
and animal welfare, and calls for a critical discussion of the current legal and eco-
nomic frameworks.

An animal welfare-inclusive approach to circular agriculture (a) needs to include
animal welfare at the design stage and not just for the instrumental role of animals in
closing cycles, (b) should come with a view of animal welfare that fits the integrated
approach to circular agriculture that goes beyond individual welfare, and (c) needs
to find better ways to integrate animal welfare into the legal and market frameworks
of agriculture. In the next section, we propose some building blocks for an animal
welfare inclusive approach to circular agriculture.

Towards an Animal Welfare Inclusive Approach of Circular Agriculture

The background of the limited attention paid to animal welfare in the transition to
circular agriculture shows that the problem will not solve itself. It requires change
and innovation in the way animals are valued, in the concepts of animal welfare and
circular agriculture, and in the legal and market infrastructure. In this part of the
paper we propose a number of building blocks that contribute to an animal-welfare
inclusive approach to circular agriculture. The proposals are inspired by the line of
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thought first presented in an advisory report by the Dutch Council on Animal Affairs
(RDA, 2020).

Towards Animals as Participants

Changing attitudes towards animals is an important first building block. In line with
the above-mentioned moral status of animals, and recognising that animals have a
role to play in the transition to circular agriculture, it is important to consider animals
as involved interest groups that should be taken seriously for their own sake in this
transition. Recognising animals as being part of the transition does not deny that
animals can cause problems that underlie the need for circular agriculture or that they
can be part of the solution to a current problem, but it prevents animals from being
evaluated only in instrumental terms for their potential role in closing cycles. In their
many potential roles animals are an indispensable part of the process towards circu-
lar agriculture. Therefore, they should be approached as participants in the sense of
beings with interests who are also involved in the transition. And animals, as sentient
beings, have interests, including an interest in good welfare. Therefore, the concept
of circularity should take into account the interests of humans, the environment and
animals in an interspecies approach (cf. Bergmann, 2019; Nieuwland, 2020). This
means that animal welfare must be taken into account at the design stage and not only
when implementing solutions that use the function of animals.

It is important to emphasise that this position is a building block, rather than a fully
developed ethical view of what we owe to animals. In this paper, we focus on the
need to pay more attention to animal welfare, but this does not deny that our duties
to animals go beyond animal welfare (Bovenkerk & Nijland, 2017). Furthermore,
this attitude towards animals does not exclude the ethical possibility that animals
may play a role in future agriculture and that there will be products of animal origin
in circular agriculture. However, recognising animals as part of the innovation and
as having their own interests, including their welfare, requires that animals are taken
into account from the outset of the discussion, which will require a change in many
current animal husbandry practices.

Animal Welfare: A Dynamic Concept

At the level of the concept of animal welfare three building blocks seem to be rel-
evant for an animal welfare inclusive approach. Again, the first step starts with the
attitude towards animals as engaged beings with interests in the design process.
From this point of view, animals do not correspond to their functional role. There-
fore, an approach that focuses only on the functional dimensions of welfare, such as
growth and offspring, is not sufficient. What is needed is a welfare concept that takes
into account positive welfare and the animal’s ability to adapt to new situations, as
envisaged in the design of circular agriculture. Under these conditions, a classical 5
Freedoms approach is not sufficient as it lacks both the attention to positive welfare
(Yeates & Main, 2008) and the ability to take into account the adaptive capacity of
animals. A more dynamic concept of animal welfare that takes the adaptive capacity
of animals as a central dimension (Ohl & Van der Staay, 2012; Arndt et al., 2022) is a
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promising start to integrate animal welfare in the design phase. This allows the ques-
tion to be raised as to which scenarios for circular agriculture are possible within the
limits of the adaptive capacities of the animals or animal species involved, in order to
ensure that the closing of cycles leads to a situation that can be assessed as positive
by the animals involved.

A further building block starts with the need to reflect on the relationship between
the individual animal and its position as a member of a group (e.g., Ohl and Putman,
2014). This is necessary because the debate on animals in circular agriculture cannot
be framed as a simple distinction between either starting with individual welfare or
in a systems approach. Although animal welfare is primarily related to the individual
(Richter & Hintze, 2019) most animals need groups and systems to experience wel-
fare. As a result, innovative systems can be designed in a way that takes into account
the interests of animals, but this requires innovation in animal welfare science (Buller
et al., 2018). Among other things, it requires that the used concept of animal wel-
fare can address existing and anticipated problems associated with circular agricul-
ture. For example, circular agriculture as a way of dealing with the effects of climate
change raises additional animal welfare issues because of the potential impact of
climate change on animal welfare. The living conditions of animals are affected by
climate change through more extreme weather conditions, whether warm, cold, dry
or wet. However, little is known about these impacts. Further research is needed to
examine existing circular farming scenarios from an animal welfare perspective, tak-
ing into account the impact of climate change on animal welfare from the start.

A final building block is the ability to deal with ethical dimensions related to
animal welfare. The transition to circular agriculture raises quite complex ethical
issues. This starts with a view of the moral status of animals, as we highlighted in the
first building block. Recognising animals as beings with moral status who should be
included in our moral reasoning excludes the idea that animals are just instrumental
parts of the transition. They are involved in the transition and have their own inter-
ests, including an interest in positive welfare. This means not only potential conflicts
between humans and animals but also between animals.

Therefore, the transition to circular agriculture will need to address issues of bal-
ancing the overall welfare of the animals involved with the welfare of the animals
that are least well off.

For example, if closing nutrient cycles leads to a change in feed for pigs, this may
affect their health. Suppose that this risk is taken seriously and the composition of the
diet is adjusted so that most, but not all, of the pigs’ health problems are addressed. As
aresult, on average, pigs living on this new diet will have no welfare problems due to
the change in diet. However, a small proportion of pigs - which in practice is a rela-
tively large number of animals - develop health problems and have to be treated or
killed prematurely. Whether this situation is acceptable from an animal welfare per-
spective is not self-evident and requires ethical reflection. In this process of reflection
animal welfare science is essential to help determine what the most negative impact
on the welfare of an individual animal could be as a result of a decision to close
cycles. Applying a ‘maximin strategy’ is the next step that aims at minimizing the
possible loss to animals in that worst-case scenario (cf. Rawls, 1972). This principle
implies that scientific input is needed to find ways to mitigate these serious welfare
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problems as much as possible. Based on these two steps, it is possible to determine
which potential welfare problems are still on the table and cannot be accommodated.
As a third step, a transparent process of making an ethical assessment is needed that
is explicit about how animal welfare is aggregated and how it is weighed against
other relevant interests and values (e.g. Tallentire et al., 2019).

Circularity with Room for Animal Welfare

The next step relates to the concept of circular agriculture. As discussed above, the
ecological dimension of sustainability has been dominant in closing cycles. It is
important to stress that this ecological dimension already offers opportunities for
animal welfare, for instance in terms of a more natural way of life. However, a fur-
ther conceptual step is necessary. In addition to the ecological dimension of sustain-
ability, circular agriculture should also take into account the economic and social
dimensions of sustainability. In other words, it should be economically viable and
socially responsible (Fig. 1). This broader approach to circular agriculture allows
for the inclusion of animal welfare as an element within the social dimension of
sustainability rather than within the ecological dimension. This implies that animal
welfare is not automatically part of circular agriculture and that good animal welfare
practices should be a separately formulated and monitored requirement for the devel-
opment of circular agriculture.

Institutional Innovation: Public Engagement and Trust

With an animal welfare concept that is responsive to circular agriculture and with
an account of circular agriculture that encompasses attention to animal welfare, we
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have not yet addressed the more institutional problems that are rooted in the current
legal and economic frameworks. If these remain unaddressed, animal welfare will
still not be taken into account. The final part, therefore, focuses on this institutional
dimension. Changing the legal and economic context is complex and cannot be the
task and responsibility of just one party (Fernandes et al., 2019). However, there are
opportunities. Circular agriculture requires a redesign of our food system that takes
into account all dimensions of sustainability (people, planet and profit). This requires
input from many parties, including government, business and NGOs. This includes
those in a position to shape and reshape the political, regulatory and market condi-
tions of food production. This transition will take time. This is not only a risk, but
also an opportunity. Institutional frameworks do not change overnight. It is therefore
important to use this time to address the institutional dimension and to embed animal
welfare. As a result, good animal welfare practices should become a requirement
rather than an issue dependent on the goodwill of individual farmers or NGOs. This
may be part of government policy or embedded in a private certification system. The
rise of private animal welfare labels and standards shows that joint market initiatives
can result in new ways to improve animal welfare (Heerwagen et al., 2015; Vogeler,
2019). However, just as the traditional legal infrastructure does not provide much
space for animal welfare, innovation is also needed in the economy to give animal
welfare a more robust position (RDA, 2017) that can be applied in the context of
circular agriculture. There is also a need for a level playing field within Europe.
This requires the strengthening of networking and coordination in Europe in order to
develop circular agriculture also in a European context. The European Farm to Fork
Strategy as part of the European Green Deal could serve as an important platform
here (EU, 2020), as well as initiatives such as the OECD’s decision to include animal
welfare standards in the OECD Guidelines for Multinational Enterprises on Respon-
sible Business Conduct (OECD, 2023). These possible routes all show that the prob-
lems at the infrastructure level require a multi-stakeholder approach. Firstly, this
need is a consequence of the complexity of the institutional or economic challenges
associated with integrating animal welfare, which means that neither governments
nor market actors can address them alone. In addition, the need for a multi-stake-
holder approach has a normative dimension: food and animal production, as well as
climate, are matters of public interest and concern to society. Therefore, how animal
welfare is implemented as part of the transition to circular agriculture requires public
engagement. This means more than just raising awareness among consumers and
civil society about the impact of their consumption on future agriculture (De Olde et
al., 2020) or engaging only with technical experts. The former does not lead to real
engagement, and the latter risks limiting the debate to dominant perspectives (Kayu-
mova et al., 2019). Two-way public engagement is crucial for two reasons. First, it
leads to a stakeholder approach that includes all relevant perspectives on circular
agriculture, including the ability to reflect on necessary changes in the institutional
infrastructure. Second, public engagement helps to build trust, which is essential for
innovation in agriculture, including animal welfare (Kjernes et al., 2022). This need
for trust is not limited to (individual) consumers. The complexity at stake means that
no actor in the innovation towards circular agriculture is able to act without relying
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on the competence and motivation of others. It is therefore important that govern-
ments, professional organisations of farmers and veterinarians, retailers and animal-
and consumer-related NGOs work together to find a concept of circularity that takes
into account the interests of people, the environment and animals.

Conclusion

In this paper we elaborated on the claim that the lack of attention to animal wel-
fare in the development of circular agriculture is problematic both for the successful
implementation of this innovation of agriculture and for the animals involved. It is
problematic for circular agriculture because it would exclude animals as a relevant
stakeholder and would ignore animal welfare as a social value that plays a role in the
design of more sustainable forms of agriculture. It is problematic for animals because
the lack of attention to their welfare can lead to situations that may be sustainable
from an environmental perspective, but are not sustainable for the animals involved.

We have shown that circularity and animal welfare are not mutually exclusive.
However, the relationship is not self-evident. Including animals and their welfare
in the transition to circular agriculture requires innovative steps in the concepts of
circularity and animal welfare, as well as in the legal and market infrastructure. To
address the current lack of attention, we propose to start from (a) the recognition of
the animal as a participant with interests in the innovation towards circular agricul-
ture, (b) the use of a dynamic concept of animal welfare, (c) a concept of circularity
that provides space for social values, including animal welfare, and (d) innovations
in the legal and market infrastructure of food production.

These proposed innovations will not solve all animal welfare problems in the con-
text of circular agriculture. They may even complicate the situation. There will be
economic consequences of taking animal welfare into account, there are public health
risks associated with improving animal welfare, there are animal welfare issues in
reducing greenhouse gas emissions, and there are still conflicts between animal
welfare and biodiversity protection that require careful assessment and debate. This
should not be seen as an argument against including animal welfare in the debate.
Circular agriculture is characterised by many complex issues and this complexity is
not limited or even exclusive to animal welfare issues.

By including animal welfare as one of the central concepts from the outset of the
transformation of the food system, it can do justice to the moral position of animals,
better anticipate potential challenges and look for ways to mitigate problems that
may arise when animal welfare conflicts with other public values. This will require
time and energy, as well as an attitude of transparency and trust on the part of all
stakeholders to critically discuss the concept of animal welfare in the light of circular
agriculture and to critically reflect on how circular agriculture can include animal
welfare. This will accelerate the process in the long term and enable the development
of a food system that can address with the impacts of the pressing challenges of cli-
mate change, population growth and biodiversity loss, and include animals and their
welfare as a crucial concept of circular agriculture.
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