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Introduction

Since the 2000s, the circular economy
(CE) and bioeconomy have become
key strategies in Europe, particularly
in France, as the economy has become
largely linear and based on fossil
resources. The aim of these strategies
is to transition to a more CE based on
renewable resources, in particular bio-
mass from agriculture.

Many definitions and narratives are
associated with these two concepts, and
reviews have tried to summarise them,
whether for CE (Kirchherretal.,, 2017)
or for the bioeconomy (Levidow et al.,
2013; Pahunetal., 2018; Vivien etal,,
2019). Korhonen et al. (2018) attribute
the multiple definitions of CE to the
fact that the concept and its application
have been developed and managed
almost exclusively by institutional prac-
titioners (e.g. policy makers, companies,

consultants, associations, business
foundations). This diversity may explain
the appeal of these concepts, but it also
makes it difficult to understand their
exact meaning (Corvellec et al., 2021).
The lack of a theoretical framework,
and sometimes even awareness, by
those who promote CE and the bioe-
conomy, of the criticisms of these “umb-
rella” concepts (Corvellecetal., 2021)
highlight the risk of semantic misuse
of the terms, particularly by avoiding
the issue of the sustainability of circu-
lar (bio)economies (Vivien et al., 2019).

To institutions, the prefix “bio-"added
to"economy”signifies the integration of
living matter into economic processes.
To critics, however, the aim is to reinte-
grate economic processes into the
biosphere and planetary boundaries
(Vivien etal., 2019).

Although studies of the CE do not
focus mainly on agricultural issues,

it is surprising that those of the bio-
economy, which by definition focuses
more on agri-food systems, rarely
refer to livestock production, even
though it represents a significant pro-
portion of the bioeconomy’s potential
(Dourmad et al.,, 2019). In studies of
the bioeconomy, livestock farming is
discussed mainly in relation to the use
of livestock manure to produce energy
via anaerobic digestion (Dourmad et al.,
2019). However, livestock farming is
one of the most important systems
for transforming agricultural biomass.
Worldwide, animal feed represents
more than 60% of all biomass produced
by agriculture and uses more than 40%
of arable land (Mottet et al., 2017).

Here, we begin with institutional
definitions in European Union (EU)
and French strategies and provide a
critical reading of them, illustrated by
livestock sectors. We use this reading to
analyse overlooked elements, hidden

1 This article is based on an invited presentation at the 26th “Rencontres Recherches Ruminants’, 7-8 December 2022 (Madelrieux et al, 2022).

https://doi.org/10.20870/productions-animales.2023.36.1.7430

INRAE Productions Animales, 2023, numéro 1



2/SOPHIE MADELRIEUX, JEAN-YVES COURTONNE, MYRIAM GRILLOT, SOUHIL HARCHAOUI

assumptions, and unintended conse-
quences, and to reassess what can
be taken for granted (Corvellecetal.,
2021; Allain et al., 2022). Our aim is to
draw attention to points that might
otherwise be considered unproblema-
tic, especially by practitioners, to trans-
form how the bioeconomy and CE are
viewed, so that rendering them ope-
rational for livestock farming can help
meet the target of strong sustainability
(Allain etal., 2022).

This critical reading is based on i) an
historical perspective, showing that the
concepts of the bioeconomy and CE are
not new, but are currently promoted due
to changes in the use of biomass and
several disconnects that call for a return
to multiple uses of biomass and recou-
pling of what has become decoupled, in
particular flows of biomass and nutrients,
and ii) criticisms of this lack of conside-
ring the history, scientific knowledge,
or true connections between the bioe-
conomy and sustainability, illustrations
of these criticisms in livestock sectors,
and the potential of livestock farming
to become an asset for the bioeconomy
and sustainability if these criticisms are
addressed.

1. Institutional framework

H 1.1. Bioeconomy

In Europe, the bioeconomy emerged
as a new frame of reference for public
action in the 2000s when it was adop-
ted by the Organisation for Economic
Co-operation and Development (OECD)
(after it published the forecasting report
21t Century Technologies) and then by
the EU (Pahun et al,, 2018). These insti-
tutions consider biotechnology a key
driver of European economies. The
bioeconomy aims to replace the use of
non-renewable resources with “biore-
sources” to produce bioenergy, bioma-
terials, and other biosourced products.
While it has no single definition, it invol-
ves a biomass-based economy, promo-
tion of biotechnology, and development
of biorefineries (Pahun et al.,, 2018).

In France, the ministries responsible

for ecology, research, and agriculture
and food drew up a “bioeconomy
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Institutional definitions of the bioeconomy

Organisation for Economic Co-operation and Development (OECD)

In the early 20005, the OECD defined a “bio-based economy” as “the application of biotechnologies for
economic and/or environmental protection purposes”

French Ministry of Agriculture and Food Sovereignty

On the Ministry’s website (September 2022), the bioeconomy is defined as: “encompassing all biomass
production and processing activities, whether forestry, agriculture or aquaculture: /) the production of biore-
sources (plant and animal resources from the agriculture, forestry, aquaculture and fisheries sectors); ii) agri-
food (processing of products for our food); /i) biobased products (manufacture of products from plant or
animal sources for materials or chemical uses); iv) recovery of organic waste (composting of green waste or
use of livestock waste for energy production or as fertiliser); and v) bioenergy (use of the energy stored in
biomass, such as for anaerobic digestion or biofuels)”

Institutional definitions of the circular economy

European Commission

The CE is an economy in which “the value of products, materials, and resources is maintained in the economy
for as long as possible, and the generation of waste is minimized"”.

French Environment Code, article L.110-1-1

“The transition to a circular economy aims to move beyond the linear economic model of extraction, manu-
facture, consumption and disposal by calling for the sober and responsible consumption of natural resources
and primary raw materials and, in order of priority, the prevention of waste production, in particular through
the reuse of products, and, in accordance with the hierarchy of waste-treatment methods, the reuse, recycling

or, failing that, recovery of waste..."

strategy” in 2017, along with a 2018-
2020 action plan”. Despite its broad
definition of the bioeconomy ( ),
which included agricultural produc-
tion and its food and non-food uses, the
action plan referred almost exclusively
to non-food uses. The actions related
to livestock sectors included develo-
ping a value chain for sheep wool and
hides, developing and strengthening a
value chain for calf hides, strengthening
value chains for offal, and removing
regulatory obstacles and facilitating
investment in agricultural anaerobic
digestion.

M 1.2 Circular economy

In 2015, the Energy Transition for
Green Growth Act enshrined a defini-
tion of CE in the French Environment
Code ( ). To support the transition
to a CE, a guideline (FREC) was publi-
shed in 2018 that contained “50 mea-

2 https://agriculture.gouv.fr/une-strategie-

sures for a 100% circular economy”
based on four themes: improving
production, improving consumption,
improving waste management, and
involving all stakeholders. Because the
agricultural sector plays a large role in
the CE, an agricultural section of the
FREC was published in 2019°. The agri-
cultural sector was identified mainly
for its ability to recover biowaste on
farmland and reduce the use of synthe-
tic fertilisers, decrease loss and waste
in primary production, and prevent
and manage farm waste better. These
actions were consistent with the 2018-
2020 bioeconomy action plan.

B 1.3 The circular
bioeconomy

In 2018, the new EU strategy for the
bioeconomy emphasised that to be
successful it must be based on sustai-
nability and circularity. The concept of

3 https://agriculture.gouv.fr/telecharger/95176

bioeconomie-pour-la-france-plan-

4 https://environment.ec.europa.eu/topics/

daction-2018-2020

circular-economy_enhttps://www.sifco.fr/
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Relationships between the bioeconomy, circular economy, and circular bioeconomy.

BIOECONOMY

Economy based on using
biomass from photosynthesis

« Food and non-food uses
o Multiple uses of biomass

— not necessarily circular

CIRCULAR
BIOECONOMY

Replacing non-renewable
° resources with biomass

« Using bioresources optimally

CIRCULAR ECONOMY

Economy based on producing
goods and services while limiting
resource consumption and loss, as

well as waste production, in particular

« Minimising biowaste

= not necessarily
sustainable

through reuse and recycling

— not limited to renewable
resources (including biomass)

Source: the authors, inspired by Kardung et al., (2021)

a circular bioeconomy (CB) appeared,
which combines the concepts of bioe-
conomy and CE to focus on applying a
circular approach to the bioeconomy
(Kardung et al,, 2021). A CB is not, howe-
ver, necessarily sustainable (Giampietro,
2019), as described and discussed
below. The concepts of bioeconomy,
CE, and CB have specific relationships
( ).

H 1.4. Implementing
the frameworks

The bioeconomy strategy for France
was designed to be implemented in its
regions and territories (CGAAER, 2019).
The aim was to provide new outlets for
the primary sectors (e.g. added value,
employment), increase the compe-
titiveness of industries, and provide
innovative and more sustainable deve-
lopment solutions to its regions, while
reducing dependence on imported raw
materials. Although its implementation
varied considerably among the regions
(CGAAER, 2019), economic stakeholders
have used these concepts to promote
their activities and show how they
respond to the socio-economic and
environmental issues promoted by the
bioeconomy and CE.

For example, the union for French
animal by-product industries (SIFCO)
describes the recovery of these by-pro-

ducts as the “CE tool” of livestock sec-
tors, enabling more than three million t
of animal biomass to be recovered each
year through a variety of processes
(40 sites and more than 3,600 jobs).“By
preventing these resources from being
lost and maximising their added value,
it enables us to meet the needs of other
industries, potentially as a substitute for
other raw materials"°. Another example
is agricultural cooperatives, which,
released in 2017°“19 examples based
on the pillars of the CE, such as sustai-
nable sourcing, eco-design, industrial
and territorial ecology, the functiona-
lity economy, responsible consumption
and recycling”.

2. Historical perspective

B 2.1. Major changes in
the use of biomass: biomass
leaving the economy

Institutions have defined the bioe-
conomy as “the economy of photosyn-
thesis and more broadly of the living”
and“a new vision of the living”’, but it is

5 https://www.lacooperationagricole.coop/
media/4373/download

6 https://agriculture.gouv.fr/la-bioeconomie-
nouvelle-vision-du-vivant

7 https://boku.ac.at/en/wiso/sec/research/
gesellschaftlicher-stoffwechsel

not a new idea. For example, animal by-
products have had multiple uses: hides
for clothing; fat for soap and street ligh-
ting; intestines for human consumption;
horns, hooves, and blood for fertiliser;
and by-products for pig feed (e.g. whey
from cheese factories).

Daviron (2019) reviews the history of
biomass (sources and uses) and agricul-
ture (as a source and consumer) since
the end of the 16 century. He considers
that the uses of biomass were related
mainly to the place of biomass in the
social metabolism of societies (i.e. in
the input of matter and energy) and
the relative proportions of food and
non-food uses. He drew on research by
the Institute of Social Ecology® (Austria)
on socio-metabolic regimes ( ) to
describe changes in the use of biomass.

There are two socio-metabolic
regimes: solar/agrarian and mining/
industrial. A society with a solar/agra-
rian regime depends on biomass almost
exclusively as a source of matter and
energy (e.g. food, fuel, fibre and hides
for clothing, building materials, mecha-
nical energy via animals). Biomass also
plays an essential role in maintaining
soil fertility. Solar radiation is the main
source of primary energy.

8 https://www.collectiftricolor.org/
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Definitions of the social metabolism of societies and socio-metabolic

regime

Social or socio-economic metabolism of societies

Research on the social or socio-economic metabolism of societies has increased, with the aim of placing the
economy more firmly within its biophysical substratum and planetary boundaries (Georgescu-Roegen, 1971).

This research has different conceptual and disciplinary origins, but all agree on the importance of considering
the material and energy bases of societal functioning (Haberl et al, 2019). Social metabolism of societies
encompasses the biophysical flows exchanged between societies and their natural environment, as well as
flows within and between social systems (Haberl et al, 2019). Importance is attached not only to the flows
of matter and energy that pass through societies, but also to their origins and destinations (Fischer-Kowalski
and Haberl, 2015). Socio-metabolic approaches, which aim at analysing the social metabolism of societies,
seek to connect socio-economic and biophysical processes.

Socio-metabolic regime

Socio-metabolic regimes are specific fundamental models of interactions between human society and nature.
Aregime is defined by the socio-metabolic profile of the society concerned, in particular its use of materials

and energy (Fischer-Kowalski and Haberl, 2007).

A society with a mining/industrial
regime derives most of its resources
from exploiting the subsoil. Coal, fol-
lowed by oil, natural gas, and uranium,
are nearly the only sources of mecha-
nical and thermal energy. Biomass
is replaced by synthetic substitutes
or ore derivatives, which abundant
energy allows to be extracted and
processed. The use of biomass is thus
virtually reduced to food. This system
also produces large quantities of waste
and emissions, especially greenhouse
gases (Daviron, 2019). Biomass that was
once used is no longer part of the eco-
nomy, either because it was replaced by
fossil resources and synthetic products
or because it became unused waste.
Lacombe (2018) uses the example of
wool, horns, and whey to illustrate how
these animal products became “waste”
that had to be disposed of in the spe-
cialisation strategy of the mining/
industrial regime.

Until 1860, the French economy ope-
rated under a solar/agrarian regime,
with more than 88% of the materials
consumed originating from biomass,
whereas from 1980 onwards, biomass
represented only 30% of total material
consumption (Magalhdes et al., 2019).
The discovery of the Haber-Bosch pro-
cess at the beginning of the 20™ cen-
tury accelerated the change in regime,
allowing any country with fossil fuels to
synthesise nitrogen (N) fertilisers and

INRAE Productions Animales, 2023, numéro 1

fertilise the soil without limits, and thus
without depending on a local transfer
of biomass or a limited and distant
physical stock (Daviron, 2019). While
the solar/agrarian regime is similar to
the bioeconomy, with significant use of
biomass as the basis of the economy,
the mining/industrial regime has lar-
gely moved away from this, with less
use of biomass as a source of matter
and energy.

H 2.2. Metabolic
breakthroughs:

from a circular to a linear
economy

Daviron (2019) describes major
changes in the relationship with bio-
mass due to the transition from a solar/
agrarian to a mining/industrial regime.
In addition to the huge increase in agri-
cultural yields, he highlights changes
in the metabolic interactions between
human activities and the biophysi-
cal substrate, which some describe as
metabolic “ruptures” or “rifts” (Saito,
2021). These ruptures concern mainly
local transfers of biomass and nutrients
(e.g. crop-livestock, town-countryside,
forest-crop) and are related to i) spe-
cialisation of production systems and
value chains; ii) increasing urbanisation
and the loss of connections between
towns and the nearby countryside (e.g.
supplying towns with food, agricultu-
ral recycling of urban waste) (Dufour

and Barles, 2021); and iii) development
of long-distance trade (Le Noé et al.,
2018). For example, Daviron (2019)
noted that an international soya bean
market existed as early as by 1910. Saito
(2021) describes three major problems
caused by the metabolic ruptures asso-
ciated with the transition from a circular
to a linear economy: depletion of natu-
ral resources, transfer of problems from
the Global North to the Global South,
and delayed climate and environmental
impacts.

B 2.3 Desirable but complex
re-uses and recoupling

The bioeconomy requires that non-
food uses of biomass regain the impor-
tance that they once had in the solar/
agrarian regime, and the CE requires
recoupling, especially between towns
and the countryside, and crops and
livestock. The bioeconomy and CE are
ultimately about recoupling activities,
but doing so is rendered more complex
by the loss of processing tools (e.g. the
current efforts of the Tricolor Collective
to revive the wool sector in France),
the high concentration of operators
who own processing tools (e.g. to add
value to beef, sheep and pork offal in
France; FranceAgriMer, 2013), and the
disconnection of activities that requires
socio-technical unlocking (e.g. the work
of the scientific-technical network
SPYCE/SPICEE' or the research group
Avenir Elevages'’ on recoupling crop
and livestock farming).

9 https://idele.fr/spicee/https://www.gis-
avenir-elevages.org/actions-thematiques/
reconnexion-vegetal-elevage-reve

10 In Japan, the law on food recycling came into
force in 2007. It requires food-waste producers
to recycle their food waste into compost, animal
feed, or biogas, or to efficiently use the heat from
incinerating it. It also requires the food sector to
purchase agricultural products that used products
derived from food waste, such as compost and
animal feed. On the producer side, a specific
"Ecofeed” label is being developed with special
prices to encourage pig farmers to use feed with
recycled ingredients.

11 Increased efficiency in the use of coal was
due to technical improvements in steam engines,
which rather than reducing coal consumption,
increased it and thus increased environmental
impacts.
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This history of biomass use and meta-
bolic changes (i.e. specialisation, urba-
nisation, and globalisation of trade)
seems invisible to those who promote
the bioeconomy/CE, as do the risks of
displacing problems and the difficul-
ties of implementation. The dominant
“win-win” discourse, which focuses
more on growth and competitiveness
(i.e. innovation, employment, and
new sectors) than on socio-ecological
challenges and glosses over the poten-
tial conflicts between economic deve-
lopment and environmental protection
(Corvellecetal., 2021), has received
strong criticisms from scientists.

The many criticisms has been
reviewed, for example by Allain et al.
(2022) for the bioeconomy and
Corvellecetal. (2021) for the CE. Here,
we review the main criticisms and illus-
trate how they are expressed in lives-
tock sectors, as well as the potential for
the livestock sector if these criticisms
are addressed.

3. Main criticisms
and illustrations
for livestock sectors

N 3.1. Biomass:

an inexhaustible

and underused resource
for the bioeconomy?

Institutions view the bioeconomy as
inexhaustible because it is based on
biomass, which is renewable by defi-
nition, but renewable does not mean
sustainable or unlimited.

Institutional descriptions of the
potential of the bioeconomy avoid
the issue of sustainability (Vivien et al.,
2019), particularly for biomass produc-
tion. Pfau et al. (2014) highlight this
conflation of “renewable” and “sustai-
nable”. Because the bioeconomy uses
renewable resources, it is assumed to be
intrinsically sustainable. Sustainability is
equated with replacing fossil resources
with renewable resources and opti-
mising their use, but using renewable
resources does not mean that produ-
cing them is sustainable. Cidon et al.

(2021) show that little of the scientific
literature has focused on the relation
between organic farming and the
development of the bioeconomy. The
focus on biomass can mask the issues
of dependence on and use of other
resources, particularly natural resources
(e.g. water, soil; Staffasetal, 2013),
the sustainability of biomass use (e.g.
deforestation, soil erosion), and interac-
tions between sectors and diversions of
flows (Marty et al., 2021), which is why
it is worth taking specific interest in this
area (Allain et al., 2022).

Another criticism is the lack of
considering social dimensions, which
is another component of sustainabi-
lity. Corvellec et al. (2021) explain the
controversies surrounding these poli-
cies and strategies, which are presented
as"win-win’, but ignore implementation
problems, constraints, socio-technical
obstacles, losers/winners, and conflicts
arising from reorganisation and reorien-
tation of flows and destructurings/
restructurings.

Bioeconomic strategies also do not
specify the scales at which they will
be implemented. They highlight the
territorial scale (CGAAER, 2019) wit-
hout raising questions about the place
of territories in industrial rationales.
Bahers et al. (2017) discuss the risk that
resource-use efficiency will override
the territorial dimension. Investment in
infrastructure and the need to make it
profitable can lead to intensification of
production, resulting in the agronomic
dead-end of monocultures, an increase
in the use of inputs or natural resources
(water), diversions of flows that under-
mine the existing system, or an increase
in the disconnect between crops and
livestock, as illustrated next.

lllustrations of tensions among
territorial, environmental,
and industrial considerations

Marty et al. (2021) describe how the
use of anaerobic digestion in the north
of the Aube department changes crop
rotations, irrigation, the return of inter-
mediate crops to the soil, and existing
infrastructure and sectors. Beet pulp is
increasingly fed into digesters, diver-
ting it from dehydrators, which could
cause the latter to close. This would

impact the livestock sector, as 350,000-
400,000 t of beet pulp and 100,000 t
of lucerne are dehydrated in northern
Aube and exported as animal feed.
The few remaining livestock farms
in the region could also disappear.
Competition for beet pulp is developing
along with anaerobic digestion, which
is particularly attractive economically
for beet growers. There is also a risk
that lucerne will disappear from crop
rotations in this crop-oriented depart-
ment, which would negatively impact
the renewal of soil fertility.

At the same time, intermediate
crops, including catch crops (not only
those used for energy), are increa-
singly harvested to supply digesters,
and less is returned directly to the soil.
As intermediate crops become more
profitable than main crops, the time
spent growing cereals (main crops) has
decreased in favour of maize, which
requires more irrigation, is now consi-
dered an intermediate crop, and is fed
whole into digesters. The development
of anaerobic digestion has raised seve-
ral concerns, including the effects on
water resources and soil biodiversity of
spreading digestate (Madelrieux et al,,
2020) and the social acceptability of
anaerobic digestion itself (Bourdin and
Nadou, 2020).

However, collective-management
approaches are developing in response
to environmental problems, using an
industrial approach that is more firmly
rooted in the local area. The Ferti'Eveil
composting platforms in the Vendée
department are one example. Faced
with more stringent environmen-
tal regulations (e.g., the EU Nitrates
Directive), 15 poultry farmers joined
forces in 2006 to pool the management
of their poultry manure, in particular by
exporting surplus fertilising nutrients
outside their production area via com-
posting (Le Houerou and Blazy, 2021).
The approach was extended to other
types of livestock (i.e. cattle, sheep,
goats, and pigs) and in 2021 included
140 farms within 50 km of the two
composting platforms. The compost is
sold within a 150 km radius to crop far-
mers, wine growers, market gardeners,
and arboriculturists. In return, livestock
farmers are supplied with bedding via

INRAE Productions Animales, 2023, numéro 1
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the cooperative. One key to the success
of this long-term approach was the
construction of a multi-stakeholder,
multi-sector, and multi-scale project.
Impacts of the increase in road trans-
port and the energy dimension of the
system remain to be determined.

The assumption that renewable
resources can replace fossil fuels
is misleading (Allain etal.,, 2022)
because it does not consider that the
current energy transition involves
adding renewable resources to fossil
fuels (rather than replacing them) and
that not all materials have the same
properties. For example, biomass has
a much lower energy density than fos-
sil fuels (Harchaoui and Chatzimpiros,
2018).

Pahun et al. (2018) showed how ins-
titutions have moved from a vision of
overexploited resources (through the
mining/industrial regime) to underex-
ploited resources (i.e. new uses made
possible by technology, agricultural
abandonment/fallow land, waste),
without changing the regime. There is
even a high risk of following a mining
approach to the use of biomass, which
exacerbates environmental problems
and social inequalities. Daviron (2019)
considers that biomass is limited,
and that the institutional view that
it is abundant and underused is due
simply to the massive use of fossil
fuels in all sectors of human activity.
Net primary agricultural production
is the product of agricultural yields
and available agricultural land, each
of which is limited (the former by the
conversion efficiency of photosynthe-
sis and the potential yield as a func-
tion of farming practices (Mueller et al.,
2012), the latter by global boundaries
(Steffen et al., 2015)). At the scale of
France, the degree to which crop
yields and nutrient-use efficiency can
be increased is small (Harchaoui and
Chatzimpiros, 2019).

At the European scale, Renner et al.
(2020) show imbalances between
internalisation and externalisation of
pressures on agricultural resources
and emissions, Europe’s dependence

INRAE Productions Animales, 2023, numéro 1

on “virtual” flows of land and water,
and the impossibility of extending
this model to other parts of the world.
With the deployment of the bioeco-
nomy and the increase in demand for
biomass, Bruckner et al. (2019) show
that an increasing proportion of the
world’s agricultural land is used to
produce biomass for non-food pur-
poses. However, they also show that
two-thirds of the agricultural land
needed to meet non-food biomass
consumption in Europe is located
in other countries (i.e. China, United
States, and Indonesia), which impacts
their ecosystems. This consumption
includes oilseeds to produce bio-
fuels, detergents, and polymers, but
also more traditional products, such
as fibre for textiles and animal hides.
In addition, fluctuations in the spatial
footprint of consumption highlight the
connection to fluctuations in agricul-
tural yields due to drought, which will
likely intensify in response to climate
change (Harchaoui, 2019).

Competing uses will require more
land or more intensive biomass produc-
tion, whose environmental impacts will
depend on the location (Lewandowski,
2015). This competition among uses is
rarely studied in a systemic way by the
bioeconomy, even though the issue of
prioritising biomass uses is unavoidable
(Muscatetal, 2021).

lllustrations of tensions among
food, feed, and energy

The challenge for agriculture is to
produce enough to meet the needs
of human and animal consumption,
as well as society’s bioenergy, wit-
hout increasing the agricultural area
(Harchaoui and Chatzimpiros, 2018).
Increasing the area could impact other
ecosystems and lead to a loss of bio-
diversity, another planetary boundary
(i.e. “biosphere integrity”; Steffen et al,
2015). Many studies ignore that agricul-
ture depends on fossil fuels to produce
biomass.

Harchaoui and Chatzimpiros (2018)
applied the concept of energy neu-
trality to describe agriculture’s capa-
city to be a source of energy for itself
and society that could replace fossil
fuels. Agriculture is energy neutral if

the energy potential of its resources
(i.e. essentially crop residues and
livestock waste) exceeds the biomass
equivalent of the fossil fuels invested
in it. The study considered several
scenarios for mainland France that
combined reducing the proportion
of cereals and annual fodder in ani-
mal feed with different rates of energy
recovery from agricultural residues.
It found that energy neutrality is
difficult to achieve, being possible
only if cereals and annual fodder are
excluded from animal feed and all
agricultural residues have an energy
recovery rate of 30-70%. This scena-
rio would decrease the proportion of
monogastric animal products in the
human diet and run counter to mini-
mum rates of returning crop residues
to the soil to meet soil-conservation
and carbon-enrichment objectives,
leading to dilemmas and compromises
between energy and climate objec-
tives (Harchaoui and Chatzimpiros,
2018). This study considered boun-
dary conditions of impacts of compe-
tition among food, feed, and energy
on agriculture’s energy balance, but it
did not consider the important prac-
tice of reducing food loss and waste
to improve the energy balance.

Research is beginning to highlight
the role of livestock farming in the
recovery of agricultural and agro-in-
dustrial co-products (Chapoutot et al.,
2018; Van Selm etal. 2022), and
more generally of plant biomass that
humans cannot consume (Laisse et al.,
2018; Van Zanten et al., 2019), in redu-
cing competition between animal
feed and human food. Estimates of
the co-products available still need
to be improved by considering i)
their potential use in other sectors
(Laisse et al., 2018), such as beet pulp
for anaerobic digestion; ii) the energy
cost of using them, in particular for
dehydration (Lindberg et al., 2021);
and iii) the resources needed to change
the current economic rationale, deve-
lop knowledge and health regulations,
and build new value chains and far-
ming practices to create animal feed
that contains large proportions of
co-products (Laisse et al., 2018), while
decreasing health risks for animals
(Chapoutot et al., 2018).
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W 3.2. A 100% circular
economy?

One criticism of CE concerns its
“relative” rather than “absolute” vision,
because if the economy continues to
increase in size, the environmental foot-
prints of the flows into and out of it will
exceed any gains made by a greater
degree of circularity (Haas et al., 2020).
Some studies refer to this as “circular
washing” (Marrucci et al., 2022), a new
way to justify the neoliberal economy.
In addition, increasing circularity at one
point can increase linearity in the rest of
the system and the associated energy
and environmental footprints. Indeed,
CE is often implemented only in part of
a system (Corvellec et al,, 2021), as illus-
trated next.

Potential alliances for monogastric
livestock farming in the circular
economy

In the Dréme valley of France, a
cooperative established a CE model
between the crop and poultry sectors
to use local cereals better and diversify
the income of cereal farmers by deve-
loping poultry production, for which
there is strong demand and markets
for eggs and meat (Madelrieux et al.,
2020). The sectors are connected mainly
via the feed factory, which receives one-
third of the cooperative’s cereals, and
the poultry manure is used to fertilise
the crops. This “integrated” poultry
sector generates much of the employ-
ment in the area. However, according
to a life cycle assessment, the crop
and poultry production also have the
largest impacts on the environment
in the territory (e.g. water and energy
consumption, potential soil acidifi-
cation). The poultry sector depends
greatly on imports of soya bean and
chicks and exports of offal. Poultry
slaughterhouses and meat processors
export 1,250 t/year of it to the pet-food
sector, while the supply cooperative
struggles to collect feathers, which are a
primary ingredient in N fertilisers manu-
facturing. Farms' consumption of their
own cereals keeps cereal prices higher
and absorbs the price fluctuations in

poultry production. This local CE model
is a way to export poultry and eggs,
which are sold through traditional dis-
tribution channels, and 50% and 60%
of the farms’ wheat and maize, respec-
tively, mainly to Italy and North Africa
(Madelrieux et al., 2020). This local CE
for part of the system, which is strongly
promoted by the cooperative, cannot
however be isolated from the rest of
the system to assess the sustainability
of the entire system.

Monogastric animals can serve other
functions in a CE by adding value to
food waste of the people they help to
feed. Uwizeye et al. (2019) investigates
replacing cereals and soya bean with
lost and wasted food in several pig
sectors in Japan. A national incentive
policy’?, accompanied by a system
of health and economic regulation,
enabled the industrial pig sector to
establish a value chain for lost and
wasted food, whereas many countries
restrict such value chains due to the
risk of infectious diseases and concerns
about public health. In all cases, pre-
venting and reducing loss and waste
should always remain the priority
(Papargyropoulou et al., 2014).

Institutions promote ultimately
obtaining a 100% CE.Corvellec et al.
(2021) highlighted the recurring cri-
ticism that promoters of CE ignore
established knowledge, in particular
that of thermodynamics. The laws of
thermodynamics indicate that matter
cannot be created or destroyed; it can
only change form. Because even cyclic
systems consume resources and create
waste and emissions (Korhonen et al.,
2018), recovery can never be 100%.
Thus, a CE future in which waste no

12 In Japan, the law on food recycling came into
force in 2007. It requires food-waste producers
to recycle their food waste into compost, animal
feed, or biogas, or to efficiently use the heat from
incinerating it. It also requires the food sector to
purchase agricultural products that used products
derived from food waste, such as compost and
animal feed. On the producer side, a specific
‘Ecofeed’ label is being developed with special
prices to encourage pig farmers to use feed with
recycled ingredients.

longer exists, material cycles are
closed, and products are recycled inde-
finitely is impossible.

Recycling also has time, material, and
financial costs, as it involves internali-
sing costs that previously fell on the
environment through the accumulation
of waste (Giampietro, 2019). The addi-
tional energy required to operate a CE
thus requires switching to renewable
energy (Haas et al,, 2020), with the diffi-
culties associated with replacing energy
sources mentioned previously.

Another issue is which flows should
be circularised (Giampietro, 2019).
Dourmad et al. (2019) mention flows
to and from livestock farming (e.g. ani-
mal feed, human food, livestock waste).
Flows and transfers can compete (i.e.
increasing the circularity of one flow
can decrease the efficiency with which
another flow is used) (Van der Wiel et al.,
2020), which highlights the issue of the
scale at which one should aim for 100%
circularity, as illustrated next for areas
with high livestock density.

Flows that can be circularised
in areas with high-density
livestock farming

Rothwell et al. (2020) raise questions
about the merits of a CE in areas with
high livestock density. They investigate
vulnerabilities of the agri-food system
in Northern Ireland due to the supply
of phosphorus (P) (i.e. risk of disrupted
supplies and inflation of input prices)
and its inefficient use (i.e. water pollu-
tion and impacts on biodiversity and
human health). They show that the spa-
tial and temporal distribution of P from
manure is critical for the sustainability
of agriculture in Northern Ireland. Its
combination of locally intensive lives-
tock production, limited availability of
arable land, high cost of transporting
manure, limited infrastructure for trea-
ting manure, and 57% of land classified
as high risk for run-off poses significant
challenges to farmers for balancing
agronomic and environmental objec-
tives. Increasing the circularity of P
can improve the sustainability of P
management and reduce losses, with
the aim of a zero P balance. However,
for regions with high livestock den-
sity, there is a trade-off between P
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circularity and surplus; in Northern
Ireland, the P load of manure on the
soil exceeds the P demand of crops by
20% (Rothwell et al., 2020). Recovering
P from the waste-management sector
toincrease P circularity would only add
to the P load already circulating in the
system, thereby increasing the risk of
surpluses and losses due to run-off.

Scenarios have been discussed to
address this paradox, in which livestock
farming can help reduce the vulnerabi-
lity of crops to disruptions in the sup-
ply of synthetic fertilisers, but also has
high environmental impacts (Martin-
Ortegaetal., 2022). They involve a
variety of mechanisms and stakehol-
ders: using economically viable tech-
nologies to treat livestock waste for
easier export to areas with a deficit;
relying more on the soil’s past P heri-
tage and existing reserves and meeting
only the minimum crop requirements;
aiming for an environmental target
(1.5 kg/ha) and modifying P flows from
fertilisers, animal feed, manure, and
the waste-management sector accor-
dingly; and reducing livestock popu-
lations, along with decreasing human
consumption of animal products.
Discussions with stakeholders will help
identify socio-economic, logistical, and
technological obstacles and needs.

B 3.3. Circular bioeconomy:
can resource use

and economic growth

be decoupled?

Institutional visions of the bioeco-
nomy/CE are based on the idea that
resource use can be decoupled from
economic growth, which is criticised
as another misleading assumption
(Allain etal., 2022). One argument
against this idea is the rebound effect,
or Jevons’ paradox, which states that
optimising the use of resources coun-
ter-intuitively leads to over-exploiting
them (Alcott, 2005), as Jevons originally
observed for coal .

13 Increased efficiency in the use of coal was
due to technical improvements in steam engines,
which rather than reducing coal consumption,
increased it and thus increased environmental
impacts.
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Sorrell (2009) identifies different
dimensions of the rebound effect: the
interplay of supply and demand (i.e.
technological innovation, improvement
in the efficiency of a process, lower pro-
duction cost, increased demand for the
product, incentive to produce more,
greater use of the initial resource) and
the intention behind the increase in
efficiency (e.g. decrease environmen-
tal impacts, lower costs). The rebound
effectis often related to economic moti-
vations (e.g. depletion of fossil fuels,
price increases) rather than socio-eco-
logical motivations, as we illustrate next
for crop-livestock recoupling.

Rebound effect in crop-livestock
recoupling

Recoupling crop and livestock pro-
duction by exchanging materials within
mixed farming systems is an effective
way to close nutrient cycles. However,
as farms are becoming increasingly
specialised, one option is to recouple
specialised farms at the territorial
scale (Reganetal, 2017). In theory,
this recoupling should result in using
fewer synthetic fertilisers on crop farms
and having less surplus N on livestock
farms. However, this assumption is not
always valid due to the rebound effect,
as highlighted by Regan et al. (2017)
for recoupling of crop and dairy pro-
duction via cooperation between farms.

Based on four case studies of crop-li-
vestock-recoupling strategies in
Europe, Regan et al. (2017) found that
the newly available resources in three
of them facilitated adoption of more
intensive farming practices on coope-
rating specialised dairy farms than on
non-cooperating ones. In Spain, for exa-
mple, material exchanges between crop
and dairy farms and access to more land
on which to spread surplus manure
allowed the dairy farms to increase herd
size and double the stocking rate, which
decreased the benefits of cooperation
(e.g. having less surplus N/ha). As the
increase in the stocking rate was related
to the ability to manage manure and not
the ability to produce cattle feed, larger
volumes of concentrated feed and fod-
der were imported to support the dairy
farms. However, Regan et al. (2017) were
unable to determine whether coopera-
tion helped farmers to intensify their

systems or was necessary to maintain
systems that were already intensive.

In contrast, other studies of conven-
tional and organic livestock farms
(Martel et al, 2017) show that i) farms
with a high degree of coupling have
better environmental performance
and economic efficiency, ii) organic
farms have an above-average degree of
coupling (to compensate for the lack of
synthetic chemicals), and iii) effects of
coupling and converting to organic far-
ming are cumulative. Thus, the rebound
effect does not always occur.

These results indicate the need to
consider crop-livestock-recoupling
strategies that replace purchased
inputs, which impact the environment,
with local resources (e.g. manure, feed)
and to consider potential rebound
effects. These effects will be even larger
if crop-livestock recoupling is used to
increase stocking rates and total lives-
tock production rather than to reduce
inputs to the entire system.

4. Discussion: priorities
for a sustainable circular
bioeconomy and the role
of livestock farming

H 4.1. Rematerialising
thought: socio-metabolic
approaches

Based on this historical perspective,
metabolic ruptures lie at the heart of
the current energy and environmental
crises, which raises questions about
the linearisation/circularisation of mat-
ter and energy flows. These flows and
their circulation are largely hidden by
the globalisation of trade (Nesme et al.,
2018), environmental footprints or cli-
mate effects that are sometimes dis-
tant in space or time, and flows that
humans try to hide, such as waste
(Monsaingeon, 2017).

There is thus a strong need to reinte-
grate the economy, and social systems
more broadly, into their biophysical
substratum and planetary bounda-
ries (Georgescu-Roegen, 1971). Doing
so requires highlighting how socio-
metabolic relationships, technological
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solutions, production systems, econo-
mic models, and environmental/energy
footprints co-evolve (Akerman et al.,
2020). For livestock farming, which
consumes, processes, and supplies large
quantities of bioresources (i.e. all assets
for the bioeconomy), Dourmad et al.
(2019) emphasise the need for more
information about existing flows and
the factors that influence them in order
to be able to manage them, especially
due to the high spatial variability in
the related flows (e.g. diversity of lives-
tock species and production systems,
geographic distribution, location of
upstream and downstream agri-food
sectors), which results in exchanges
between regions. Based on this
socio-metabolic perspective, Haas et al.
(2020) suggested priorities for the bioe-
conomy/CE/CB to effectively transform
systems to return them to planetary
boundaries ( ).

m 4.2. Priorities

for integrating livestock
farming into the social
metabolism of agri-food
systems

As mentioned, although renewable,
biomass is far from unlimited. Biomass
use and access to land already expe-
rience high competition. The bioeco-
nomy, CE, and CB should be seen not as
ends, but as means to an end: an abso-
lute reduction in the social metabolism
in order to return the economy to pla-
netary boundaries (Haas et al., 2020).
Institutions view the bioeconomy and
CE as ends in themselves and do not
consider the variety of mechanisms that
could promote development of strong
sustainability (Allwood, 2014).

The first challenge is to prioritise
the absolute reduction of flows (i.e.
resource-extraction inputs and emis-
sion outputs) before increasing circularity
rates, which must be supported by clear
targets to limit and monitor all non-circu-
lar extraction, emission, and waste flows
(Haas etal, 2020). Absolute indicators

The bioeconomy, circular economy, and circular bioeconomy as means,

not ends

END

Return to planetary boundaries

* Reduce absolute flows (before increasing the degree of circularity)
+ Prioritise biomass uses

* Produce biomass sustainably and close
biogeochemical cycles

« Minimise energy loss
+ Adopt a systemic and multi-scale perspective

MEANS
Bioeconomy Circular Circular
bioeconomy economy
not necessarily not necessarily  not limited to renewable
circular sustainable resources

(including biomass)

that enable comparing the social meta-
bolism to planetary boundaries should
be the reference point for assessing tran-
sition options (Allain et al,, 2022).

The second challenge is to priori-
tise biomass uses to limit competi-
tion for it. As mentioned, competition
between animal feed and human food
(Schader et al,, 2015) is especially impor-
tant. One major challenge for livestock
farming is thus to reduce the inputs
required for production (Dumontet al.,
2013). Karlsson et al. (2021) show that
23% of the land used to grow feed for
livestock in Europe is located outside
Europe, and 90% of this land is used to
produce soya beans. Reducing the flows
associated with animal feed means pri-
marily reducing livestock density, parti-
cularly where they are highest.

For prioritising biomass uses and
limiting competition with human food,
one benefit of livestock farming is its
ability to use biomass that humans can-
not consume (Laisse et al,, 2018), such
as grass for ruminants, food waste for
monogastric animals, and co-products
of agro-industries. Some studies ques-
tion the place of livestock farming in
sustainable food systems (R66s et al.,
2017) that can meet dietary recom-
mendations while considering plane-
tary boundaries (Van Selm et al., 2022).

Nutrient loss to the environment is
another flow that must be reduced. In
a recent analysis, more than one-third

of global anthropogenic N pollution is
attributed to livestock farming, a quan-
tity that exceeds planetary boundaries
for N emissions (Uwizeye et al., 2020).
However, livestock farming helps main-
tain soil fertility, which limits the need
for synthetic fertilisers (Van Hal etal.,
2019). Ruminants, in particular, play a
key role in circulating N by converting
the N fixed in grassland to crops. In
France, the N fixed by forage legumes
in grassland represents more than 80%
of total biological N fixation (Einarsson
etal, 2021), but only ruminants can use
this N for agricultural production.

An absolute reduction in animal den-
sity and stocking rates seems neces-
sary (Billen et al, 2021), but it must be
accompanied by more even spatial dis-
tribution of livestock and a recoupling
of crops and livestock. This reduction/
redistribution can be based on the
local animal-feed resources available
(Dourmad et al.,, 2019), the land avai-
lable for spreading livestock manure,
or the potential to export it to nearby
areas that have a deficit and depend on
synthetic fertilisers (Nesme et al,, 2015).

Most institutions view agriculture as
a supplier of inputs and biomass, and
rarely refer to the conditions under
which biomass is produced and the
natural resources required to produce it
(i.e. a“factory gate”view; Wohlfahrt et al,,
2019). To avoid continuing the mining/
industrial regime, which risks further
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disruption of biogeochemical cycles and
loss of biodiversity, sustainable produc-
tion of biomass must become a prerequi-
site in CB strategies (Haas et al,, 2020), in
particular by moving towards agricul-
ture based as much as possible on solar
energy, without synthetic inputs and
little mechanisation, as well as respecting
natural cycles (Georgescu-Roegen, 1971).

The issue is whether organic farming
can develop at a large scale without
abandoning its ecological principles
(Nesmeetal, 2016) and replace conven-
tional farming while still being able to
feed the humanity. A large N deficit at
the global scale could limit its expan-
sion, and it implies making structural
changes to feed the world in a more
sustainable and equitable way (Barbieri
etal, 2021). According to Barbieri et al.
(2021), livestock farming is the key to
maintaining food production, but it
must be redesigned to maintain crop
yields and thus food production. Their
model for optimising global N flows
predicts that the global livestock popu-
lation would decrease by 20% in a 100%
organic scenario. These results differ
greatly from those of studies that focus
on expanding organic farming by drasti-
cally decreasing the number of livestock
in order to maintain food availability but
thatignore livestock’simportantroleasa
source of nutrients. In contrast, Barbieri
etal.(2021) show that global food availa-
bility would decrease in a 100% organic
world without livestock, emphasising
that livestock in organic farming have a
much more important and complex role
than previously estimated. The scenario
also implies a strong shift in livestock
production towards ruminants (confir-
ming their role in circulating N, as men-
tioned) and changes to the cropping
systems and spatial distribution of lives-
tock production found in the current
conventional baseline scenario. On the
demand side, this scenario also requires
changing diets, reducing food waste,
and recycling urban waste in agriculture.

The bioeconomy and CE are intended
to reduce dependence on fossil fuels,
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but they can involve energy-intensive
processes and recycle much less than a
100%. Furthermore, if the bioeconomy
and CE are to contribute to absolute
reductions in emissions to limit climate
change, a systematic energy perspec-
tive seems necessary to avoid coun-
ter-productive effects of both strategies
(Haas et al., 2020).

Trade-offs among the multiple uses
of biomass must be analysed from a
systemic viewpoint by considering the
closing of biogeochemical cycles and
the energy functioning of agriculture,
both of which are strongly influenced
by livestock sectors. As livestock have
an energy conversion efficiency of less
than 1 (Harchaoui and Chatzimpiros,
2017), they influence agriculture’s
energy balance, but livestock manure
can be used to fertilise crops and gene-
rate energy if it is highly integrated
into cropping systems. Further studies
are needed to assess the role of lives-
tock farming, differentiating between
ruminants and monogastric animals
depending on the region, in the circu-
larity of nutrient flows and the energy
neutrality of agriculture (Harchaouiand
Chatzimpiros, 2018), and especially on
the trade-offs between biogeoche-
mistry and energy (Harchaoui, 2019).
Studies could also analyse the spatial
organisation of animal and material
flows between territories (Le Noé et al.,
2016) and focus on decreasing the
consumption of non-renewable energy
for transport to help build sustainable
agri-food systems.

Dumont et al. (2013) emphasise that
reducing the environmental footprint of
livestock farming systems requires coor-
dinating complementarities between
agroecology (i.e. production based
more on natural resources and biolo-
gical diversity) and industrial ecology/
CE (i.e. to close cycles, reduce demand
for raw materials, reduce pollution,
and treat waste). Scenarios of the com-
patibility of the social metabolism of
agri-food systems with planetary boun-
daries or energy neutrality (Billen et al,
2021; Duru etal, 2021) have identified
key variables for production as well as
for demand and waste treatment. These

variables include production methods
(especially organic); crop rotations and
their proportions of legumes (which fix
N in the soil and are a protein source
for humans) and grasslands (carbon
sequestration); recoupling crops and
livestock; human diets (proportion of
animal products); animal diets (pro-
portion of grass and other non-hu-
man-edible ingredients); recycling of
livestock and human waste; reconnec-
tion of production and consumption
and the role of international trade; and
the use in agriculture and energy of
products and by-products from crop
farming, livestock farming, agro-indus-
tries, and food losses and waste.

As seen in the illustrations described
previously, limiting flows, footprints,
and competing uses requires addres-
sing these variables at all scales, from
individual farms or companies to the
scales of regional, national, and global
trade (Haas et al., 2020). At the global
scale, Bruckneretal. (2019) suggest
monitoring land use and displace-
ment effects in detail to support the
sustainable development of global
bioeconomy strategies. Dourmad et al.
(2019) suggest considering efficiency
rates at different scales of organisa-
tion to support the development of a
CB based on the diversity of practices
and resources in territories, particularly
for livestock farming. Research has
revealed differences among regions in
animal feed and the ability to recouple
crops and livestock (Jouven et al., 2018),
the distribution of livestock waste and
its availability to crops (Nesme et al,
2015), the availability of co-products
(Chapoutot et al., 2018), and the use of
anaerobic digestion (FranceAgriMer,
2022). These differences require spa-
tially explicit approaches to consider
interactions between biophysical and
socio-economic processes and to bet-
ter identify the role of livestock sectors
(Spiegal et al,, 2022) to envision recon-
nections between geographically close
territories.

Besides the urgent and high-prio-
rity decisions explored in scenarios,
the remaining challenges include
the necessary reorganisations and
existing obstacles. For livestock far-
ming, Dourmad et al. (2019) show that
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cycle-closing strategies may be effec-
tive but have many socio-technical,
organisational, and economic obstacles.
Accurately predicting potential trans-
fers, rebound effects, and socio-tech-
nical obstacles requires considering
production practices and consumption
patterns as well as all stakeholders in
the sectors, interactions among sectors,
and the resulting extensive socio-meta-
bolic networks (Allain et al., 2022).

Conclusion

Since the 2000s, the bioeconomy
and CE have emerged on political and
research agendas in Europe. Institutions
promote them based on misleading
shortcuts that have received strong criti-
cism from scientists, particularly related to
the lack of questions about or evidence of
a connection between the bioeconomy/
CE and sustainability. Nevertheless,
these shortcuts suggest the opposite:
renewable, sustainable, and unlimited
for the bioeconomy, and circular, closed,
and waste-free for the CE.

Livestock farming is an asset for the
CB due to its consumption, proces-
sing, and supply of large quantities
of biomass, as well as its diversity. It
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Bioeconomy and circular economy have become key strategies in Europe since the 2000s, in order to shift away from fossil energy. Agriculture
is at the heart of multiple issues: food, health, energy, biomaterials, etc. While some agree that bioeconomy and circular economy have a
significant potential to contribute to the sustainable development goals and the Paris climate Agreement, there are many critics, especially
because of the lack of questioning or evidence of the links between bioeconomy/circular economy and sustainability. Here, we start from
the institutional definitions of these two concepts to position the main criticisms that are made of them, but also the potentials. We will
consider examples from the livestock sectors. We use criticism as a tool to unpack hidden assumptions and unanticipated consequences,
and to re-evaluate what might otherwise be taken for granted, in order to discuss priorities so that bioeconomy and circular economy can
be real means of achieving a sustainable society, and the place that livestock sectors can hold in it.
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Résumé

Bioéconomie et économie circulaire : lecture critique et place de I'élevage

Bioéconomie et économie circulaire sont devenues des stratégies clés en Europe a partir des années 2000, visant a s‘affranchir des énergies fos-
siles. L'agriculture se retrouve ainsi au coeur d'enjeux multiples : alimentation, santé, énergie, biomatériaux. Si certains s‘accordent pour dire que
bioéconomie et économie circulaire ont un important potentiel pour contribuer aux objectifs de développement durable et a I’Accord de Paris sur
le climat, les critiques sont nombreuses, notamment du fait de I'absence de questionnements ou de preuves des liens entre bioéconomie/écono-
mie circulaire et soutenabilité. Dans cet article, nous prendrons comme point de départ les définitions institutionnelles de ces deux notions, pour
mieux situer les principales critiques qui en sont faites, mais aussi les potentiels. Nous donnerons des illustrations dans le secteur de I€levage. Ces
critiques servent d'outil pour décortiquer les hypothéses cachées, les conséquences non envisagées, et réévaluer ce qui, autrement, pourrait étre
considéré comme acquis, pour discuter des priorités afin que bioéconomie et économie circulaire puissent étre de réels moyens d‘atteindre une
société soutenable, et la place que peut y tenir Iélevage.
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