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The circular economy (CE) has emerged as a strategy able to fulfil the double purpose of improving the economic
performance of the agricultural activity while minimising the impact generated on the environment by reducing
the inflow of resources and waste generation. This has led to an increasingly greater adoption of circular models
in agricultural practices. The objective of this study is to analyse the state of research on the application of the cir-
cular economy in agriculture throughout each of the stages of its life cycle through a systematic literature review.
The results show that this line of research is very newbut has been attracting a growing amount of interest in recent
years. Themost resource-intensive phases arefield preparation, fertilizer application,mulching and irrigation,while
field preparation,mulching, pruning and training are themost intensive phases ofwaste generation. Themajority of
the contributions are made from an environmental perspective, so there is a major opportunity to develop the re-
search addressing the economic and social aspects. There is a need to gain further knowledge about the economic-
financial feasibility of the different circular practices considered and the perceptions of the stakeholders.
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1. Introduction

One of the principal challenges faced by humankind is feeding a
constantly growing population (Pandey and Dwivedi, 2020; Circle
Economy, 2021). Specifically, it is estimated that we will need to
increase food production by 5.1 billion tonnes before 2050 (FAO,
2017). This will generate huge pressure on the agricultural ecosystems,
given that they are the principal food providers. Furthermore, this could
cause negative impacts on the natural environment as agricultural
production consumes large amounts of water and energy (Aznar-
Sánchez et al., 2018). More than 90 % of environmental impacts due to
land use are related to agriculture (Kusumastuti et al., 2016; Aznar-
Sánchez et al., 2019). Moreover, in 2019, agriculture, together with
food processing, represented the second largest material footprint
with 21.3 billion tonnes and a carbon footprint of 10 billion tonnes of
carbon dioxide (CO2) equivalent, making it the third largest after
transport and housing (Circle Economy, 2021).

The circular economy (CE) has emerged as a strategy that can mini-
mise the influx of resources and waste generation, reduce the negative
impacts produced by the agricultural ecosystems and improve eco-
nomic performance (Velasco-Muñoz et al., 2021). The CE can be consid-
ered as an alternative to the linear economic system of “take-produce-
consume-discard” which currently prevails (Zabaniotou et al., 2015;
Suárez-Eiroa et al., 2019; Aznar-Sánchez et al., 2020; Stillitano et al.,
2021). The CE can help to guarantee the sustainability of agro-food sys-
tems, as it provides solutions that enable integrated and persistent
problems to be addressed, such as the transformation of waste into
bioproducts (Stillitano et al., 2021). The implementation of CE strategies
represents a step forward in the three dimensions of sustainable devel-
opment in the production and management of food resources (Barros
et al., 2020). With respect to the environment, implementing the CE
can contribute to combatting climate change, as it is estimated that it
is able to reduce emissions by 5.6 billion tonnes of CO2 equivalent by
2050 (EMF, 2019a). The application of CE strategies in food manage-
ment in the urban environment could prevent the degradation of 15
million ha of arable land per year and save 450 trillion litres of fresh
water (EMF, 2019b).

From an economic and social point of view, the European Union es-
timates that the implementation of the CE principles in the food chain
has the potential to increase the GDP of the Union by an additional 0.1
% by 2030, creating more than 100,000 jobs (European Commission,
2018). Moreover, it is estimated that designing food from circularity
would increase farmers' profitability by an average of USD 3100 per
hectare (EMF, 2021). There may also be a reduction in health costs
from pesticide use, estimated at USD 550 billion, as well as a reduction
in air and water pollution (EMF, 2019b). These data show that CE can
contribute to all three dimensions of sustainability. For example, a
study conducted for potato cultivation establishes that the application
of various regenerative farming practices under CE principles can lead
to a 55 % decrease in GHGemissions and a 15 % reduction in biodiversity
loss, as well as reducing agricultural costs by reducing the need for fer-
tilizers and pesticides and the use of machinery (EMF, 2021).

The CE seeks to carry out a more efficient use of resources by estab-
lishing new businessmodels that respect the environmentwhile gener-
ating new job opportunities and improving well-being and equity in
society (Ghisellini et al., 2016). In this respect, the transition of a linear
economic model to a CE model represents a challenge that requires the
development and application of new knowledge that will enable the
creation of innovative, technological and sustainable processes, prod-
ucts and services (Greco et al., 2019). However, in the case of food pro-
duction, the scientific progress related to circularity is still in the initial
phase. Following de Boer and van Ittersum (2018) “scientific advances
related to circularity in food production currently seem to be in their in-
fancy”. Measuring the circularity of the food production systems is the
first step in the process of moving towards a circular food production
system (Velasco-Muñoz et al., 2021). For this, it is necessary to know
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the level and the possibilities of circularity of each of the phases that
make up the complete food production cycle.

The agro-food chain ismade up of different phases ranging from input
suppliers and farming to the final consumer. This chain includes the
suppliers of a wide variety of goods and services that are necessary for
the agricultural processes on farms. This chain also includes the
companies engaged in processing and marketing foods and the other
products obtained (Cucagna and Goldsmith, 2018). The next phase is
the distribution to the final consumer. Of all these phases the crop
production phase generates the highest amount of pollution on a global
level is crop production (Stillitano et al., 2021). It is estimated that GHG
from cropland are in the range of 2294–3102 Tg CO2e yr−1 (Carlson
et al., 2016). In this stage of the agro-food chain, there is a very high con-
sumptionof resources such aswater and energy (Muscio and Sisto, 2020).
However, this stage of the agro-food chain has received the least attention
in the literature in terms of the adoption of circular models (Velasco-
Muñoz et al., 2021). Withdrawals for agricultural irrigation account for
about 70 % of total water use in agriculture (Velasco-Muñoz et al.,
2019), while cropping production consumes about 35 % of the total en-
ergy used in the food sector (FAO, 2011). Moreover, it is estimated that
60 % of residual agricultural biomass from agriculture comes from crop
production (Sommer et al., 2015). In view of all the above, this study fo-
cuses on the agricultural phase of crop production, including all the activ-
ities, procedures and nutrient reserves and flows linked to the production
of arable crops, including fodder, fruit and vegetables, horticulture and
pastures (Van der Wiel et al., 2019).

This study has a multiple objective: i) to identify the different stages
of the life cycle of the production of agricultural crops and carry out an
adaptation of them based on the CE characteristics; ii) to provide an
overview of knowledge dissemination in circular agriculture in terms
of number of documents, journals, authors and countries participating
in the studies; and iii) to analyse the development experienced in
adopting circularmodels in the different phases identified, the principal
contributions made in each of them and the limitations and opportuni-
ties existing to promote the adoption of circular models in the agricul-
tural context. To do this, a selection of studies on the CE in agriculture
has been made from the reference database. These studies were subse-
quently analysed in depth. Themain novelty of this review compared to
previous studies is that it is based on the life cycle stages of agriculture
to obtain information on the level of circularity, application opportuni-
ties and gaps and limitations of each of them. The results of this study
contribute to expanding the knowledge on the implementation of
circular models as strategies to guarantee the sustainability of the
agricultural activity in the different stages of its life cycle.

2. Materials and methods

In this study, a quantitative and systematic review of the selected sam-
ple of articles was carried out. Firstly, the quantitative analysis was per-
formed using the bibliometric method, which allows us to identify,
classify and analyse the main components of a specific research area. The
search for papers for the selection of the sample was carried out in the
two major databases, Scopus and Web of Sciences (WoS). The search
was conducted in April 2021 based on the following parameters: TITLE-
ABS-KEY (“*circular* *econom*”) AND TITLE-ABS-KEY (agricultur* OR
farm* OR crop* OR agroecosystem* OR agrosystem* OR cultivation OR
“food system”). In order to determine the keywords used as searchparam-
eters, previous review works related to the topic of study were analysed,
and a selection was made of all the keywords used in the selection of the
samples analysed in these studies (e.g. Kristensen and Mosgaard, 2020;
Velasco-Muñoz et al., 2021). The initial sample of documents was 10 %
higher in WoS, while the match rate exceeded 78 %. A number of restric-
tions were applied to the initial sample to ensure quality and representa-
tiveness. Papers only up to 2020 have been included in order to be able to
compare full year periods. The searchwas limited to documents in English.
To avoid duplicates, only original articles and reviews were considered.
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Finally, a review of each document was carried out to verify its suitability
for the case study. All documents that (i) did not have an EC-based ap-
proach, (ii) were not focused on agriculture, and (iii) that could not iden-
tify any of the defined stages within the life cycle of crop production were
excluded. The final sample consisted of 499 documents, covering a time
period from2007 (the year inwhich the oldest document in thefinal sam-
ple is published) to 2020. These documents were found in both databases
used, so, for operational reasons, only Scopus was used for downloading
information. The information was then downloaded and the data were
scanned to remove duplicates, detect omissions and errors, and search
for incomplete information. The variables analysedwere thenumber of ar-
ticles per year, subject area, journals, countries and institutions. Secondly, a
systematic review was carried out to qualitatively analyse the sample of
selected articles. Based on this, the documents were classified according
to the stages of the agricultural production life cycle covered in the docu-
ment. It should be noted that the samedocument can be classified into dif-
ferent stages. Fig. 1 shows a summary of the methodology applied in this
study.

3. Results and discussion

This section presents the results obtained from the analyses carried
out. Firstly, the main concepts resulting from the application of the cir-
cular economy framework to agriculture are briefly outlined. Next, the
general context of the evolution of themain variables related to the sci-
entific production related to research on CEA is shown. Then, the differ-
ent life cycle stages that make up crop production are detailed and,
finally, research on the application of the circular economy in each of
these stages will be analysed.

3.1. The circular economy in agriculture

Adapting the CE concept to agriculture requires three principal aspects
to be taken into account. First, the efficientuse of resources and theoptimi-
sation of the processes in a way that reduces the use of resources and
prevents wastage (Zabaniotou et al., 2015). Second, environmental, eco-
nomic and social sustainability in the long term (Burgo-Bencomo et al.,
2019). Third, regenerative systems that enable the closure of nutrient
loops andminimise leakages (Morseletto, 2020). Taking these three points
Fig. 1. Summary of th
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into account, Velasco-Muñoz et al. (2021) define the CE in the field of
agriculture as “the set of activities designed to not only ensure economic,
environmental and social sustainability in agriculture through practices
that pursue the efficient and effective use of resources in all phases of
the value chain, but also guarantee the regeneration of and biodiversity
in agro-ecosystems and the surrounding ecosystems”.

The CE is based on three principles (EMF, 2015): “design without
waste and pollution”, “keep products andmaterials in use”, and “regen-
erate natural systems”. The implementation of the first principle within
the agricultural context involves the elimination of negative externali-
ties generated by it, such as the pollution and degradation of the soil
orwater bodies (Aznar-Sánchez et al., 2019).With respect to the second
principle, the value of theproducts, co-products and by-products should
be maximised in all the phases of the agro-food supply chain (EMF,
2019a). Finally, the third principle is based on promoting the preserva-
tion and improvement of the natural systems through the use of renew-
able resources (EMF, 2015; Velasco-Muñoz et al., 2021).

In order to implement circular agricultural managementmodels, three
phases must be analysed (Burgo-Bencomo et al., 2019): i) production
planning, ii) production organization and iii) production application. Pro-
duction planning is based on the knowledge of the demand for food in
the area analysed and the possible surpluses in order to determine the
necessary area of the land and the variety of products, to plan the sowing
and to estimate the harvest amounts. Production organization includes all
of those actions aimed at achieving a correct development of the crop
without causing a negative impact on the ecosystems, such as the organi-
zation of energy flows or material cycles, and the administration of the
workforce. Production application is the stage in which the production
systems are used, including the planting, harvest and evaluation of possi-
ble damage, the determination of the crop yields, the natural integration
with the environmentwhich takes into account aspects such as optimising
the use of nutrients considering the needs of the crops or minimising the
use of pesticides to avoid impacts on soil biodiversity and, finally, the con-
trol and regulation of the process.

However, the implementation of circular models in the agricultural
sector involves a series of challenges, such as regulatory limitations,
the need to optimise reverse logistics chains, the geographical
dispersion of the companies, system boundaries and the leakage of ma-
terials, the ignorance and lack of acceptance among consumers, the
e methodology.
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Fig. 2. Comparative trends in circular economy in agriculture (CEA) and agriculture research.
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technological limitations and the lack of certainty and incentives with
respect to investments (Borrello et al., 2016; Muscio and Sisto, 2020;
Velasco-Muñoz et al., 2019). In this context, there are four strategies
that can facilitate the development and implementation of circular
models in agriculture (Velasco-Muñoz et al., 2021): i) narrowing re-
source loops, in order to maximise the use of resources; ii) slowing re-
source loops, so as extend the useful life of the products within the
agro-food system; iii) closing resource loops, based on the reuse and
recycling of agricultural materials; and iv) regenerating resource
flows, which groups together all those actions that promote the conser-
vation and improvement of natural capital.

According to Velasco-Muñoz et al. (2021), the application of CE in
agriculture is closely linked to the sustainability of this activity. This is
based on the fact that CE aims to generate economic and social prosper-
ity and protect the environment by avoiding pollution, thus facilitating
sustainable development (Burgo-Bencomo et al., 2019). In order to
achieve sustainability in agriculture, the adoption of circular models
aims to i) make agriculture a pillar of the economy, rather than a
subsidised sector, ensuring economic sustainability (Bos and Broeze,
2020); (ii) ensuring the conservation of biodiversity and productivity
Fig. 3. CEA research
Source: Scopus.
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over time in its agro-ecosystems, ensuring environmental sustainability
(Jun and Xiang, 2011); and (iii) contributing to providing food security,
eradicating poverty and improving health and living conditions, i.e. so-
cial sustainability (Burgo-Bencomo et al., 2019; Kristensen et al., 2016).

At the political and legislative level, contributions have been made to-
wards the development of circular models in agriculture. Germany
pioneered the integration of the Circular Economy into national laws as
early as 1996 with the enactment of the “Closed Substance Cycle and
Waste Management Act” (Su et al., 2013). It was followed by Japan's
“Basic Law for Establishing a Recycling-based Society” of 2002 (METI,
2004), and the “Law on the Promotion of Circular Economy of the People's
Republic of China”of 2009 (Lieder andRashid, 2016). Supranational bodies
have also incorporated circular economy concerns, most notably the 2015
EU Circular Economy Strategy (European Commission, 2015). This Plan
was re-launched in 2020, under the umbrella of the European Green
Pact, including initiatives throughout the entire life cycle of products,
and with the aim of generalising circular economy processes, in order to
promote sustainable consumption and to keep the resources used in the
EU economy for as long as possible. However, the main impetus at the
global level.
by subject area.
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3.2. General context of the research on the circular economy in agriculture

In order to contextualise the subject, a summary of the data
contained in the principal repositories has been conducted. The overall
analysis of the research on the circular economy in agriculture (CEA)
shows that it is a new topic with an exponentially growing interest, as
the number of documents published increased from 1 in 2007 to 222
in 2020. We should take into account that the most recent theoretical
approaches in relation to the CE became more widespread after 2010
as a result of the activity carried out by the EllenMacArthur Foundation
(Velasco-Muñoz et al., 2021). Meanwhile, the average number of
authors per document has grown from 2 in 2007 to 5 in 2020. The
number of countries participating in the studies on CEA has grown
from 1 to 55 in the same period, while the number of journals in
which studies on this topic are published has increased from 1 to 100.
The average number of citations per document has risen from 0.4 in
2010, the first year that citations were included, to 9.1 in 2020.

In order to contextualise the evolution experienced by this line of re-
search, the annual variation in the number of articles published on CEA
has been compared with the number of articles published on Agricul-
ture in general (Fig. 2). The number of articles on Agriculture rose at
an average annual rate of 0.5 % between 2007 and 2020, while the num-
ber of articles on CEA increased by 1.8 %. This confirms that research on
CEA has acquired great interest within the research on agriculture. In
turn, Scopus classifies the indexed documents based on the field of
knowledge analysed in different subject categories. From this classifica-
tion, the main thematic categories of CEA research are Environmental
Sciences with 62.3 % of the documents in the sample, Energy with
29.9 % and Agricultural and Biological Sciences with 24.4 %. The full
set of subject categories in which CEA papers fall and their percentages
are shown in Fig. 3.

A total of 71 countries were involved in the research on CEA (Fig. 4).
Italy is the countrywith the highest number of articles on this subject. In
this country, particularly noteworthy are the institutions Alma Mater
StudiorumUniversità di Bologna and theUniversità degli Studi di Foggia
as being themost prolific in the area analysed. Spain follows, where the
Universidad de Almeria and the Universitat Autònoma de Barcelona
are the most relevant institutions in the research on CEA. In China, the
most relevant institutions in this research field are the Ministry of
Agriculture of the People's Republic of China and the Chinese Academy
of Sciences. In the ranking of institutions, Wageningen University of the
Netherlands has the highest number of articles published on CEA. Based
on the number of affiliated authors in institutions in different countries
who share authorship of the papers in the sample, aswell as the number
Fig. 4. Distribution of CEA research by

261
of countries, it can be said that there is a wide network of international
collaboration between countries and institutions in CEA research.

The analysis of the most used key words allows us to determine the
preferences of each country in the specific themes developed in their re-
search on CEA. In the case of Italian production, the terms Sustainable
Development, Sustainability, Biomass, Fertilizers, FoodWaste, Nonhuman,
Recycling,WasteManagement, Anaerobic Digestion,Waste, Soil and Food
Supply stand out. In the case of Spain, the terms Sustainable Development,
Sustainability, Biomass, Fertilizers, Nutrients, Economics, Life Cycle,
Nonhuman, Environmental Impact, Life Cycle Assessment, Waste
Management and Life Cycle Analysis stand out. In the Chinese research,
the most commonly used terms are Sustainable Development, Fertilizers,
Agricultural Wastes, Sustainability, Economics, Agricultural Robots,
Biomass, Recycling, Anaerobic Digestion, Biogas, Controlled Study, and
Greenhouse Gases. As can be seen, there is a common line that is based
on the pursuit of sustainable development and sustainability and the
study of biomass.However, it is clear howdifferent countries givedifferent
degrees of attention to common concepts and focus on different aspects
such as soil and food production in the case of Italy, the life cycle approach
in the case of Spain, and the use of robotics in agriculture and bioenergy
production in the case of China.

3.3. The life cycle in the production phase

The agro-food value chain consists of different steps. In the first step,
the suppliers of the goods and services necessary to develop the agricul-
tural activity, including the seed providers, the agro-chemical industry
or energy suppliers (Cucagna and Goldsmith, 2018). Next is the produc-
tion phase, in which farmers use the necessary inputs and practices to
obtain their products. After the products are obtained, they move on
to the processing stage, in which different procedures are carried out,
such as washing, juice extraction, freezing or packaging (Barros et al.,
2020). Subsequently, the product obtained undergoes the retailing
phases, which includes the supermarket and small retailer chains. The
retailers are responsible for taking the product to the last link in the
chain, that is, the consumers (Liao et al., 2020). We should take into ac-
count that, inmany cases, the products do not complete all of the phases
of the chain. For example, when producers sell their products directly to
the final consumer.

This study focuses on the second phase of the agro-food chain, the pro-
duction phase of agricultural crops. The life cycle of the production of agri-
cultural crops is characterised as being ‘cradle to farm-gate’, in which the
system boundaries start with the planting or sowing and end with the
exit of the products and sub-products to the following stage of the agro-
country (number of publications).
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food chain (Hayashi et al., 2005; Tamburini et al., 2015). The elements of
this next phase range from the final consumer, in the case of direct sales,
to the incorporation of the product in a transformation process in the dif-
ferent alternatives routes of the value chain (food, pharmaceutical, cos-
metics, etc.). The CE has the objective of the efficient and effective use of
resources in order to reduce the quantity of inputs necessary in the pro-
duction processes, and the reuse and recycling of the waste generated
(Muscio and Sisto, 2020; Velasco-Muñoz et al., 2021). Therefore, the pos-
sibility of applying CE practices in each of the operations undertaken dur-
ing agricultural production will depend on two factors: i) whether the
stage is more or less intensive in the use of resources, and ii) the possibil-
ities of exploiting thewaste generated. In order to analyse the adoption of
the CE practices in agricultural production, the different stages and the ac-
tivities carried out in each of them throughout the cultivation process are
identified. Subsequently, the life cycle of the production of crops was de-
termined, based on the intensity of the use of resources and the generation
of waste and the possibilities to use it. As a result, an adaptation of the ag-
ricultural life cycle based on the characteristics of the CE is proposed, aswe
can observe in Fig. 5. Formore detailed information on hownutrientflows
occur between the different life cycle stages of crop production, see
Papangelou and Mathijs (2021).

The stages of production of agricultural crops range from the sowing
towastemanagement (in green in Fig. 4). In order to develop the differ-
ent stages, it is necessary to use different inputs which are obtained in
the previous phase of the chain and include the suppliers of utilities
(water, energy, etc.) and of the different products and materials
(seeds, fertilizers, machinery, etc.). Production begins with field prepa-
ration, which includes all those activities that are necessary to carry out
before the sowing or planting, for the correct development of the crop
(Pascual et al., 2018). Once the land has been prepared, the planting
stage begins, in which the seeds are planted or, in the case of seedlings
grown in nurseries, the plants are inserted into the cultivation area for
their development (Villalobos et al., 2016). After the planting stage, dif-
ferent processes are carried out in order to improve the production and
quality of the fruits obtained, which can vary depending on the charac-
teristics of the crop and the needs of the plants at eachmoment. Among
them we can find fertilizer application, pest control, mulching, irriga-
tion, pruning and other cultural practices.

Fertilizer application consists in applyingmaterials or substances to the
soil in order to increase the yield of crop soils, as well as to increase the
quality and quantity of production (Karagöz, 2021). Pest management
Fig. 5. Circular economy life c
Adapted from Hayashi et al. (
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includes all those actions carried out in order to combat undesirable ani-
mal or plant species that appear during the cultivation stage (Sawicka
and Egbuna, 2020). Mulching consists in covering the surface of the
ground in order to eliminate weeds, reduce the loss of moisture of the
soil or increase the efficiency of the fertilizers (Sartore et al., 2018). Irriga-
tion consists in the artificial application of water to the soil to increase the
moisture available to the roots in order to favour the plant growth (Asawa,
2008). The pruning process involves the elimination of the undesired
branches and leaves, while training operations are carried out to guide
the direction of growth and the form of the plants and trees (Ferree and
Schupp, 2003; Sharmaet al., 2018). Conductingpruning and training oper-
ations regularly reduces plagues and diseases and allows the crops to bet-
ter capture the sunlight (De Pascale and Leonardi, 2011).

The harvesting operations can vary depending on the type of crop,
although, in general, they consist in partly or wholly cutting the plant
above ground level and separating the useful part from what is consid-
ered as waste (Villalobos and Fereres, 2016). Finally, waste manage-
ment includes the actions necessary to perform during and after the
development of the growing process, in order to try and eliminate the
waste generated in the different stages (Kapoor et al., 2020). Different
outputs are obtained as a result of the production process: i) the prod-
ucts per se, which include foods and different raw materials; ii) by-
products that are products obtained secondarily during the production
process and which the farmer can market, usually at a lower price
than the principal product; and iii) the waste generated during produc-
tion, which, in many cases, can be used on the farm itself or incorpo-
rated into another production process (Berbel and Posadillo, 2018).
For example, in the cultivation of olive trees for oil production, the
main product obtained consists of the olives collected during the har-
vesting phase, which will later be used to produce olive oil. Thus, after
the fruit is harvested, the trees are pruned resulting in wood and
small pruning residues. Wood is a by-product of production that can
be used for heating homes or sold as a raw material to produce animal
feed, biocomposites or energy (Lo Giudice et al., 2021). Additionally,
small pruning residues are waste that can be chopped and shredded
for subsequent spreading on the crop (Moreno-García et al., 2018).

3.4. Research on CE in the life cycle in the production phase

This section analyses the research conducted in the field of CEA on
each of the phases of the life cycle of agricultural production. To do
ycle of crops production.
2005) and Tamburini et al. (2015).
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this, we refer to the principal inputs that are used in each of the phases,
the principal lines of research developed and the problems and gaps
identified.

It should be noted that there is a series of inputs that are used in
most or all of the phases of the life cycle such as energy, fuel, tools and
machinery. No studies have been found that analyse the management
of these resources in agriculture from a CE perspective. With respect
to energy and fuels for agricultural use, it is conducted that there is a
high level of dependency on fossil resources, both to generate electricity
and to powermachinery. This causes environmental impacts, given that
the cultivation practices account for almost 20 % of annual CO2

emissions on a global level (Circle Economy, 2021). To do this, the use
of renewable energy and fuel sources have great potential as a CE strat-
egywhich has yet to be implemented andwhich requires a greater level
of knowledge in order to be fully exploited.

In addition, there are also the so-called technical materials used in
agriculture, which include all materials of which the inputs to the pro-
duction process are composed that do not have an organic basis. These
materials include the tools and machinery that are usually used contin-
uously over several campaigns. They also include the containers and
packaging and other support materials that contain the different mate-
rials and products used in the agricultural activities (fertilizers, seeds,
phytosanitary products, etc.). CE strategies for these materials should
focus on trying to lengthen their useful life as much as possible through
reparation, reconditioning and remanufacturing either to reuse them
for the same purpose or recover the materials to be reused within the
same value chain or between different ones. This would minimise
waste generation and the need to incorporate new materials (Sayadi-
Gmada et al., 2019; Velasco-Muñoz et al., 2021). However, a lack of re-
search regarding circular alternatives in the generation of this type of re-
sources in the agricultural field has been noted. Some of the possibilities
include the adoption of collaborative economymodels in the shared use
of machinery to maximise their use and to provide access to them by
small farmers without resources. Replacing ownership with contractual
systems for the temporary use of the machinery is another alternative
that requires further study.

3.4.1. Field preparation
The production process begins with field preparation, which in-

cludes all of the actions necessary to prepare the farm for cultivation,
such as the installation of irrigation systems, the preparation and re-
placement of greenhouse roofs or the preparation of the growing
media for soilless crops. Depending on the action carried out, different
inputs will be required. For example, in the case of the greenhouse
covers, plastic and wire and different tools are necessary (Aznar-
Sánchez et al., 2020). Meanwhile, in the case of soilless crop systems,
the growing media in which the roots of the plants develop should be
prepared. The non-renewable materials which are most used are peat,
pearlite and rock wool (Martin et al., 2019). The priority aspects in
this field preparation stage are the preparation of the growing media
based on recycled materials and the reuse of the spent growing media.

In addition to the usual inputs for the development of the crops, the
soilless systems require the preparation of the growing media in which
the roots of the plants develop. A large number of studies focus on the
development of alternative materials for the growing media such as
almond shells (Kennard et al., 2020), tomato plant stalks (Manríquez-
Altamirano et al., 2020), compost and vermicompost (Greco et al.,
2019) or waste from the pulp and paper industry (Grimm et al.,
2021). The reuse of the growing media for several crop cycles is an
action which lengthens the useful life of the materials and resources
used and reduces the generation of waste. A line of research related to
this aspect is being developed, including the studies by Vandecasteele
et al. (2020), in which the spent growing media of the soilless crops is
used to cultivate Chrysanthemum in pots or those by Grimm and
Wösten (2018) and Zied et al. (2019), that focus on the reuse of spent
mushroom substrate in several cycles of mushroom crops.
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To improve the circularity of the processes in this stage of cultiva-
tion, a greater level of knowledge is required regarding the possibilities
of reusing spent growing media, both for different cycles of the same
crop and for different varieties. For example, future lines of research
could be aimed at improving and extending the life of substrates used
in hydroponic crops, such as rock wool or coconut fibre, as well as
their subsequent use in other production processes when they are no
longer suitable for agricultural use. Thus, itwould benecessary to design
a complete process for its treatment and conditioning. Therefore, as-
sessments would have to be made from an economic and environmen-
tal point of view of these processes, together with comparisons of the
different alternatives developed. Moreover, there is a gap in the knowl-
edge on the circular treatment of the permanent and semi-permanent
elements of farms, such as greenhouse structures, irrigation systems,
ventilation and heating systems, etc. All of these elements provide an
opportunity to develop circular models based on the management of
technical materials for agriculture. In the management of these mate-
rials, it is particularly relevant to develop integrated value chains that
include the links not only of a single production process, but also inter-
connect different processes and sectors. This should be realised through
holistic approaches, which implies the simultaneous application of the
different circular economy principles in the different life cycle stages
of the set of value chains involved and considering all stakeholders
(Mangers et al., 2021). The development of such models applied to
the management of agricultural materials is a future line of research.

3.4.2. Sowing or transplanting
In this phase, there is a distinction between crops where the seed is

sown directly, as in the case of cereals, and others where the plant is
previously developed in a nursery, as in the case of vegetables, and
later transplanted for its final maturing on the farm (Villalobos et al.,
2016). Direct sowing in thefield requires the seeds and appropriatema-
chinerywhen it is performedmechanically.When the seed is grown in a
hothouse and is transplanted to the growing area, it is necessary to use
materials for transplanting the seedlings. Thesematerials are usually re-
turned to the nurseries after the transplantation has taken place, where
they are reused for new crops or are recycled (Aznar-Sánchez et al.,
2020). We should take into account that the activity developed in the
nursery is similar to that of crop production but with its own character-
istic features, such as being carried out under cover and only during the
period of time necessary for the seedlings to develop (Pascual et al.,
2018). No studies have been found that address the sowing or trans-
planting activities from a circular perspective. However, this stage is
one of the least demanding, in terms of both the quantity and variety
of the resources. Therefore, the principal potential from a circular per-
spective in this phase is related to the replacement of fossil fuels for
the machinery, in the case of non-manual sowing, and with the previ-
ously mentioned management of technical materials. Furthermore, it
is in these centres where a large part of the research on the improve-
ment of varieties is developed and applied. This is one of the main
lines of future research to adapt crops to the adverse conditions caused
by climate change. Such future research should also include varietal im-
provement for the development of materials more suitable for circular
processes, such as more resistant fibers, biomass with higher calorific
value andmore biomass per plant. This would also require the develop-
ment of integrated value chains where supply and demand are coordi-
nated under systemic circular thinking.

3.4.3. Fertilizer application
In order to guarantee the maximum efficiency of the fertilizers, the

plants must absorb the maximum fraction possible of nutrients. There-
fore it is necessary to correctly choose the fertilizer and the application
technique (Delgado et al., 2016). Fertilizers can be classified as organic
and inorganic (Karagöz, 2021). Inorganic fertilizers (minerals or
chemicals) are those in which the nutrients are obtained through ex-
traction or industrial processes, while organic fertilizers use natural
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materials of a plant or animal origin (Roba, 2018). Fertilizers are one of
the resources most intensively used in agriculture. According to the
World Bank, in 2018, approximately 136 kg/ha of fertilizers were con-
sumed, across an area corresponding to 10 % of the world's surface
(Karagöz, 2021). In addition, world demand for fertilizers is estimated
at over 200million tonnes (FAO, 2019). Therefore, improving efficiency
in the management of this resource is essential. Fertilizers may be ap-
plied manually, with machinery and through irrigation systems
(fertigation) (Delgado et al., 2016). Research on circularity and fertilizer
application has been extensively developed in recent years. The major
topics are i) the elaboration of organic fertilizer, ii) the direct application
to the soil biomass, iii) the recycling of phosphorous, iv) biostimulants,
and v) the farmers' perception on organic fertilizers.

Inorganic fertilizers have been widely used, but their production is
costly in terms of materials and energy (Stürmer et al., 2020), while
their use generates negative impacts on the adjacent ecosystems
(Sharma and Singhvi, 2017). In particular, the continued excessive use
of fertilizers has become a major source of soil and water pollution
(Khan et al., 2018). In this context, there are several management prac-
tices that canminimise these impacts, such as soil analysis to determine
soil nutrient requirements and irrigation management (Banerjee et al.,
2018). Another alternative is the use of recycled organic fertilizer
based on materials such as animal manure, biosolids from human
waste, anaerobic digestate, biochar and crop residues (Alobwede et al.,
2019). The use of organic fertilizers provides the crops with the macro
and micro nutrients necessary for the growth of the plants (Blouin
et al., 2019; Czekała et al., 2020). Moreover, the application of organic
fertilizer on agricultural land improves soil organic carbon stocks,
which is a key attribute of soil quality (Verma et al., 2019). It also
maintains soil aeration and soil moisture and promotes the growth
of soil microorganisms (Khan et al., 2018). This has led to a recent in-
crease in research related to nutrient recovery processes, as well as
waste and materials suitable for use in both recovery processes and
fertilizer production. However, organic fertilizers also have certain
limitations such as the fact that part of the nutrients are in organic
form and their release is not immediate or that the concentration
of nutrients depends on the nature and processing of the product
(Delgado et al., 2016). This can jeopardise the food security of a
growing population, which reaffirms the need to develop manage-
ment practices that maintain production levels while reducing neg-
ative environmental impacts (FAO, 2017).

The recovery and reuse of the biomass derived from post-harvest
waste of livestock production or food processing constitutes an alterna-
tive to reuse valuable elements for fertilizer application, reducing the
use of non-renewable raw materials. There are different methods for
exploiting the biomass, such as composting, anaerobic digestion and
different methods of thermal processing such as incineration, gasifica-
tion and pyrolysis (Chojnacka et al., 2020a). The choice of one method
or the other depends on the material used, the possibilities for utiliza-
tion of the material and the purpose of the treatment. The purpose of
composting is to obtain material that can be used as a soil amendment,
in landscaping, erosion control, mulching and soil remediation. Pro-
cesses such as incineration are mainly aimed at obtaining energy, in
this case bymeans of controlled combustion that transforms the organic
fraction of waste into inert materials and gases and the release of heat.
The main differences between the two methods include the possibility
of reusing the nutrients in the agricultural production process and the
generation of waste, among others. Many studies have addressed as-
pects related to the application of fertilizers derived from products ob-
tained through these processes such as compost (Cortés et al., 2020;
Moretti et al., 2020), digestate (Spyridonidis et al., 2020; Vitti et al.,
2021) or biochar (Jindo et al., 2020; Lu et al., 2020; Abbas et al., 2021).
Research has also been developed regarding the direct application to
the biomass soil of fertilizers derived from different sources, such as
algae (Alobwede et al., 2019), pruning residues (Michalopoulos et al.,
2020) or straw (Ma et al., 2020).
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With respect to the different nutrients, particularly prominent is the
management of phosphorous (P) as it is a finite resource essential for
plant growth. To this direction, farmers should adopt practices to mini-
mise losses of P to the water due to erosion, incorporate precision agri-
culture to manage P inputs more efficiently, such as the application of
variable rates of P to crops based on integrated geospatial technologies,
and integrated agricultural practices that make optimum use of re-
sources of secondary P sources, such as use of organic matter to mini-
mise leaching (Withers et al., 2018; Garske et al., 2020). Furthermore,
P fertilizers derived from secondary rawmaterials can constitute a valu-
able alternative to extracted phosphate rock and processed P fertilizers
(Huygens and Saveyn, 2018; Castro et al., 2020; Herrmann et al., 2020).

The objective of biostimulants is to improve the nutrient absorption
mechanisms of the plant and their efficiency, as well as increasing the
tolerance to biotic and abiotic stresses. Due to this, the use of
biostimulants can reinforce the effectiveness of the fertilizers and re-
duce the amount applied (Puglia et al., 2021). In this respect, a series
of articles exist that analyse the application of different residues and
materials as biostimulants for plant growth, such aswool keratin hydro-
lysate (Gaidau et al., 2019), olive mill waste (Sciubba et al., 2020),
fermented alfalfa brown juice (Kisvarga et al., 2020) or microalgae
(Kapoore et al., 2021).

When innovations are adopted in agriculture, the opinion of the
farmers is definitive. Given the importance of fertilizers, different stud-
ies have been conducted on the use of organic fertilizers derived from
different sources, such as animals or urban waste (e.g., sewage sludge
or organic household residues) (Case et al., 2017). Also notable are stud-
ies on the willingness to pay (WTP) for organic fertilizers derived from
human excrement (Gwara et al., 2020) or compost (Muhammad et al.,
2020), which identify influential factors, such as education, experience
or the size of the farm. The barriers to the use of organic fertilizers in-
clude legal or political barriers, such as the current Regulation (EC)
No. 2003/2003 of the European Parliament and the Council relating to
fertilizers, which only regulates the sale of mineral fertilizers in the sin-
glemarket of the EU (Garske et al., 2020; Rahimpour-Golroudbary et al.,
2020; Stürmer et al., 2020).

In order to improve the circularity of this stage of agricultural pro-
duction, greater efforts should be made to maximise the efficiency of
the fertilizers and to adjust the dose of application to the real needs of
the plants. In this respect, there is extensive research froman agronomic
approach, constituting a future line of research. However, this part of lit-
erature is not linked to a circular perspective. Therefore, studies should
be carried out which integrate both perspectives. The use of organic
fertilizers constitutes an opportunity for recovering nutrients within
the farm itself, and other sectors. However, there is reticence derived
from the composition and properties of the different materials used
with respect to the destination crops (Zabaniotou et al., 2015). From
an environmental point of view,more information is required regarding
the benefits and the disadvantages of the use of the different materials
for each crop under different circumstances. For example, returning
straw to the soil could generate an increase in methane emissions of
more than 20 % (Ma et al., 2020). Furthermore, the studies that address
the environmental impacts are usually focused on greenhouse gas emis-
sions, but it is necessary to quantify other aspects related to the pollu-
tion of the water or the biodiversity as well. Finally, a future line of
research relevant to the fertilization phase is the development and
widespread application of globally standardised nutrient circularity in-
dicators (Velasco-Muñoz et al., 2021). This is especially relevant consid-
ering the global food trade and the transfer of nutrients from one
continent to another.

3.4.4. Pest management
The most common actions carried out in pest management are the

adaptation of the growing methods (dates of sowing or crop rotation),
the use of chemical products (pesticides, herbicides, insecticides, fungi-
cides, etc.) and biological methods (natural enemies) (Sawicka and
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Egbuna, 2020). The intensity in the use of resources in this stage will
vary depending on the appearance of plagues during the development
of the crop and the technique used to combat them, which is higher
when chemical products are used. The research developed on CEA in
this stage is principally focused on the production of bioherbicides,
and the determining factors are the costs of the process and the choice
of economic and technically feasible materials. The options analysed in-
clude recycled microalgae (Stefanski et al., 2020), sub-products derived
from olive mill waste (Sciubba et al., 2020), organic fraction of munici-
pal solid waste (Ballardo et al., 2017) or biogas slurry (Chang et al.,
2011).

The research carried out in this area is very limited. Although the de-
velopment of bioproducts aimed at controlling the different types of
plague has intensified greatly in recent years, there is a lack of research
on the development and use of these products from a circular perspec-
tive. Although they have a biological basis, the use of these products
should be limited to exceptional situations, as there are other alterna-
tives that aremuchmore efficient from a circular point of view. Instead,
a reinforced use is required of integrated plague control techniques that
include actions such as crop rotation or the implementation of reser-
voirs to promote biodiversity and biological control through natural en-
emies (Matthews, 2017). Similarly, in this case, although extensive
research has been conducted on the effectiveness of integrated control
techniques to fight different types of plagues, this has not been ad-
dressed from a circular point of view. This is partly due to the lack of cir-
cular economy indicators capable of capturing, on the one hand, the
level of circularity of processes under different management practices,
as well as the contribution of the adoption of such processes to the
final result (Zabaniotou et al., 2015; Velasco-Muñoz et al., 2021). This
constitutes another relevant future line of research.

3.4.5. Mulching
The use of mulching has different advantages such as improving the

performance and quality of crops, improvingwater use efficiency by re-
ducing evaporation, decreasing the erosion of the soil and controlling
the proliferation of weeds (Sartore et al., 2018). The materials used for
mulching can be organic (for example, straw), inorganic (plastic films)
or special materials (biodegradable plastic films) (Setti et al., 2020).
The research in this stage focuses on the substitution of the inorganic
materials with other organic or special materials.

The materials most used for mulching are plastics, constituting the
second most important application of plastic in agriculture (Prosperi
et al., 2018). This has generated serious environmental problems as its
recycling is very complicated, as the film is contaminated by soil, stones
and biological waste (Prosperi et al., 2018; Aznar-Sánchez et al., 2020).
The use of biodegradable and renewable materials to manufacture
mulches can be an interesting alternative for resolving this problem,
as at the end of their useful life, these materials degrade into the soil
(Sartore et al., 2018). This has led to research on the development of
biodegradable plastics based on different materials such as waste from
the leather and natural fillers industry (Sartore et al., 2018), citrus pom-
ace biomass (Zannini et al., 2021) or black soldier fly protein bioplastic
(Setti et al., 2020). In the case of organic materials, Sayadi-Gmada et al.
(2019) consider that the use of a layer of straw can constitute a feasible
mulching alternative in vegetable crops, while Bechara et al. (2018) an-
alyse the use of chopped pruning residues in olive cultivation.

In order to improve the circularity of this growing phase, two
measures are principally recommended. On the one hand, to always
use organic materials from the farm itself for creating mulching. When
this is not possible, the recycled organic materials of other crops or
sectors should be used. In this way, the use of non-renewable materials
is eliminated, resources are recovered and the nutrient cycle is closed.
On the other hand, when this alternative is not possible, the use of
mulch films produced with organic materials should be prioritised. In
this way organic materials from agriculture and other industries
can be reused and waste generation can be reduced, based on their
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biodegradable nature. However, these types of materials are still in the
development phase. A greater knowledge of the effectiveness of thema-
terials used, the adaptation to the crops and the economic feasibility of
the process for their mass marketing is required, constituting a future
line of research. This is particularly relevant, given that, despite the
available feasible alternatives, farmers don't use them due to their im-
pact on cost structures (Aznar-Sánchez et al., 2020).

3.4.6. Irrigation
In this stage, the essential elements are the irrigation systems used

and the necessary amount of water. There are different types of
irrigation systems, principally surface, sprinkler and drip systems
(Jägermeyr et al., 2015). The main topics addressed in this phase are
the incorporation and technological improvement of irrigation systems
and the use of wastewater.

Within the modernisation of the systems used and the use of tech-
nologies that improve in the efficiency of the water consumption, par-
ticularly noteworthy is the incorporation of micro-irrigation, including
drip and sprinkler systems which increases the efficiency in water use
by 50 % and 90 % (Aznar-Sánchez et al., 2020; Suresh and Samuel,
2020). Apart from that, the hydroponic crops constitute a promising al-
ternative, given that they enable the recirculation of water and also
allow the combination of agriculture with other activities, such as aqui-
culture (Crappé and Buysens, 2020; Rufí-Salís et al., 2020). Meanwhile,
the use ofwastewater increases the supply ofwater necessary for irriga-
tion,while constituting a source of nutrients for plants and enabling tra-
ditional irrigation systems to be upgraded to ferti-irrigation (Chojnacka
et al., 2020b; Maquet, 2020). The advantages of using this type of water
have been proven for the irrigation of different types of crops in a vari-
ety of geographical areas (Maestre-Valero et al., 2019; Maquet, 2020;
Tallou et al., 2021).

No research has been found, from a circular point of view, on the
energy sources necessary for running irrigation systems, which can be
fossil fuels or electrical energy, depending on the system used. In addi-
tion, irrigation systems are usually used for several campaigns to make
themost out of the investmentmade. However, there is no record of any
research on the destination of the obsolete irrigation systems and their
possible processing from a circular perspective. Finally, given the vital
nature of water for agriculture and the prospect of scarcity shortly, the
efforts to improve efficiency in irrigationmanagementmust be doubled
and the supply of water extended through new alternative sources.

3.4.7. Pruning and training
In order to carry out pruning, it is necessary to use tools such as sec-

ateurs, loppers or long reach pruners (Sharma et al., 2018). Pruning op-
erations can also be performed with machinery, particularly in the case
of trees. With respect to training operations, the necessary materials
varydependingon the type of crop. For example, the training operations
in trees usually consist in eliminating branches in order to improve their
shape, so the same tools as those used in pruning are needed (Ferree
and Schupp, 2003). In the horticultural sector, certainmaterials are usu-
ally used to guide the growth of the plants vertically, such as sticks, raf-
fia, plastic clips, etc. (De Pascale and Leonardi, 2011). From a circular
perspective, there are few studies referring to the management of the
materials needed to carry out training operations. At the same time, in
this phase of cultivation, no biological resources are required, but a
large quantity of biomass is produced, which will be dealt with in the
waste management phase.

The principal problem identified by the research in this phase of cul-
tivation is the use of plastic materials to guide the growth of the plants,
particularly in the growing of plants and vegetables in greenhouses.
These materials used are not renewable. Furthermore, there is a prob-
lem about what should be done with them after their use and also the
biomass materials generated. In the phases after the harvest, the plastic
materials, such as clips and raffias aremixedwith the plant residues and
have to be separated manually in order to be reused (Sayadi-Gmada
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et al., 2019; Duque-Acevedo et al., 2020; Sayadi-Gmada et al., 2020).
Therefore, in order to improve the circularity in this point, the develop-
ment of systems based on biodegradable materials for training opera-
tions is proposed. One of the main reasons for the lack of widespread
use of these biodegradablematerials is their high cost in relation to plas-
tic alternatives, so it is necessary for these systems to have an affordable
final price for the farmer in order to guarantee their use (Duque-
Acevedo et al., 2020). Another alternative to explore is the recycling of
the plastic materials that are currently used in training operations in
other sectors such as the building industry (Awoyera and Adesina,
2020).

The studies identified that address the use of plastic materials in this
stage of cultivation are focused on greenhouse farming. However, their
results can be extended to any other system with the same problem.
The circularity proposals in this stage are concerned with the manage-
ment of technical resources and energy. Finally, there is an extensive
body of literature dedicated to the use of the biomass produced in this
phase of cultivation. This body of literature includes two main tradi-
tional topics. On the one hand, the use of plant remains for the produc-
tion of compost and the different related aspects, from the production
process to the impact on the different soil characteristics (Moreno-
García et al., 2018). And on the other hand, the valorisation of pruning
waste for the production of energy through the different possible pro-
cesses (Tauro et al., 2022).

3.4.8. Harvesting
Harvesting can be performed manually or mechanically

(Kusumastuti et al., 2016). Manual harvesting requires the use of tools
such as sickles, shears or knifes, and materials in which to deposit the
pieces harvested, such as baskets, boxes, mantles or wheelbarrows. In
the case of mechanical harvesting, the appropriate machinery for each
typeof crop is needed. The studies carried out on CEA in this stage of cul-
tivation are scarce and focus on the reuse of the boxes used for deposit-
ing the fruit through the implementation of closed circuit models
managed by the handling and packaging centres (Sayadi-Gmada et al.,
2019; Sayadi-Gmada et al., 2020; Liao et al., 2020).

In order to improve the circularity in this stage, a development of the
research on the management of technical materials such as tools, ma-
chinery and vehicles and energy and fuel is required, given their inten-
sive use. Moreover, this phase of cultivation is particularly critical with
respect to the generation of food waste when the fruit and vegetables
and other crops do not comply with the marketing standards or are
damaged during harvesting. Therefore, it is particularly relevant to im-
plement measures to eliminate losses and reintroduce all of the mate-
rials produced into the value chain, either in the food chain or other
sectors such as the pharmaceutical, cosmetic or chemical sectors.
There are also other alternatives, such as the transfer of these products
to canning or frozen food companies or for the development of black
soldier fly larvae for poultry production (Aznar-Sánchez et al., 2020;
Dorper et al., 2020).

3.4.9. Waste management
This is one of the most important stages of the life cycle of agricul-

tural production in terms of the CE, given the large amount of waste
generated by this activity and the high potential of these resources for
their reuse, both on the farm itself and in other productive sectors.
Waste can be classified according to its composition as either organic
or inorganic. In the case of the agricultural activity, a significant amount
of organicwaste is usually generated, including damaged fruits, pruning
residues or plants at the end cultivation. In this respect, the quantity and
distribution of waste in the fields after cultivation will depend on the
harvesting method used, and chopping or withdrawal operations may
be necessary (Villalobos and Fereres, 2016). Two types of agricultural
waste can be distinguished according to its origin. The residues that re-
main in the fields after the harvesting phase are primary waste and in-
clude straw, stalk, stubble, leaves, etc. (Kapoor et al., 2020). Secondary
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waste is derived from processing and transformation activities of agri-
cultural products, such as rice husk, hulls or corncob (Honorato-
Salazar and Sadhukhan, 2020).

With respect to inorganic waste, diverse aspects have been studied,
such as the reuse of peat and pearlite substrates used in soilless crops
(Vandecasteele et al., 2020), the use of plastics derived from the agricul-
tural activity for the manufacture of other materials (Martínez-Urreaga
et al., 2020) and the implementation of collection and reuse
programmes of plastic containers of phytosanitary products and fertil-
izers (Aznar-Sánchez et al., 2020; Blanke, 2020). Documents are also
found that analyse the willingness of farmers to recycle agricultural
plastics and the necessary machinery (Galati et al., 2020; Pazienza and
De Lucia, 2020). According to these authors, younger and more edu-
cated farmers, who run smaller businesses, show a greater intention
to join plastics recycling programmes, guided by their attitudes, the
need to respond to social pressures and the ability to manage recycling
programmes. To improve the willingness to recycle plastics, farmers
need to be trained and sensitised.

With respect to organic waste, extensive research has been con-
ducted, particularly in terms of its use for different purposes. The energy
production is one of the outmost aspects in the literature review (Liu
et al., 2018; Palmieri et al., 2020; Torreiro et al., 2020). Different studies
propose biorefining processes inwhich various technologies are used to
produce fuels, energy, chemical products, food ingredients, or other bio-
materials jointly (Hubenov et al., 2020; Rekleitis et al., 2020; Qin et al.,
2021). Other studies have been conducted on the reuse of active com-
pounds in the pharmaceutical (Chiocchio et al., 2020) and cosmetic
(Plainfossé et al., 2019) industries. Other agricultural waste of corn,
rice, cotton, coffee and coconut crops have the proper characteristics
in order to be used in the building sector (Overturf et al., 2020;
Ricciardi et al., 2020). Furthermore, much of the organic waste is used
for agronomic purposes on the farm itself, either through the direct ap-
plication of the residues on the soil or the elaboration of organic fertil-
izer (Michalopoulos et al., 2020; Lu et al., 2020). Finally, some studies
analyse the application of organic waste originating from crops for ani-
mal feed, which constitutes one of the most common uses (Berbel and
Posadillo, 2018; Grimm andWösten, 2018; Ren et al., 2019).

Regarding CE, it is important to point out that priority should be
given to the reuse of the waste in the place where it is generated wher-
ever possible, that is, in the farm itself. This contributes to closing the
nutrient cycle, prevents leakages, minimises the exit of materials and
narrows the circle and avoids the use of transport. Furthermore, net-
work systems should be developed that connect nearby sectors in
order to maximise the exploitation of resources between different
links of a value chain. In this way, synergies are generated, material cir-
cles are closed and the need for transport and the environmental impact
are minimised. Furthermore, consumer perception about products
made from circular waste recovery models is not known. Studies have
been conducted on the perception of users regarding the use of biomass
for bioenergy production,with satisfactory results regarding the consid-
eration of biomass energy, its importance and responsibility, level of
awareness, knowledge and ecological approach (Bujdosó et al., 2012;
Timonen et al., 2021). A future line of work could replicate these studies
in reference to other uses of agricultural biomass.

As mentioned in the field preparation stage, in the waste manage-
ment stage the need for integrated systems under holistic approaches
for the coordination betweendifferent processes and production sectors
is of particular relevance. In this sense, the application of 4.5 and 5.0
technologies is capable not only of increasing production through the
computerisation of all crop-related information in real time and the
mechanisation of tasks through robotics, but is also capable of
interconnecting users to manage processes and circularise decision-
making (Contreras-Medina et al., 2022).

In addition to the positive environmental impact, through the differ-
ent improvement processes proposed, a series of economic and social
benefits are achieved. The transformation of production models
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towards circularity implies the development of new activities and new
business opportunities. In this way, the circularisation of agriculture
produces a synergetic effect on the economy as it stimulates the devel-
opment of newmaterials and products upstream, but also downstream,
as well as in other productive sectors (Aznar-Sánchez et al., 2020). This
effect could be seen as a multiplier effect of the circularity of the econ-
omy covering all related sectors, from ancillary industries to industries
in other sectors such as pharmaceuticals, construction or energy. From
a social perspective, the circularity of agricultural activity can have an
impact on improving food supply, in a context of severe disruption of
production systems due to the consequences of climate change
(Velasco-Muñoz et al., 2021). This also has an impact on improving
health and life expectancy. In addition, circular progress in agriculture
can generate a large number of jobs, especially in rural areas, providing
a boost to rural development and population fixation. This also has a
positive impact in terms of improved consumption choices of other
products, as well as medical and educational services, greater equity in
consumption and lifestyles.

Finally, it should be pointed out that although a rigorous procedure
has been used in carrying out this work, it is not without its limitations.
The first limitation is determined by the dynamics of scientific produc-
tion in the field of study. The large volume of scientific literature
makes it impossible to synthesise it completely in a single work, forcing
the selection of a representative sample. The determination of this sam-
ple implies the omission of part of the literature, which is a second lim-
itation of this work. Furthermore, this study has focused on a set of
variables to be analysed, both from a quantitative and qualitative per-
spective, omitting part of the information contained in the documents
analysed, which is the last limitation of this study. Despite these limita-
tions, the results of this work are sufficiently valid and representative.
4. Conclusion

In agriculture, the CE should start to be seen as an economic model
that is respectful of the environment, allowing emerging business and
employment opportunities while having a favourable impact on the
well-being of society. The research community needs to work to realise
this vision by sharing knowledge across countries and regions, and by
collaboratingwith all other stakeholders - governments, producer orga-
nisations, consumers, civil society and the private sector. Many studies
have been conducted on themanagement of biologicalmaterials, partic-
ularly focused on the reuse of primary waste. However, less attention
has been paid to the case of the technical materials used in agriculture
or the use of energy and fuels. In this sense, it is necessary to highlight
that research is often developed in a given context under specific char-
acteristics, making its generalised application difficult. Therefore, it is
essential to analyse the practical application of the most promising al-
ternatives in different legal, social and economic contexts. There are
many studies on the different aspects of the efficient management and
improved techniques in agriculture, always from a technical or agro-
nomic approach. However, this large volume of knowledge has not
been integrated in the circular approach, constituting another opportu-
nity to develop further research studies.

The circular alternatives developed to date are still not as effective as
those habitually used. For example, this is the case of the recycled or-
ganic fertilizer o the biodegradable mulching films. Moreover, the use
of certainmaterials and processes based on circularmodels such as bio-
materials usually have a high cost for the farmer. These factors are deci-
sive for the success of the adoption of circular alternatives in agriculture.
Therefore, it is necessary to obtain a greater level of knowledge regard-
ing the cost structure of the farms and the economic-financial feasibility
of the different initiatives throughout the different phases of the
process. In addition, it is necessary to examinemore thoroughly the per-
ceptions of the stakeholders with respect to the different circularmodel
alternatives. Finally, the public entities should be provided with
267
information in order to develop specific action plans with the objective
of promoting circularity in agricultural practices.
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