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Abstract: The Circular Economy (CE) is defined as a concept that replaces the end of life of a linear
productive process, based on new circular flows of reuse, which also allow for restoration together
with renewal in a composite process In this sense, it is considered as one of the key elements to
promote the decoupling that arises between economic growth and increasing resource consumption
in a new relationship. This study aims to investigate the progress, challenges, opportunities and
trends in the Circular Economy (CE) in agriculture in Ibero-America. To this end, a documentary
review was carried out to conceptualise the characteristics of the CE and the way in which it
has been implemented in Ibero-American countries such as Colombia, Brazil, Chile, Venezuela,
Costa Rica, Spain and Portugal. Additionally, a bibliometric analysis was carried out, based on
the “Scopus” and “Wos” databases, which facilitates the identification of the frequency of writings,
number of publications, topics related to CE, key words and authors, among other fundamental
criteria, to recognise the importance in the academic and business spheres. This study uses different
statistical programmes such as R-tool 4.3.2, R-Package 4.3.2, Bibliometrix 4.0.0, VOSviewer 1.6.18 and
Biblioshiny 4.0.0. The results show a growing trend towards the analysis of sustainability and CE
processes in agriculture.
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1. Introduction

Concern for the environment has led to the establishment of institutional frameworks
designed to mitigate the negative effects of the various productive activities of organisations.
This issue is particularly relevant for the agricultural and agro-industrial sectors, which play
a crucial role in the economy of countries and generate a significant amount of organic waste
(biomass). Therefore, it is important to highlight the need to manage them, which allows
the production of biogas that rural enterprises can take advantage of, thus contributing
to reduce their energy costs [1,2]. Furthermore, the implementation of the Sustainable
Development Goals (SDGs) represents a global effort to safeguard the environment, combat
climate change, eliminate poverty and ensure a high standard of living and well-being
for all. The next decade will be critical in setting the planet’s course and ensuring that
humanity can adapt to the challenges of climate change [3].

It is important to note that human activities negatively impact ecosystems and agri-
cultural production, and these effects are exacerbated by economic growth. In addition,
with the world’s population set to increase by an estimated 2 billion by 2050, there will
be an increased demand for phosphorus (P), an essential nutrient for all living things
and a key driver of eutrophication. To address these challenges in a sustainable way, it is
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crucial to manage the transition from an intensive agricultural model to one based on the
Circular Economy

Innovation has played a key role in precision agriculture, responding to population
growth, the need for quality food, waste reduction, food security and sustainability in
environmental resource management. Challenges include increasing the productivity of
cultivated land, managing the use of potable water—which is limited in many regions—
maintaining soil fertility and minimising waste through reuse and optimisation of resources.
In addition, operational and strategic management based on accurate data on planting,
harvesting and environmental conditions is required, objectives that are also aligned with
the Circular Economy. Therefore, the implementation of Industry 4.0 technologies in
agriculture is essential to address these challenges [4].

It is noteworthy that much of the thinking on social change has focused on linear
cause-and-effect relationships that can be managed to achieve predictable and often desir-
able changes. The environmental problems faced today, however, cannot be tackled with
this linear approach; they require an understanding of non-linear patterns of interdepen-
dencies and dynamic feedback loops at different levels within a system [5] in terms of the
environmental problems that we face today. Both modern industrialised and emerging
societies face complex and unstructured issues (such as healthcare, climate change, agri-
culture, energy and mobility) that demand the creation of long-term sustainable solution
strategies [6,7].

1.1. Background of Circular Economy

There is no absolute definition of CE; the Ellen MacArthur Foundation believes that
there are resources in the economy that can be harnessed. In other words, CE, moving away
from the linear concept, focuses on the protection and perseverance of this valorisation
of natural capital and the minimisation of waste, focusing on ‘closing the loop” along the
value chain, also opening up prospects for so-called Industrial Symbiosis [8,9].

CE is based on four principles: (a) mitigation of waste production and pollution;
(b) circulation of products and materials; (c) efficiency improvement; and (d) regeneration
of nature [10]. These principles underpin a transition to renewable energy and materials,
addressing those economic activities that involve strictly finite resource consumption. This
system is considered resilient and allows businesses, people and the environment to thrive.
In this sense, agriculture contributes to the circularity of the economy, not only through
the incorporation of such agricultural and forestry practices, but also through its potential
to close production cycles of other activities. Hence, the importance of integrating good
practices for the efficient use of resources (water, energy, soil, biodiversity) and the recovery
of waste/by-products [11].

Agricultural waste management is also an important CE practice, and there are some
practices and strategies that can be adopted. It is therefore based on the concept of waste
hierarchy. This approach integrates a set of methodologies, the main objective of which is
to reduce the production and disposal of waste and improve its traceability throughout the
production cycle [12,13].

In this sense, the concept of CE goes far beyond the focus on waste management and
recycling actions; it includes concepts related to restructuring/reinvention in each of the
processes, revising products and structuring business models, in order to optimise the
use of resources (by circulating more products, components and materials in the technical
media) and/or biological cycles. These measures enable companies to generate significant
economic savings [14].

Mirabella, Castellani and Sala indicate in their research that the increase in food waste
production is a scenario that directly and indirectly affects each and every country in the
world, due to the large amount of food that ends up as waste, generating environmental
and economic problems [15].

Irrational consumption and increasing levels of pollution have led some economies to
develop public and business policies to promote responsible production and consumption.
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Thus, CE aims to generate the development of activities that provide a better level of
utility to the inputs or resources used in the production process, reducing the footprint that
production leaves on the environment, favouring the achievement of economic and social
benefits [16,17].

Other authors such as Lamba, Kumar and Dhir consider that CE enables the economic
growth of organisations, improving the efficient use of resources and minimising the
consequences on the environment [18]. In turn, Patwa et al. state that CE allows people
to satisfy diverse needs, and therefore to respond to the growing demand in the markets,
leading to the use of processes that do not affect environmental conditions or people’s
quality of life [19,20].

Peng, Pivato and Diacono et al. indicate that in Europe, an inadequate exploitation of
natural resources is developing, affected by severe climate change, loss of biodiversity and
an increase in food waste, due to the growing world population. Hence, CE has led to a
redesign of production systems in order to innovate on the basis of existing agricultural
systems by promoting the recycling of agricultural waste, which requires innovation
research to bring about radical changes in lifestyle and resource use [21,22].

In recent years, authors such as Ghosh [23], Ghisellini [24], Lieder and Rashid [25],
Blomsma [26] and Sauvé et al. [27] conducted research to summarise and redefine the
concepts of CE. Other studies such as Murray et al. [28], Geisendorf et al. [29] and Korhonen
et al. [30] focused on its relation to sustainable development. Hence, two schools of thought
emerge that are starting points for CE as a concept and theory. The first is systems thinking,
and the second is social ecology (see Figure 1).
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Figure 1. Key Concepts. Own elaboration based on Yhdego (2021) [31].

The founder of general systems thinking is Von Bertalantiffy [32], who developed a
general systems theory in the fields of fortified sciences and was extended by Ashby [33] in
the field of cybernetics. Bertalantiffy considered that “a system is a complex of interacting
elements that are open to its environment and interact with it” [30]. It is an open system:
input and output models. These systems have influenced biology, ecology, complexity
science and economics, which are also associated with ecological economics.

Schools of thought use different concepts and words, but resource is the key concept
to manage it. Social ecology developed from human ecology, which was developed by
anthropology, geography and ecology (environmental history) [28], industrial ecology,
ecological economics and socio-ecological economics are part of the sustainable schools of
thought in which CE is framed and come from closed loop and design to redesign, which
includes low energy consumption, high efficiency and low emission of pollutants. CE
focuses on optimising systems rather than components and uses restorative methods, i.e.,
repairing by design damaged materials in the context of industrial production [31].

Thus, the evolution See Figure 2, of CE began in the early 1970s and was supported
by European countries. Germany aimed to solve the scarcity of natural resources and raw
materials by introducing the CE concept into its environmental policy. China promoted the



Sustainability 2024, 16, 11266

40f31

eco-industrial park model and later applied the concept of waste recycling for economic
growth. In the United States the CE concept does not originate from a single platform [34].
The main contributors that gave rise to the concept of CE are considered to be John Lyle,
an American professor, and his student William McDonough, Walter Stahel, an economist
and architect, and Michael Braungart, a German chemist. Conceptual frameworks were
contributed by Pearce and Turner [35].

China proraoted the eco- . - Agenda 2030
industrial park raodel Industrial symbiosis Policy; legislation, AI
1970 1990
CD evolved rainly in Europe Consolidationof the terma CE After 2015
(Pearce & Tumer)
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Figure 2. Timeline. Own elaboration based on [1].

Subsequently, many researchers introduced the concept with R-principles. Thus,
the concept of closed loop, R-principles (3R, 6R and 10R), industrial ecology approach,
industrial symbiosis structure, 3 principles, ReSOLVE model, cleaner and higher quality
production method, product-service system, environmental economy concept, biomimicry
concept, performance economy concept, eco-efficiency, cradle-to-cradle design, regenerative
design, environmental economics concept and others, focus on improving the circular flow
of biological and technical materials in the value circle, keeping all products, materials
and components at their highest value and consumption, while minimising waste [36]. see
Figure 3.
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Figure 3. R-principles applied to the circular economy. Own elaboration based on [1].

Digital technologies bring value to companies aiming for sustainability, especially for
start-ups that face more start-up challenges compared to large companies. These include
artificial intelligence, IoT, blockchain, big data and others.

Below in Table 1, we have for each country statistical data on waste recycling, energy
consumption, challenges and social, political and societal aspects.
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Table 1. Statistical data, challenges and social, political and economic scope.

Country Examples in Agriculture

Others

Challenges

Statistical Data

Social, Political and Economic Scope

An improvement in land productivity is seen, a
reduction in the use and consumption of
natural resources, additionally a variety of
commercial strategies and trade models are
incorporated, it is also incorporated through the
use of a manufacturing process of a recovered
material to replace a virgin material, on the
other hand, the use of organic fertiliser is
implemented as a natural fertiliser, the use of
cover crops these protect the soil from erosion,
a correct use of water is made by giving a
correct management of the same and a reuse of
waste is made for behavior and recycling.

Colombia

The circular economy to reduce, reuse,
recycle, repair and renew, this aims to
take advantage of the wealth of
natural resources, through the
production of renewable energy,
sustainable agriculture and the
circular industry, along with it, it is
evident that the young population has
the availability and is aware enough
to adopt sustainability and is more
willing to adopt circular practices.
Economic growth has increased more
than 50% in the last 10 years, these
resources can be invested or directed
to invest in the circular economy, that
is why, having a committed
government allows to establish
guidelines and different policies,
opening doors to innovation.

Implementing good practices, using
organic technology packages, efficient
irrigation for agriculture, efficient
composting and logistics processes,
reducing the use of agrochemicals,
replacing them with more organic
elements that are frequently used,
improving land productivity.
Additionally, we must continue
working on issues such as raising
awareness in society, creating
infrastructure for the production and
use of circular products and materials,
and encouraging these changes to
happen and for people and companies
to actively participate in these
changes and new challenges.

The circular economy has impacted
different factors, and these have been
measured and monitored in order to
promote its adoption. In its progress
we see that it serves as a guide for the
government. In solid waste recycling,
Colombia managed to recycle 17% in
2023, it seeks to reduce 20% of plastic
waste in the short-term starting in July
2024, the change in technologies seeks

to use 25% of the material by 2025,
and 12% of industrial companies have
already incorporated this economy.

Social Scope: The circular economy promotes social
inclusion through the formalization of recyclers and
with the collaboration of the creation of green jobs.
In 2023, more than 60,000 recyclers were able to
benefit from labor inclusion policies, the country
placed them in a value chain and formalized and
improved their working conditions, in addition to
the implementation of environmental education in
communities to raise awareness about recycling and
responsible consumption. Political Scope: Colombia
is moving towards the circular economy, which is
why public policies and strategic plans were
established, such as the national circular economy
policy that was launched in 2019 and is still in force.
It was in hand with the Sustainable Development
Goals and its consumption and production goals are
led by the international circular economy
commission, maintaining an extensive regulatory
framework. Economic Scope: On the economic level,
the transition towards a circular model collaborates
with the administration of resources and this leads
to a reduction of costs in the different sectors. It is
estimated that the country will achieve a saving of
30% in operating costs, and with the help of the use
of recycled materials and the reduction of waste, the
costs will drop considerably. Additionally, this
process generates more than 500,000 green jobs,
which makes economic growth more sustainable.




Sustainability 2024, 16, 11266

6 of 31

Table 1. Cont.

Country

Examples in Agriculture

Others

Challenges

Statistical Data

Social, Political and Economic Scope

Brazil

Currently, the circular economy is being
managed in the following way: Regenerative
agriculture: Regenerative agriculture is a
system that is being used for agricultural
production which is in search of the restoration
and health of soil, water and biodiversity. This
agricultural practice has the objective to, and
achieves, a reduction in soil erosion, improve
water quality and increase biodiversity. Some
examples of regenerative agriculture in Brazil
include the use of organic fertilisers, crop
rotation and cover crops. Water recirculation:
Water recirculation is used to reuse water for
irrigation, among others, so that the demand for
fresh water is reduced, and it also helps prevent
water pollution. Some examples of water
recirculation in Brazil include the use of drip
irrigation systems and rainwater capture. Waste
recycling: Waste recycling is the practice of
converting waste into new products. This
process helps to reduce the amount of waste
that goes to landfills and conserve natural
resources. Some examples of waste recycling in
Brazil include composting of organic waste and
plastic recovery. Local food production: This
practice focuses on growing and producing
food in the same region where it is consumed.
On the other hand, it helps reduce greenhouse
gas emissions and promote the local economy.
Some examples of local food production in
Brazil include urban agriculture and
family farming.

The Brazilian government is investing
in infrastructure to actively support
the circular economy. For example,
the government is building new
composting plants and recycling
centres that can be used by everyone,
so that the change in thinking in
society is through example and not
just words and advertising. However,
the entire country is moving towards
this significant change, and Brazilian
companies are developing new
technologies and processes to support
the circular economy, as can be seen in
some companies that are developing
new biodegradable materials and
more efficient recycling processes.
Additionally, non-profit organisations
are working to educate the public
about the benefits of the circular
economy, through events and
campaigns to promote awareness
about the circular economy.

Changes need to be made to the
infrastructure because Brazil needs to
develop a more robust infrastructure

to support the circular economy, as
well as being adaptable for recycling,
composting and water recirculation.
Additionally, high costs need to be
managed because the circular
economy can be more expensive than
the linear or usual production and
consumption model managed by the
country, so governments and
companies need to find ways to
reduce the costs of the circular
economy to make it more accessible.
On the other hand, although the new
generations are more open to change,
there is resistance to change, so
governments and companies need to
educate the public about the benefits
of the circular economy to promote
its adoption.

Their measurement and monitoring
systems are still in development,
however, they cover a wide range of
sectors, so they do not allow us to

collect coherent and comparable data.

Additionally, they are not
standardized, but the government
launched the National Circular
Economy Strategy (ENEC) in June to
promote efficient use, seeking to
reduce dependence on resources, but
it should be noted that Brazil’s most
relevant objectives are to reduce waste
and preserve the value of materials,
promote innovation in production
processes and create a regulatory
environment that favours the
circular economy.

Social Sphere: In Brazil, green jobs were also
generated and recyclers were included in the
production chain. Programmes were created here to
formalize recyclers and they collaborated especially
in urban areas. In addition, citizen awareness has
been created about the importance of recycling and
waste reduction. Political Sphere: The Government
of Brazil is committed to the circular economy,
which is why it established a national solid waste
policy and the National Action Plan for the circular
economy. Both policies have the Sustainable
Development Goals hand in hand and seek to
promote sustainability in absolutely all economic
sectors. On the other hand, it is carried out in the
immersion of tax incentives and regulations were
implemented that contribute to the adoption of
circular practices in the different industries.
Economic Scope: Economically speaking, there has
been a positive impact in different sectors because
the transition to a circular model has been evident
and has been adapted in the best way, this has
contributed to significant savings for companies and
it is estimated that more than 30% of large
companies in Brazil have already incorporated the
circular economy in their operations, which not only
lowers the country’s costs but also those of
companies and increases productive efficiency, being
more sustainable for future generations.




Sustainability 2024, 16, 11266

7 of 31

Table 1. Cont.

Country Examples in Agriculture

Others

Challenges

Statistical Data

Social, Political and Economic Scope

Chilean company Triciclo and several other
companies are developing a new type of
biodegradable plastic made from agricultural
waste. This plastic can be used to make food
containers, hygiene products, and other
products. Chilean company Huertos Urbanos is
building urban gardens in Chilean cities. Some
of these gardens use regenerative agriculture
techniques to grow food sustainably. Chilean
company Regenera is developing a new type of
organic fertiliser made from food waste. This
fertiliser can be used to improve soil health and
increase agricultural production.

Chili

In the agricultural sector, regenerative
agriculture practices are being created,
which aim to restore and maintain the
health of soil, water, and biodiversity.
These practices include the use of
organic fertilisers, crop rotation, and
cover crops. In the industrial sector,
more efficient and sustainable
production processes have been
implemented, which significantly
reduce the use of natural resources
and the generation of waste. These
processes include the use of recycled
materials, the optimisation of
production processes, and the
reduction of waste. In the construction
sector, more sustainable materials are
being used, such as wood, recycled
concrete, and low-impact construction
materials. In the waste sector, work is
being done to increase the recycling
rate and decrease the amount of waste
going to landfills.

The low recycling rate: Chile has a
recycling rate of only 15%. This means
that most of the waste generated in
Chile ends up in landfills or
incinerators, which pollutes the
environment, which is why work
needs to be done on this. The lack of
incentives for the circular economy: In
Chile, there are no economic
incentives for businesses and
consumers to adopt circular economy
practices. This makes it harder for
these stakeholders to switch to more
sustainable models. The lack of
knowledge about the circular
economy is vital, as many people in
Chile are not familiar with the benefits
of the circular economy. This makes it
difficult to promote this model and
its adoption.

In Chile I will continue working on
recycling so as to increase the
recycling rate to 75% by 2040. For now,
progress has been made in sectors
such as plastics and cinematographic
packaging. Additionally, the goal is to
reduce waste generation by 25% by
2040, focusing on the elimination of
micro-dumps. By 2030, it was
expected to eliminate 50% of
micro-dumps and by 2040, 90%. On
the other hand, we want to increase
materials productivity so that in 1997
it increased to 22%, but it is still one of
the countries with the lowest
materials productivity in the OECD.
Finally, the creation of 180,000 jobs is
expected by 2040 in order to
incorporate new business models and
clean technologies.

Social Sphere: Chile has a programme of cultural
changes to raise environmental awareness among
citizens, an extended responsibility law for the
producer sector is significantly involved in recycling,
so that the door-to-door collection of containers and
packaging has reached 48 common ones, benefiting
4.0 million people. Political Sphere: The Chilean
Government has a roadmap on which the circular
economy is based, which has long-term goals until
2040, in order for the recycling rate to go from 21%
to 75% by that year, and which continued from
regulatory frameworks to improve the management
of these wastes. Economic Sphere: In the economic
sphere, the circular economy is in full
transformation in order to optimise resources such
as water and recyclable materials, in addition to
incorporating new technologies that minimise waste,
achieving a reduction in the environmental footprint
and growing opportunities for innovative ideas and
the opportunity to enter new business models based
on sustainability.

The Ministry of Agriculture, Fisheries and Food
(MAPA) is developing research on sustainable
agricultural practices, and the National Institute
of Agricultural and Food Research and
Technology (INIA) is developing new
technologies to support circular agriculture.
The reduction in the use of natural resources
such as water, land and energy would
contribute significantly because it makes
agricultural practices more efficient, such as
crop rotation and the use of organic fertilisers
and collaborates with the environment, in the
same way that it would be recovering and
reusing waste, for example by composting
organic waste, recovering plastics and other
recyclable materials, and using waste as a
source of energy, together with the production
of food in a sustainable way that takes care of
both the environment and human health.

Spain

The Spanish government has
developed a plan that focuses on
reducing the amount of plastic waste
going to landfills by calling for a ban
on single-use plastics and promoting
plastic recycling. The Spanish
company Agrobotanica is working on
an organic fertiliser made from
agricultural waste that improves soil
health and increases agricultural
production. The Spanish company
Recicla Espafia is recovering plastic
waste to make new products. The
Spanish company Huertos Urbanos is
building urban gardens in cities across
Spain. These gardens use regenerative
agriculture techniques to grow
food sustainably.

The Spanish government has
developed a Spanish Circular
Economy Strategy, which sets out the
objectives and guidelines for the
development of this model in the
country. The strategy includes
measures to promote the reduction,
reuse and recycling of waste, as well
as innovation and technological
development to support the circular
economy. It is also investing in
infrastructure that supports and
positively contributes to the circular
economy, such as recycling plants,
composting centres and water
recirculation systems.

The recycling rate in Spain is 50% for
plastic packaging waste, this places it
in fourth place at European level,
however in the agricultural sector the
rate is 49% and when it comes to
construction it managed to reach 40%,
being the leader in Europe, Spain
manages to recycle more than one
million tons of plastic waste, which
makes its recycling rate at 38%, but it
is difficult when it depends on
landfills, since despite the measures it
still has 39% of waste deposited in
landfills and has 25% that exceeds the
European average, therefore, despite
these advances, it is essential to
increase efforts to implement the
circular economy at local and regional
levels and to know the resource cycles
to achieve long-term objectives.

Social Sphere: Spain has focused its circular
economy on a cultural change to encourage more
responsible consumption and waste reduction.
Citizens have actively participated by getting
significantly involved and participating in Spanish
circular economy strategies. In this way, awareness
regarding sustainability was worked on, thus
promoting environmental education and the
commitment of citizens. This also contributes to
green jobs and supports relevant sectors. Political
Sphere: The Government of Spain promoted the
circular economy through the law on waste and
contaminated soils because it seeks to make a
significant change, which is why it was accompanied
by the action plan for the circular economy 2021 and
2023, which is being extended until 2024, thus
establishing specific measures to achieve the
objectives that the country seeks and that are aligned
with the European Union. Spain has worked hard
on product management. Economic Scope: The
circular economy contributes to and encourages the
creation of new business opportunities, which
generates more employment and optimises
resources in different sectors. These new circular
models contribute more than EUR 3 billion to the
GDP. Today, tourism and energy are also making a
change to not depend on non-renewable resources.
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Country

Examples in Agriculture

Others

Challenges

Statistical Data

Social, Political and Economic Scope

Portugal

The Ministry of Agriculture and Rural
Development (MADR) is developing research
into sustainable agricultural practices, and the

National Institute of Agricultural and Food
Research and Technology (INIA) is developing
new technologies to support circular
agriculture. The use of drones for agricultural
monitoring: They are monitored from the air,
which can help to quickly identify problems
early and take corrective action. This can help
reduce the use of pesticides and chemical
fertilisers, which can have a negative impact on
the environment. The use of sensors for
irrigation management: Sensors can be used to
measure soil moisture and air temperature,
which can help farmers irrigate their crops
more quickly and efficiently. This can help
reduce water use, since it uses only what is
necessary, which is an increasingly scarce
resource. The use of bioplastics for food
packaging: Bioplastics are plastics made from

renewable materials, such as corn or sugar cane.

These plastics biodegrade in the environment,
reducing the amount of plastic waste going
to landfills.

Including the circular economy in
public policy: The Portuguese
government has developed a National
Circular Economy Strategy, which sets
out the objectives and guidelines for
the development of this model in the
country. The strategy includes
measures to promote waste reduction,
reuse and recycling, as well as
innovation and technological
development to support the circular
economy. Agricultural Waste
Management: Solutions are being
developed for the sustainable
management of agricultural waste,
such as crop and pruning residues.
These materials can be used for the
production of biomass, biogas or even
green building materials. Technology
for Crop Management: The adoption
of advanced agricultural technology,
such as precise crop monitoring and
management, allows for more efficient
use of resources, such as water and
nutrients, reducing waste and
improving productivity. Reuse of
Irrigation Water: Some regions in
Portugal are implementing
wastewater collection and treatment
systems for reuse in agriculture,
helping to conserve water resources.

Changes need to be made to the
infrastructure because Brazil needs to
develop a more robust infrastructure

to support the circular economy, as
well as being adaptable for recycling,
composting and water recirculation.
Additionally, high costs need to be
managed because the circular
economy can be more expensive than
the linear or usual production and
consumption model managed by the
country, so governments and
companies need to find ways to
reduce the costs of the circular
economy to make it more accessible.
On the other hand, although the new
generations are more open to change,
there is resistance to change, so
governments and companies need to
educate the public about the benefits
of the circular economy to promote
its adoption.

In 2024, Portugal implemented the
circular economy despite the
challenges and its circularity rate is
2.5%, which measures recycled
materials that re-enter the production
system. However, the main areas in
which it is investing are renewable
energy, the reduction of raw materials
and waste management. By 2023, the
industry has invested EUR 600 million
in innovation, but despite the
initiatives, progress has been slow
because there are no resources and
technical knowledge, but despite this,
policies are promoted to encourage
the use of recycled materials and
prolong the useful life
of products.

Social Scope: Portugal focuses on public awareness
and citizen participation, it incorporates campaigns
in which it involves citizens in a way that wants to
raise awareness, in addition, community initiatives
such as the Zero Waste movement that promotes the
reduction of waste and encourages the responsible
use of resources, in this same way green jobs are
generated. Political Scope: Portugal strengthens its
regulatory framework to accelerate the circular
economy in 2024 using the action plan for the
circular economy that is hand in hand with the
policies established in the European Union, the
legislation aims for there to be extended producer
responsibility and the creation of tax incentives.
Economic Scope: The circular economy contributes
significantly to the sustainable growth of Portugal,
as it promoted efficiency in the use of resources,
reduced costs and collaborated with the
competitiveness of the country and companies,
which is why new business opportunities will open,
innovation was boosted and it is projected that green
jobs will be generated that will contribute to our
GDP, there will be economic development.
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Table 1. Cont.

Country

Examples in Agriculture

Others

Challenges

Statistical Data

Social, Political and Economic Scope

Costa Rica

Organic Waste Recycling: Instead of simply
throwing away organic waste, such as crop
residues, fruit and vegetable peels, they can be
used to produce high-quality compost. This
compost is used to improve soil fertility, thus
reducing the need for chemical fertilisers.
Vertical Farming and Green Roofs: In urban
areas of Costa Rica, different vertical farming
systems are being added to buildings and green
roofs. These systems allow for the cultivation of
food in small spaces and use efficient irrigation
systems, contributing to the reduction of the
ecological footprint and the distance of food
transportation. Use of Solar Energy:
Agriculture is an energy-intensive activity;
however, daily in Costa Rica several farmers are
using solar panels to generate clean and
sustainable energy. This reduces the
dependence on fossil fuels and energy costs.
Cultivation of Native Fruit Trees: Instead of
depending on imported fruit varieties, some
farmers are promoting the cultivation and
consumption of native fruits. Not only does this
promote biodiversity, it also reduces the carbon
footprint associated with food transportation.

Agroforestry Systems: Implementing
agroforestry systems achieves a blend
of agriculture and reforestation. This
not only helps conserve biodiversity
and water resources, but can also
provide additional income through
the sale of wood and other forest
products. Short Supply Chain:
Encouraging the direct sale of
agricultural products through local
markets or community agriculture
programmes reduces the need for
packaging and long-distance
transportation, thereby decreasing
waste and carbon footprint. Reusing
Irrigation Water: Some agricultural
farms in Costa Rica have added
wastewater collection and treatment
systems to their irrigation process for
reuse in irrigation. This helps
conserve water resources and reduces
pollution. Rainwater Harvesting:
Rainwater collection and storage is
being used in agriculture to reduce
dependence on non-renewable water
sources and reduce irrigation costs.

Implementing the circular economy in
Costa Rica faces several challenges
such as Coordination and
Collaboration: The circular economy
often requires greater collaboration
between different stakeholders, such
as businesses, governments, NGOs
and civil society. Coordinating these
efforts can be challenging. Technology
and Training: The correct coupling of
technologies and circular practices
requires training and skills
development. Ensuring that people
are trained to work in a circular
environment is essential. Life Cycle
Assessment: Assessing the life cycle of
products and processes is crucial to
making informed decisions about
circularity. This requires access to
appropriate data and tools. Sectoral
Challenges: Each sector of the
economy may face specific challenges
for the implementation of the circular
economy. For example, agriculture
may need to address agricultural
waste management issues.

Costa Rica has made progress in the
implementation of the circular
economy through the National

Circular Economy Strategy (ENEC).

This country focuses on sustainable

economic growth with the idea of
creating green jobs and improving
business competitiveness today by
avoiding the consumption of products
with a high environmental impact.
Waste reduction promotes greater
recycling and reuse of materials.
Costa Rica does not have a specific list
to give us statistical data, however,
Costa Rica is positioned as a
benchmark in Latin America in the
proper adaptation of the circular
economy, focusing on innovation and
talking about long-term sustainability.

Social Area: In this area, we work by involving
citizens in sustainable practices, carrying out
campaigns and collaborating with environmental
education, we also incorporate programmes in
communities that explain and promote the reuse
and recycling of materials, in addition, it
collaborates with social inclusion where we make all
citizens participate and improve some working
conditions through green jobs. Political Area: Costa
Rica is committed to the circular economy and the
other national circular economy strategy that goes
hand in hand with the Sustainable Development
Goals here in the waste regime and for 2024 the
government has been working on how to implement
these policies and encourage innovation. Economic
Area: The economic area optimises the use of
resources and improved productive efficiency. It is
estimated that it contributes to sustainable economic
growth and the creation of new jobs in the country
thanks to the reduction of operating costs and the
increase in the competitiveness of companies
compared to the rest of the world.

Ecuador

Organic Waste Recycling: Farmers in Ecuador
are using organic waste, such as crop residues
and food waste, to produce high-quality
compost. This compost is used to improve soil
fertility and reduce reliance on chemical
fertilisers. Organic Farming: Adopting
eco-friendly farming practices, such as organic
farming and agroecology, promotes circularity
by minimising the use of synthetic chemicals
and focusing on soil health and biodiversity.
Agroforestry: Agroforestry combines
agricultural crops with trees and shrubs, which
not only increases product diversity but also
improves soil conservation and carbon
sequestration, contributing to the fight against
climate change.

Integrated Pest and Waste
Management: Applying integrated
pest and waste management (IPM)
methods promotes sustainability by
minimising pesticide use and
maximising efficiency in agricultural
waste management. Renewable
Energy Production: Some farmers in
Ecuador are adopting solar energy
systems to power their operations,
reducing dependence on fossil fuels
and energy costs. Recycling of
Agricultural Materials: The reuse of
agricultural materials, such as
packaging and equipment, is being
promoted in Ecuadorian agriculture.
This reduces the need to manufacture
new products and decreases
waste generation.

Implementing the circular economy in
Ecuador presents challenges such as
Awareness and Education: One of the
main challenges is the lack of
awareness and education on the
principles of the circular economy.
Significant effort is needed to educate
the population, businesses and
farmers on how the circular economy
works and how they can contribute.
Investment and Financing:
Implementing circular technologies
and practices often requires significant
investments. The availability of
financing and resources to support
these initiatives is a major challenge,
especially for small businesses and
farmers. Infrastructure: The lack of
adequate infrastructure for waste
management, recycling and reuse is a
challenge in Costa Rica. Investment is
needed in recycling and composting
facilities, as well as more advanced
waste management systems.

Ecuador created the national strategy
for inclusive circular economy
(ENECI) this strategy is focused on
reducing waste, reusing materials and
promoting environmental, social and
economic sustainability in different
sectors, but there are 12 priority
sectors, there we can find agriculture,
construction, waste management and
agroindustry, the objective of the
strategy is to reduce the ecological
footprint and collaborate with the
efficiency of companies, because the
idea is that sustainable public
purchases can generate operational
savings of up to USD 96 million and
that greenhouse gases are minimised
by 40%. It also has a platform called
Ecuador Circular that collaborates
with the interconnection between
actors in the private and
public sectors.

Social Scope: Ecuador promotes environmental
awareness among citizens through different
educational campaigns and the growing awareness
programmes, this is an important focus to formalize
and incorporate all citizens in this process, such as
recyclers, whose working conditions are improved,
and an incentive was created for this participation.
Political Scope: The national circular economy
strategy transforms the country’s economic model
and collaborates with the process of waste reduction
and the promotion of the reuse of each of the
materials, the government is working on developing
regulatory frameworks and creating incentives for
companies so that they adopt sustainable practices.
Economic Scope: The circular economy translates
into operational savings and collaborates with the
efficiency of the use of resources, precisely in the
recycling industry and sustainable production, in
addition, in the agricultural sector, regenerative
agriculture practices are promoted in order to
improve food security, everything impacts our skin
and collaborates with the creation of new jobs.
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Social, Political and Economic Scope

Savior

Precision Farming Technologies: Precision
farming uses advanced technologies, such as
remote sensors, GPS, and drones, to monitor

and manage crops more efficiently. This allows
for more precise application of fertilisers and
pesticides, reducing waste and costs.
Blockchain in the Agricultural Supply Chain:
Blockchain technology can be used to track and
verify the agricultural supply chain, allowing
for transparency and reliability of food.
Consumers can access detailed information
about the provenance of products. Vertical

Farming and Shipping Containers: Vertical

farming, which involves growing food on

stacked shelves in controlled environments, and
converting shipping containers into farms,
allows food to be grown in tight spaces and
growing conditions to be closely controlled.

Biotechnology and Genetic Improvement:
Agricultural biotechnology can play a role in
creating crops that are resistant to pests and
diseases, reducing the need for pesticides and

increasing productivity.

Advanced Water Recycling Systems:
Implementing advanced water
recycling systems enables efficient
management of water resources in
agriculture, reducing reliance on
non-renewable water sources. 3D
Printing in Agriculture: 3D printing is
frequently used to create custom parts
and components for agricultural
equipment, making it easier to repair
and maintain machinery and
extending its useful life. Bioenergy
and Biogas: Producing bioenergy and
biogas from agricultural and organic
waste helps harness renewable energy
and reduce environmental pollution.
Artificial Intelligence (AI) Integration:
Al can be used to analyze agricultural
data, helping to make more informed
decisions about farming, soil
management, and logistics. Circular
Economy in Packaging: Reusing and
designing circular agricultural
packaging is important to reduce
waste generation and minimise
environmental impact. The
implementation of these new elements
in El Salvador’s agriculture can boost
the efficiency, sustainability and
resilience of the agricultural sector,
thus contributing to a more advanced
circular economy in the country.

Cultural and Behavioral Change:
Changing the thinking of society and
companies towards a more circular
model can take time. It is important to
promote a culture of sustainability
and environmental responsibility.
Technology and Training: Adopting
circular technologies and practices
may require training and skills
development. It is necessary to ensure
that people are trained to work in a
circular environment. Management of
Chemicals and Hazardous Substances:
Safe management of chemicals and
hazardous substances is a challenge in
the circular economy. Adequate
measures must be implemented to
avoid contamination and health risks.
Fragmented Economy: El Salvador
has a diverse economy, and each
sector may have specific challenges
for the implementation of the circular
economy. Each sector must address its
particularities to move
towards circularity.

In 2024, El Salvador has adapted
sustainable techniques that promote
circularity, it tries to work with
recycled materials and alternative
technologies, but the regulation and
financing of the Ministry of Public
Policies do not collaborate to be able
to implement the circular economy
more broadly. In the study carried out
in the region, 98% of the people who
participated for the water and
sanitation sector agreed that the
circular economy is an important step
that must be managed to advance
sustainably with water resources, also
58% point out the lack of laws and
policies that collaborate with the
promotion of these circular
technologies in the countries, at a
national level the government works
with different gaps and productive
processes under the principles
of circularity.

Social Scope: It is necessary to expand awareness
about the circular economy in the Salvadoran
population, all through community initiatives,

campaigns, formal education and sustainability, all
with the aim of integrating all people to recognise
their contribution to the environment, and to be able
to have responsible consumption and reduce waste
generation. Political Scope: The Government of El
Salvador establishes a regulatory framework for the
implementation of the circular economy and
although it is in its early stages of development, the
law promotes extended producer responsibility and
waste management regulation, lacking a strong and
sustained political commitment. On the other hand,
collaboration with international and local
organisations is promoted. Economic Scope: The
circular model in the construction and agriculture
sectors generates savings and efficiency, but the
country faces limitations in terms of resources and
financing, making it difficult to implement the
circular economy. However, companies collaborate
with the adoption of more sustainable models, and
promote new business opportunities as well as
job creation.
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1.2. Development of the Circular Economy in Ibero-America

This research analyses the development of CE practices in agriculture in seven Latin
American countries: Colombia, Brazil, Chile, Venezuela, Costa Rica, Spain and Portugal,
which have developed a series of government policies aimed at improving conditions that
favour people’s quality of life and at the same time ensure the good use of resources.

Thus, in Colombia, for example, the EC strategy began in May 2020 from the logic of
production through conservation, which favoured the percentage increase in the recycling
rate and the appropriate use of solid waste to reduce greenhouse gases by 2030, i.e., it
is a commitment of the national government in which the current development model
is rethought, through the collaboration of companies, public and private institutions,
community, state and NGOs, among others.

In Brazil, CE is related to Corporate Social Responsibility (CSR). Its growing develop-
ment has led to an increase in the use of raw materials and the generation of construction
and demolition waste. These processes have negative environmental effects, which has led
to the articulation of measures to ensure the safe use of resources.

The case of Chile has shown efficient results in the management of production factors.
Thus, the CE is the process that minimises the environmental impact of products, services
and processes, all with the aim of eliminating waste and pollution through intelligent
design that can be used by all. The Circular Economy roadmap was also established, in
which the Ministry of Environment with the help of the Ministry of Economy, CORFO and
the Agency for Sustainability and Climate Change established agreements to control the
demand for raw materials, production operations, resource scarcity, consumption habits,
environmental degradation and the extension of the life cycle of materials, so as to have a
linear development model that facilitates economic growth.

Venezuela incorporates CE elements as an alternative and solution to the existing
linear model, so that it is developed throughout the useful life of goods and services by
applying design criteria. Business models and entrepreneurial activities are promoted and
encouraged to provide solidity, and to take into account external factors, both negative and
positive, while maintaining institutional transparency and the efficiency of each process.

The legal framework in which the measures established by the countries under study
converge and which facilitate the development of CE in agriculture is presented below. It
also lists the institutions that generate articulation between actors and markets, some cases
of applicability in the agricultural sector and the challenges that they face.

1.2.1. Colombia

In Colombia there is a legal framework that has different laws that highlight the impor-
tance of the Circular Economy, which is why it is in charge of promoting and encouraging
the efficiency of new systems, through the CE, it is here where the productive system fo-
cused on the industrial field is motivated, this economy has for a concept “Green Economy,
industrial ecology, cradle-to-cradle design, [...] performance, biomimetics, eco-efficiency,
resilience science, natural capitalism and cleaner production” [30,37]. The different laws
that we can evidence are:

Law 1819 of 2016, which approves the National Development Plan 2014-2018. This
law is guided by the Pact for Sustainability, which aims to accelerate the transition to a
Circular Economy model [38].

Law 1930 of 2018, which establishes the National Policy for Integrated Solid Waste
Management, sets out the guidelines for integrated solid waste management, including the
promotion of the Circular Economy [39].

Law 2232 of 2022, which amends the 2016 law, establishes new goals for the correct
integrated management of solid waste, including the reduction of single-use plastic waste
generation [40].

The National Development Plan 2020-2024, Pact for Colombia, Pact for Equity, un-
veils the Pact for the Circular Economy, which promotes innovation in production and
consumption processes to reduce environmental impact [41].
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The Circular Economy has had a positive impact in Colombia by improving land
productivity and reducing the consumption of natural resources. This model promotes the
reuse of recovered materials, instead of using virgin raw materials, which reduces pressure
on resources. It also encourages the incorporation of new business strategies and business
models based on sustainability, such as reuse, recycling and product redesign. This not
only reduces environmental impact, but can also generate economic benefits by optimising
manufacturing processes and reducing costs [42].

It is worth noting that Colombia promotes investment in new businesses, for which
a committed government is needed to establish guidelines and policies that promote
innovation, good practices, the use of organic technology packages, efficient irrigation
for agriculture, efficient processes for composting and logistics, a decrease in the use of
agrochemicals and the substitution of frequently used elements that are more organic. In
addition, it is necessary to continue working on raising awareness in society, creating infras-
tructures for the production and use of circular products and materials and encouraging
these changes to happen and people together with companies to actively participate in
these changes and new challenges.

1.2.2. Brazil

The legal framework of the Circular Economy in Brazil is made up of a set of regula-
tions and public policies that seek to promote the transition towards a more sustainable
production and consumption model.

e Law 12.305 of 2010, which establishes the National Solid Waste Policy in which inte-
grated solid waste management can be carried out [43].

e Law 13.465 of 2017, which amends Law 12.305 of 2010. This law establishes new goals
for the integrated management of solid waste, focusing on reducing the generation of
single-use plastic waste [44].

e Law 14.133 of 2021, which establishes the Public Procurement Law. This law has
sustainability criteria for public procurement, including the promotion of the Circular
Economy [45].

The entities promoting the Circular Economy in Brazil for its early immersion are
the Ministry of Environment (MMA), Brazilian Agency for Industrial Innovation (ABDI),
Business Council for Sustainable Development (CEBDS), Ethos Institute, Ellen MacArthur
Foundation, Brazilian Network of Circular Economy (RBEC), Getulio Vargas Foundation
(FGV), Federal University of Sao Carlos (UFSCar), Sao Paulo Institute of Technology (ITA),
Brazilian Institute of Consumer Defence (Idec), Brazilian Alliance for Recycling (ABR),
National Agency of Technical Standards (ABR), National Agency of Technical Standards
(ITA), Brazilian Institute of Consumer Defence (Idec), Brazilian Institute for Consumer
Protection (Idec), Brazilian Alliance for Recycling (ABR), Instituto de Tecnologia de Sao
Paulo (ITA), Instituto Brasileiro de Defesa do Consumidor (Idec), Alianca Brasileira pela
Reciclagem (ABR), Agencia Nacional de Normas Técnicas (ABNT), Instituto Brasileiro
de Meio Ambiente e Recursos Naturais Renovaveis (Ibama), Conselho Nacional do Meio
Ambiente (Conama), Ministério da Economia (ME), Secretaria de Comércio Exterior (Secex)
and Secretaria de Vigilancia e Comércio Exterior (SVS).

The Circular Economy is currently being developed in Brazil through regenerative
agriculture, which is a system that is being used in production for the care and recovery of
soil, water and biodiversity. This agricultural practice aims to reduce soil erosion, improve
water quality and increase biodiversity. Examples of regenerative agriculture in Brazil
include the use of organic fertilisers, crop rotation and cover cropping.

e  Water recirculation: Water recirculation is used to reuse water for irrigation, among
others, so that freshwater demand is reduced, and also helps prevent water pollution.
Examples of water recirculation in Brazil include the use of drip irrigation systems
and rainwater harvesting.
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e  Waste recycling: Waste recycling is the practice of converting waste into new products.
This process helps to reduce the amount of waste going to landfills and to conserve
natural resources. Examples of waste recycling in Brazil include composting of organic
waste and recovery of plastics.

e  Local food production: This practice focuses on growing and producing food in the
same region where it is consumed. It also helps to reduce greenhouse gas emissions
and promote the local economy. Examples of local food production in Brazil include
urban agriculture and family farming.

The Brazilian government is investing in infrastructure to actively support the Circular
Economy. For example, it is building new composting plants and recycling centres that can
be used by everyone, so that the change in thinking in society is by example and not just by
words and advertising.

It is worth noting that Brazilian companies are developing new technologies and
processes to support the Circular Economy, as evidenced by some companies developing
new biodegradable materials and more efficient recycling processes. Additionally, non-
profit organisations are working to educate the public about the benefits of the Circular
Economy through events and campaigns. Despite this, there are challenges that need to
be addressed, such as developing a more robust, adaptable infrastructure for recycling,
composting and water recirculation. Additionally, high costs need to be managed, as CE
can be more expensive than the linear or usual production and consumption model used.

On the other hand, although new generations are more open to change, there is
resistance to change, and governments and businesses must educate the public about the
benefits of the Circular Economy to promote its adoption.

Brazil is recognised as one of the largest emerging economies and is rich in biodiversity.
The country has taken significant steps in the direction of the Circular Economy; advances
have been seen in the potential of bioeconomy where biofuels, biomaterials and other
sustainable products are produced. On the other hand, politics has played an important
role because the recognition of the new model has implemented relevant policies and
programmes. Additionally, the industrial sector diversified in agricultural, forestry and
food sectors, and the active civil society has contributed in their success stories, making
local initiatives indispensable. They continue to face challenges, but their progress has
been significant.

1.2.3. Chile

The legal framework for the Circular Economy in Chile is constantly developing, and
the following laws have been established for this purpose.

e Law 20.920, which establishes the framework for Waste Management, Extended Pro-
ducer Responsibility and the Promotion of Recycling. This law provides for integrated
waste management [46].

e Law 21.314, which defines the Climate Change Law, obliges public and private compa-
nies to reduce their greenhouse gas emissions [47].

e  The National Circular Economy Policy (PNEC) and the National Development Plan
2020-2023, Chile Verde, establish different plans with the Pact for the Circular Economy.

The companies that contribute or collaborate with the correct immersion of the Circular
Economy are: Ministry of Environment (MMA), Superintendence of Environment (SMA),
Ministry of Economy, Development and Tourism (MIDEPLAN), National Council of Clean
Production (CPL), Ellen MacArthur Foundation, Chilean Chamber of Construction (CChC),
Santiago Chamber of Commerce (CCS), NGOs and private companies.

In the agricultural sector, regenerative agriculture practices are being developed,
which aim to restore and maintain the health of soil, water and biodiversity. These practices
include the use of organic fertilisers, crop rotation and cover cropping.

The industrial sector implements more efficient and sustainable production processes,
which considerably reduce the use of natural resources and the generation of waste. These
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processes include the use of recycled materials, the optimisation of production processes
and the reduction of waste.

It also highlights that in the construction sector, more sustainable materials are being
used, such as wood, recycled concrete and low environmental impact building materials.

In Chile, there are no economic incentives for companies and consumers to adopt
Circular Economy practices. This makes it more difficult for these stakeholders to switch to
more sustainable models.

Lack of knowledge about the CE is vital, as many people in Chile are not familiar with the
benefits of the Circular Economy. This hinders the promotion of this model and its adoption.

1.2.4. Venezuela

The legal framework of the Circular Economy in Venezuela is in constant development,
so the laws in place are the following:

e  The 2015 Organic Law on Spatial Planning (LOOT) has principles for sustainable
development.

e  The 2013 Organic Law for the Protection of the Environment (LOPA), including the
promotion of integrated solid waste management.

e  The 2010 Organic Law of Communes, the National Plan for Economic and Social De-
velopment 2020-2025 (Plan de la Patria). This plan establishes the Pact for the Circular
Economy, which promotes innovation in production and consumption processes to
reduce environmental impact.

e  The Action Plan for the Circular Economy (PACE). This plan establishes a series of
measures to promote the implementation of the Circular Economy in Venezuela, such
as the reduction of waste generation, recycling and materials recovery.

The entities that collaborate and contribute to the immersion of the Circular Economy
in Venezuela are: Ministry of Ecosocialism and Water (MEA), National Circular Economy
(PNEC), Ministry of National Trade (MINCOMERCIO), National Council for the Circular
Economy (CNEC), Ellen MacArthur Foundation, Universities and research centres, NGOs
and private companies.

Research on sustainable agricultural practices is being carried out at the National
Agricultural Research Institute (INIA), while the Ministry of Agriculture and Lands (MAT)
is working to promote local food production.

The Circular Economy in Venezuela is characterised by the following aspects:

e Inclusion of the Circular Economy in public policy, which establishes the objectives
and guidelines for the development of this model in the country. This strategy includes
measures to promote waste reduction, reuse and recycling, as well as innovation and
technological development to support the Circular Economy.

e Infrastructure development for the Circular Economy: The Venezuelan government
is investing in infrastructure, especially recycling plants, composting centres and
water recirculation systems. This is necessary to facilitate waste reduction, reuse
and recycling.

e  Promotion of the Circular Economy among businesses and consumers.

It is important to note that high inflation has made it more difficult for businesses and
consumers to invest in sustainable products and services, and also to work on resource
scarcity; Venezuela has shortages of some natural resources, such as water and energy. This
can make it difficult to adopt Circular Economy practices that require more resources.

1.2.5. Spain
The legal framework for the Circular Economy in Spain is under development.
Law 7/2022 of 8 April on waste and contaminated soils for a Circular Economy [48].
Law 11/2018, of 28 December, amending Law 26/2007, of 23 October, on the En-

vironmental Responsibility of Producers in the Field of Waste and Contaminated
Soil [49].
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e  The Spanish Circular Economy Strategy 2030. This strategy establishes the objectives
and lines of action for the implementation of the Circular Economy in Spain.

e  The National Waste Plan 2030, which supports the Circular Economy in the best and
most consistent way.

e  The Circular Economy Action Plan 2023-2025. This plan establishes a series of mea-
sures to promote the implementation of the Circular Economy in Spain, such as the
reduction of waste generation, recycling and materials recovery [50].

The Spanish institutions that are encouraging and supporting the Circular Economy
are the following: Ministry for Ecological Transition and the Demographic Challenge
(MITECO), Ministry of Industry, Trade and Tourism (MINCOTUR), Advisory Council
for the Circular Economy (CAEC), Spanish Circular Economy Network (REEC), Ellen
MacArthur Foundation, Universities and research centres, The Technological Centre for
Materials and Environment (AIMPLAS), The Technological Institute of Materials (IN-
TEMA), The Technological Institute of Construction (ITEC), The Institute of Chemical
Technology (ITQ), NGOs and private companies and Universities and research centres.

The Ministry of Agriculture, Fisheries and Food (MAPA) is developing research on
sustainable agricultural practices, and the National Institute for Agricultural and Food
Research and Technology (INIA) is developing new technologies to support circular farming
by reducing the use of natural resources such as water, land and energy, whcih would
contribute significantly because it makes farming practices more efficient, such as crop
rotation and the use of organic fertilisers, and collaborates with the environment.

The Spanish government has developed a plan that focuses on reducing the amount of
plastic waste going to landfills by calling for a ban on single-use plastics and promoting the
recycling of plastics. It has also established a strategy that includes measures to promote
waste reduction, reuse and recycling, as well as innovation and technological development.

1.2.6. Portugal

The legal framework of the Circular Economy in Portugal is based on new regulations
and public policies.

e  The Decree Law 102-D /2020 of 10 December, this law of its approval on waste man-
agement, the legal regime for landfill waste and makes a change in the specific waste
streams [51].

e  Directive (EU) 2018/851 of the European Parliament and of the Council of 30 May
2018 amending Directive 2008/98/EC on waste.

The National Circular Economy Strategy (ENEC).

The National Waste Plan 2030. It aims to achieve the objectives of the Circular Economy.
The Action Plan for the Circular Economy 2022-2025. This plan sets out a series of
measures to promote the implementation of the Circular Economy in Portugal, such
as the reduction of waste generation, recycling and materials recovery.

In addition, the following measures have been put in place for the development of CE:

o  The use of sensors for irrigation management: Sensors can be used to measure soil
moisture and air temperature, which can help farmers irrigate their crops more quickly
and efficiently. This can help reduce water use by using as much water as necessary,
which is an increasingly scarce resource.

e The use of bioplastics for food packaging: these are plastics made from renewable
materials, such as corn or sugar cane. These plastics biodegrade in the environment,
reducing the amount of plastic waste going to landfill.

e  The inclusion of the Circular Economy in public policy: The Portuguese government
has developed a National Circular Economy Strategy, which sets out the objectives
and guidelines for the development of this model in the country. The strategy includes
measures to promote waste reduction, reuse and recycling, as well as innovation and
technological development to support the Circular Economy.
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e  Agricultural Waste Management: These materials can be used for the production of
biomass, biogas or even green building materials.

e Crop Management Technology: The adoption of advanced agricultural technology,
such as precise crop monitoring and management, enables more efficient use of
resources such as water and nutrients, reducing waste and improving productivity.

e Irrigation Water Reuse: Some regions in Portugal are implementing wastewater
collection and treatment systems for reuse in agriculture, which helps to conserve
water resources.

Portugal has demonstrated a remarkable commitment and different advances and
persistent challenges in working towards a transition to a Circular Economy, implementing
various initiatives and policies that promote sustainability and collaborate in becoming
a more resource efficient country. However, it has the National Strategy for the Circular
Economy (ENECP), which works in different economic sectors and implements basic
principles for the management, use, innovation and design of waste or products. On
the other hand, each company implements its own entrepreneurship and creates new
markets and employment opportunities. Additionally, this country has made an investment
in Innovation and Technology, especially in sectors such as construction, fashion and
agriculture, working on resource management and minimising the waste that is left over.

1.2.7. Costa Rica

The legal framework for the Circular Economy in Costa Rica is under development,
and has been strengthened in recent years with the enactment of new regulations and
public policies.

The General Law on Solid Waste (Law No. 8839) of 2010 [52].

The Recycling Incentive Law (Law No. 8955) of 2011 for waste recycling [53].

The 2022 National Circular Economy Strategy (ENEC).

The National Solid Waste Plan 2020-2030. This plan sets out the measures needed to

achieve the objectives of the ENEC.

e  The Circular Economy Action Plan 2023-2025. This plan establishes a series of mea-
sures to promote the implementation of the Circular Economy in Costa Rica, such as
the reduction of waste generation, recycling and materials recovery.

The entities collaborating in this country are the Ministry of Environment and Energy
(MINAE), Ministry of Economy, Industry and Commerce (MEIC), National Council of
Circular Economy (CNEC), Ellen MacArthur Foundation, Universities and research centres,
the University of Costa Rica, the National University, the National Technical University, the
Technological Institute of Costa Rica, NGOs and private companies.

Costa Rica has implemented the following actions in favour of CE:

e  Recycling Organic Waste: Instead of simply throwing away organic waste, such
as crop residues, fruit and vegetable peels, it can be used to produce high quality
compost. This compost is used to improve soil fertility, thus reducing the need for
chemical fertilisers.

e  Vertical Agriculture and Green Roofs: In urban areas of Costa Rica, different vertical
farming systems are being added to buildings and green roofs. These systems have
the possibility of growing food in small spaces and use efficient irrigation systems,
contributing to the reduction of the ecological footprint and the transport distance
of food.

e  Use of Solar Energy: Agriculture is an energy-intensive activity; however, several
farmers in Costa Rica are using solar panels on a daily basis to generate clean and
sustainable energy. This reduces dependence on fossil fuels and energy costs.

e  Growing Native Fruit: Instead of relying on imported fruit varieties, some farmers are
promoting the cultivation and consumption of native fruits. This not only promotes
biodiversity, but also reduces the carbon footprint associated with food transport.
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Agroforestry systems: The implementation of agroforestry systems achieves a mix
between agriculture and reforestation. This not only helps to conserve biodiversity
and water resources, but can also provide additional income through the sale of timber
and other forest products.

Short Supply Chain: Encouraging direct sales of agricultural products through local
markets or community farming programmes reduces the need for packaging and
transport over long distances, thereby reducing waste and carbon footprint.
Irrigation Water Reuse: Some farms in Costa Rica have added wastewater collection
and treatment systems to their irrigation process for reuse in irrigation. This helps
conserve water resources and reduces pollution.

Rainwater harvesting: Rainwater harvesting and storage are being used in agriculture
to reduce dependence on non-renewable water sources and reduce irrigation costs.
The implementation of the Circular Economy in Costa Rica faces several challenges
such as Coordination and Collaboration: The Circular Economy commonly requires
greater collaboration between different stakeholders, such as businesses, governments,
NGOs and civil society. Coordinating these efforts can be a challenge.

Technology and Training: The correct coupling of circular technologies and practices
call for training and skills development. Ensuring that people are trained to work in a
circular environment is essential.

Life Cycle Assessment: Life cycle assessment of products and processes is crucial
to make informed decisions on circularity. This requires access to appropriate data
and tools.

Sectoral Challenges: Each sector of the economy may face specific challenges for
the implementation of the Circular Economy. For example, agriculture may need to
address agricultural waste management issues.

1.2.8. Ecuador

The legal framework for the Circular Economy in Ecuador is under development:

The 2008 Constitution of the Republic of Ecuador. This constitution promotes and
focuses on the right to a healthy and ecologically balanced environment.

The Organic Law on Inclusive Circular Economy of 2021. The National Circular
Economy Strategy of 2022. This strategy establishes the objectives and lines of action
for the implementation of the Circular Economy in Ecuador.

The National Development Plan 2020-2023, Pact for Ecuador, Pact for Equity. This
plan establishes the Pact for the Circular Economy, which aims to promote innovation
in production and consumption processes to reduce environmental impact.

The Action Plan for the Circular Economy 2023-2025. This plan establishes a series of
measures to promote the implementation of the Circular Economy in Ecuador, such as
the reduction of waste generation, recycling and materials recovery.

The different companies collaborating with the inclusion of the Ministry of Environ-

ment, Water and Ecological Transition (MAATE), Ministry of Production, Foreign Trade,
Investment and Fisheries (MPCEIP), National Council of Circular Economy (CNEC), Ellen
MacArthur Foundation, Universities and research centres, San Francisco de Quito Univer-
sity, Pontifical Catholic University of Ecuador, University of Cuenca, Technical University
of Ambato, NGOs and private companies.

In Ecuador, different models that take circular technology into account have been in

evidence, for example:

Organic Waste Recycling: Farmers in Ecuador are using organic waste, such as crop
residues and food waste, to produce high quality compost. This compost is used to
improve soil fertility and reduce reliance on chemical fertilisers.

Organic agriculture: Organic agriculture and agroecology have been implemented in
Ecuador, which promote circularity by minimising the use of synthetic chemicals and
focusing on soil health and biodiversity.
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e  Agroforestry: combining agricultural crops with trees and shrubs, which not only
increases the diversity of products, but also improves soil conservation and carbon
sequestration, contributing to the fight against climate change.

e Integrated Pest and Residue Management: The application of integrated pest and
residue management (IPM) methods promotes sustainability by minimising pesticide
use and maximising efficiency in agricultural residue management.

e  Renewable Energy Production: Some farmers in Ecuador are adopting solar energy sys-
tems to power their operations, reducing dependence on fossil fuels and energy costs.

e  Recycling of agricultural materials: The reuse of agricultural materials, such as pack-
aging and equipment, is being promoted in Ecuadorian agriculture. This reduces the
need to manufacture new products and reduces waste generation.

The implementation of the Circular Economy in Ecuador presents challenges such as
a lack of awareness and education on the principles of the Circular Economy. Significant
effort is needed to educate the population, businesses and farmers about how the Circular
Economy works and how they can contribute.

Also, the implementation of circular technologies and practices often requires signifi-
cant investments. The availability of funding and resources to support these initiatives is a
major challenge, especially for small businesses and farmers.

The lack of adequate infrastructure for waste management, recycling and reuse is a
challenge in Costa Rica. Investment is needed in recycling and composting facilities, as
well as in more advanced waste management systems.

1.2.9. Salvador
The legal framework of the Circular Economy in El Salvador has the following laws:

The General Law on Waste and Integrated Solid Waste Management, No. 1014 of 2011.
The Extended Producer Responsibility (EPR) Law 8298 of 2012. It focuses on the
obligation of producers to bear the costs of waste management of their products.
The National Circular Economy Strategy 2022.
The National Development Plan 2020-2023, El Salvador Grows Without Poverty. This
plan establishes the Pact for the Circular Economy, in production and consumption
processes to reduce environmental impact.

e  The Circular Economy Action Plan 2023-2025. This plan establishes a series of mea-
sures to promote the implementation of the Circular Economy in El Salvador, such as
the reduction of waste generation, recycling and materials recovery.

The entities that collaborate with the Circular Economy in Salvador are the Ellen
MacArthur Foundation, the National Council of Circular Economy (CNEC), the Universities
and research centres, the University of El Salvador, the Catholic University of El Salvador,
the University Dr. José Matias Delgado, the Technological University of El Salvador, NGOs
and private companies, the Ministry of Environment and Natural Resources (MARN), the
Ministry of Economy, the Ministry of Industry and Commerce, the Ministry of Agriculture
and Livestock and the Ministry of Tourism.

Thus, it is evident that these countries have implemented practices related to CE, some
of them with actions more oriented to environmental protection.

Spain and Portugal have been generating activities in which waste and water are
used appropriately, recycling processes are developed, packaging is carried out and the
inputs used are reinvested. Examples of this are the fruit and vegetable and rice sectors,
among others, which have been taken into account by many companies to improve their
production cycle.

In Colombia, through the National Circular Economy Strategy (ENEC), the participa-
tion of various sectors and the linkage of policies that protect natural resources and provide
consumers with benefits that meet their needs have been obtained [8].

A successful example is that developed by the University of the Andes through the
programme “Circular Agriculture in the cocoa chain”, in which 25 producers from the
Meta department participated initially, with whom a methodology was structured to take
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advantage of resources and reduce the consumption of water and energy and minimise the
use of plastics and chemicals, in order to become a sustainable business. The experience
has been replicated by several entrepreneurs in the region and has become an example
to be implemented by other producers of agricultural goods. However, it is also evident
that there is a lack of resources and greater actions to link actors and develop this type
of initiative.

The same situation is evident in Costa Rica, which in 2023 established the “Circular
Economy from agroforestry waste for decarbonization” project, whose objective was to
create a circular economy model based on the processing of agroforestry waste, which
would allow for the proper management of waste and reduce CO, emissions. The actions
developed allowed the integration of productive chains and the generation of employ-
ment [9].

In Brazil, cases have been identified such as the one developed by Enel Green Power,
which has developed actions for the treatment of domestic water to be used in the agri-
cultural sector, in addition to being a mechanism that allows the use of new techniques
for energy generation. In addition to being sustainable, this system links producers and
families, who make the most of resources and generate consumption awareness [10].

A similar case occurred in Chile, where a strategy was generated through the pro-
cessing of organic waste that is then converted into compost to be used in the agricultural
sector. This experience is being developed in the Talca composting plant and has become
one of the most successful cases in the country [11].

In the case of Venezuela, there is no evidence of the implementation of public sector
projects aimed at CE; however, the use of practices promoted by farmers to take advantage
of resources is not unknown.

Therefore, it is identified that Ibero-American countries have established in the frame-
work of their policies, a series of strategies to minimise environmental impact, especially in
a sector that is one of the most resource-intensive and requires more actions to integrate the
community and other actors, raise awareness and develop bio-based products.

2. Materials and Methods

The methodology of this research is based on a quantitative approach, in which
bibliometric analysis facilitates the identification of patterns and trends in the scientific
literature related to the Circular Economy in Agriculture [54]. This analysis also involves
the use of specialized software tools. Through the collection and study of bibliographic
data, such as citations, co-citations, and frequency of occurrence of key terms, this method
provides a solid basis for understanding how tools contribute to advances in the area, and
which are the most relevant in different contexts.

This research is based on two pillars. The first describes the data extraction process,
covering database selection and search strategy. Subsequently, a bibliometric analysis
was performed using appropriate techniques with the support of specialized software
(Biblio-metrix and VOSviewer). The details of the workflow are illustrated in Figure 4.

To collect data for this review, we used the following search equation: (TITLE-ABS-KEY
(circular AND economy) AND TITLE-ABS-KEY (waste) AND TITLE-ABS-KEY (agriculture)
AND TITLE-ABS-KEY (sustainability)). This query retrieved 427 articles, and the citation
information, bibliographic information, abstract and keywords, and other information
were exported to .txt format files. Then, the dataset in a Bibliometrix package file was
transferred from the Rstudio software to perform bibliometric analysis and thematic trend
analysis [55]. It was then transferred to SciMat software to extract strategic diagrams and
thematic evolution maps, after which a specific analysis was performed.

Bibliometrics applies mathematical and statistical techniques to perform a quantitative
analysis of the scientific literature, considering aspects such as production, growth, evolu-
tion and consumption of publications. It has established itself as a key tool for assessing
progress in research, encompassing the output of researchers [56]. Bibliometric analysis is
divided into two approaches: performance analysis, which uses indicators to measure the
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output and impact of authors, institutions and journals, and scientific mapping analysis,
which visually represents the cognitive and social structure of a specific area of research.

| Data Collection ‘ ‘ Bibliometric analysis
,/- Start .\, * Main article information
\_ﬁ___ __J_/ Performance + Top authors, countries
T analysis and production
data search Bibliometrix + Top research focuses
e
Downland data Science
in. — AVOSviewer —— Keyword analysis
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—
= _ |
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Figure 4. Flow chart of the methodology used.

Biblioshiny [57] is an open-source tool that allows the import of data from various
sources, such as Scopus and Web of Science, and offers multiple types of bibliometric
analysis [58]. In this analysis, different modules available in the Bibliometrix application
have been used [59], including basic information, annual scientific production, citations,
most significant sources, leading authors and affiliations, as well as an analysis by country
and a word cloud. This approach allows us to validate the identification of the periodicity
of topics or articles, connections, centrality, clusters of authors and texts, publication trends,
knowledge bases, citation patterns, author networks, readership, influence and importance.
It is essential to measure, compare and establish key objectives to understand scientific
activity, as the measurement process must determine what the impact of scientific activity is,
what role bibliometrics plays and its importance, as this assigns a value that is measurable
and can be quantified according to the results of scientific activity. Finally, it concludes
with a review of the number of queries made on search engines such as Google Trends,
particularly in the 22 Ibero-American countries listed below. Europe: Andorra, Spain
and Portugal; Americas: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba,
Dominican Republic, Ecuador, El Salvador, Guatemala, Honduras, Mexico, Nicaragua,
Panama, Paraguay, Peru, Uruguay and Venezuela.

VOSviewer [58] is a widely recognised bibliometric tool for creating bibliometric
networks involving different actors, such as authors and organisations. It uses various
network analysis methods, including co-authorship, co-citation, co-occurrence of terms
and bibliographic coupling [59]. In this study, co-occurrence of terms analysis was applied
to identify the predominant themes within a research area. The maps generated by this
tool show nodes, which represent keywords, and edges, which illustrate the relationships
between them.
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3. Discussion

The bibliometric analysis of the evolution of the Circular Economy in Agriculture
research theme related to the data retrieved from Scopus, yielded 427 articles in terms
of publication, citations and impact. The following types of analysis were considered:
data information, trends and characteristics of research publication, most preferred and
productive journals, productive author, journal and country, most cited papers, keyword
analysis and thematic evaluation.

Table 2 provides information on articles retrieved from Scopus published between 2012
and 2024. It was found that 427 publications published in 209 sources use 1472 keywords
and with a participation of 1979 authors, a relevant number. There is a high collaboration
in the literature on the topic in question, 5.02, as shown by the collaboration index. The
average number of citations per article is 22.71, see Figure 5.

Table 2. Number of articles by year and participation.

Year Articles % Shareholding
2012 5 1.18%
2013 6 1.42%
2014 6 1.42%
2015 6 1.42%
2016 6 1.42%
2017 10 2.36%
2018 20 4.73%
2019 33 7.80%
2020 40 9.46%
2021 50 11.82%
2022 60 14.18%
2023 81 19.15%
2024 100 23.64%

mespan Sources Documents Annual Growth Rate

2012:2024 209 423 48.28 %

Authors of single-authored ¢ International Co-Authorship Co-Authors per Doc

19 36.41 % 5.02

Author's Keywords (DE) References Document Average Age Average citations per doc

1472 0 1.92 22.71

Figure 5. Statistical and descriptive information. Own elaboration using Bibliometrix.

In Figure 6, the most prominent journals publishing articles in the field of CE in
Agriculture have been explored, among them are: Sustentabily (100), Journal Clearne (70),
Journal Envireme (108), as shown in Figure 2. The main journals in which the articles
were published were related to agronomy, cleaner production, resources, conservation and
recycling, environment and sustainability.

Based on the trend in the number of publications, the results are divided into three
periods to analyse research trends and explore the characteristics of this topic:

1. 2014-2016 (start-up period). The number of publications is estimated to be less than
three per year and shows no signs of growth.
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2. 20162019 (initial development period). In this period, research on this topic began to
show signs of growth, and the number of articles published at this stage was double
that of the previous one, growing to around seven articles.

3. 2019-2024 (rapid development period). The number of Circular Economy oriented
research articles increased in 2019 and shows considerable growth in the following
years, from 30 articles in 2020 to 100 articles by 2024.

Figure 6. Journals. Own elaboration using Bibliometrix.

Figure 7 and Table 2 show the annual growth of publications and the % of participation
per year, where it can be seen that for the year 2012, this thematic area produced 5 articles,
for the years 2013 to 2016 each one participated with 6 articles, in the year 2020 there is a
publication of 40 articles, and for the year 2024 a production of 100 articles, which reflects a
continuous increasing trend.

120 25.00

20.00

40 I |
0 I 0.00

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

o
o

Figure 7. Annual scientific production. Own elaboration using Bibliometrix.

In the documentary review, it was possible to identify 179 authors who have published
the most articles on CE applied to agriculture. Some of them are listed below: Aznar-
Sanchez, J.A. with three publications, followed by Panedey A., Velasco-Mufioz, J.E, each
with three articles, followed by Achillas, C. Aguilar, A. Ameto, A., Awasthi, MK., Baker,
L.A., Beccci, A., each with two papers. See Table 3.

Figure 8 and Table 4 show the percentage of contributions made in the world. China
had the highest number of articles published, with a calculated percentage share of 18%,
followed by Spain (14%) and the United States (12%).
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Table 3. Authors who have generated articles on CE applied to agriculture.

Author’s Name No. of Documents Percentage
Aznar Sanchez, J.A. 3 1.7%
Pandey, A. 3 1.7%
Velasco Murioz, J.F. 3 1.7%
Achillas, C. 2 1.1%
Aguilar, A. 2 1.1%
Amato, A. 2 1.1%
Awasthl, M.K. 2 1.1%
Baker, L.A. 2 1.1%
Becci, A. 2 1.1%
Belaud, J.P. 2 1.1%
Belmonte-Urenia, L.J. 2 1.1%
Beolchini, F. 2 1.1%
Boyer, TH. 2 1.1%
Brazler, F. 2 1.1%
Callegari, A. 2 1.1%
Capodaglio, A.G. 2 1.1%

Own elaboration using Bibliometrix.
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Figure 8. Author’s country of correspondence. Own elaboration using Bibliometrix.
Table 4. Production by country.
Country Articles SCP MCP Freq MCP_Ratio
ITALY 104 72 30 0.28 0.3
SPAIN 37 21 16 0.087 0.432
INDIA 36 23 13 0.085 0.361
CHINA 30 10 20 0.071 0.667
BRAZIL 20 16 4 0.047 0.2
USA 17 13 4 0.04 0.235
UNITED KINGDOM 13 8 5 0.031 0.385
AUSTRALIA 12 5 7 0.028 0.583
GERMANY 11 7 4 0.026 0.364

It is worth noting that the most representative years for this topic are 2008, 2009, 2011,
2012, 2015, 2015, 2017, 2017, 2018, 2019, 2021 and 2022, with Boyer T.H., Acnar Sanchéz J.A.,,
Velasco Muioz J.F.,, Blaowlec A. and Aguilar A. being the authors with the highest number
of publications in this period with topics on CE. Other authors such as Zhang Z., Pandey A.
and Kumor S. stand out with topics on sustainability, and Velasco Mufioz J.F,, Belaud J.F.
and Zhang Z. on topics of sustainable agriculture (See Figure 9).
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Figure 9. Authors by period and subject matter.

In addition, the results allow for a chronological analysis of the evolution of the
different themes. The first milestone is in 2018 with the term nutrient cycling, followed
in 2019 with the themes of water quality, biotechnology and soils. The next milestone
is in 2020 with terms such as Circular Economy and sustainability. In 2021, the terms
sustainability, waste management, sustainable development and agriculture, and in 2022
with solid waste, environmental impact, water treatment and water (Figure 10).
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Figure 10. Trend themes. Own elaboration using Bibliometrix.

Partnerships between countries are vital to account for the progress of exploration in
this area. The results show that the United States is the country with the highest number
of collaborations.

Partnerships between countries are vital to account for the progress of exploration in
this area. The results show that the United States is the country with the highest number of
collaborations, including African countries such as Cameroon and Congo. In Latin America,
only Argentina, Colombia and Brazil stand out (Figure 11 and Table 5).
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Longitude
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Figure 11. Cross-country collaboration in writing articles on CE in agriculture.

Table 5. Countries.

Region Frequency
INDIA 181
ITALY 118
SPAIN 96
USA 89
CHINA 88
BRAZIL 58
UK 45
MALAYSIA 41
AUSTRALIA 38
PORTUGAL 34

Own elaboration using Bibliometrix.

Figure 12 shows co-authorship between countries, taking into account 10 published
papers per country and a minimum number of 10 citations per country. Out of 84 countries,
21 meet the above conditions.
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Figure 12. Map of co-authorship between countries. Own elaboration using Bibliometrix.

Italy is the country with the highest number of publications: 104 articles, of which
72 articles are written by Italian authors alone and 30 articles are co-authored with authors
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from several countries. In second place is Spain with 37, of which 21 refer to research
carried out by Spaniards only and 16 articles are co-authored with authors from several
countries. In third place is India with 30 articles, of which 10 refer to publications by Indian
authors only. From Latin America, Brazil stands out with 20 articles.

Co-occurrence and all keywords, taking into account the following criteria: minimum
number of occurrences of a keyword 15 times, with 4069 occurrences, 83 of which meet the
criteria. In addition, the results allow for a chronological analysis of the evolution of the
different topics. The first milestone occurs in 2018 with the term nutrient cycle, followed in
2019 with the topics of water quality, biotechnology and soils. The next milestone is in 2020
with terms such as Circular Economy and sustainability. In 2021, the terms sustainability,
waste management, sustainable development and agriculture, and in 2022 with solid waste,
environmental impact, water treatment and water (Figure 13).
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Figure 13. Co-occurrence and all keywords. Compiled from VosViewer.

Co-occurrence map based on tex data, taking into account the following criteria:
the terms in both the title and the abstract, the minimum amount of concurrence of the
term is 20 times; out of 12,315 terms in total, 125 meet these criteria. Figure 8 shows
the co-occurrence of the keywords waste management, environmental impact, circularity,
sustainability, sustainable development, wastewater, food security and agriculture. These
topics contribute substantially to increasing the number of articles to be published in the
world’s leading research journals.

The fourth map shows co-citation and cited authors, taking into account the following
criteria: the minimum number of citations per author is 20 times out of 74,895 authors,
and 378 meet this criterion. Figure 14 shows that there are collaborative links with several
authors such as Zhang Z. from China, Humar M. from India, Taherazdeh M. from Sweden,
Pandey A. from Italy, Sirohi R. and Awasthi W. The existence of various interrelationships
between countries is evident.

The strategic diagrams, Figure 15, indicate the research themes based on two indicators
of cluster centrality (indicating the degree of strength of interdisciplinary links and the
centrality of the theme) and density (indicating the degree of strength) [60].

Quadrant C1, driving themes for this case we have fertilisers, wastewater treatment,
sustainable development; Quadrant C2, peripheral themes in this quadrant we have
agriculture, sustainability and Circular Economy themes; Quadrant C3, emerging themes
biomass, coal and agricultural waste; Quadrant C4, base and cross-cutting themes, in this
quadrant we have sustainable development and waste management.
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Figure 14. Map 4: Co-citation and cited authors. Compiled from VosViewer.
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Figure 15. Strategic diagrams. Own elaboration using Bibliometrix.

The results of the bibliometric analysis show that research and development on the
Circular Economy is more present in developed countries than in emerging countries, and
is also more intensive in Europe than in Latin America. This trend highlights the need for
more investment and commitment from developing countries to address the challenges in
implementing a Circular Economy.

As for the studies published on this topic, they started in 2012 with 5 articles and from
this year until 2017 there was a similar production of 5 to 6 articles per year, and in 2018
there was an increase to 20 articles related to topics such as water quality and fertilisers, in
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2020 we have a significant increase in scientific production with topics such as silviculture
and biotechnology, for the year 2022 we appreciate a significant increase of articles with 60
on topics such as phosphorus, biomass and sustainable development, and so far in 2024
we have a production of 100 articles on topics such as greenhouse gases and alternative
agriculture. Additionally, the leading countries in this area of research are Italy, Spain,
India, China, Brazil and the United States; as we can see, there is only one Latin American
country that participates in this ranking.

Most of the documents reviewed are articles from indexed journals. However, there
is concern about the concentration of advanced knowledge in certain countries, institu-
tions and authors. Co-authorship could be an effective strategy for developing country
institutions to produce high-impact publications on topics related to the Circular Economy
in agriculture.

Implementing a Circular Economy approach to water management enables global
sectors and actors to ensure safe, sustainable and high-quality water supplies for the
future. The Circular Economy is presented as a framework that integrates economic
and environmental outcomes. In this context, this study aims to analyse water reuse
from a Circular Economy perspective, investigating the opportunities and risks associated
during this transition. The analysis uses an inductive approach in the research phase, a
Cartesian method for data processing and a deductive-inductive approach in reporting.
The economic justification for adopting circular approaches is based on the benefits that
its principles bring, by maintaining more value in products, components and materials,
prolonging their use and addressing waste management from the outset. Thus, the Circular
Economy is established as a key tool to achieve sustainability, making the Circular Economy
fundamental to achieving a sustainable society, although it represents a considerable
challenge that needs to be addressed promptly [61].

Several Latin American countries lack the necessary infrastructure to effectively man-
age waste and promote recycling, including recycling facilities and efficient waste collection
systems. In some countries, legislation on waste management and the Circular Economy is
insufficient or non-existent, making it difficult to implement effective policies.

Lack of public awareness of the benefits of the Circular Economy and sustainable
resource management limits citizen and business participation. Businesses, especially
small and medium-sized enterprises, often face difficulties in accessing finance to invest in
sustainable practices and clean technologies.

The availability of advanced technologies for waste management and recycling is
limited in some countries, which hinders the effective implementation of innovative solu-
tions in Latin American countries, while the difficulty in measuring the impact of Circular
Economy initiatives can make it difficult to justify investments and monitor progress.

4. Conclusions

This study has important theoretical implications for the field of CE applied to agricul-
ture. It contributes to a global and comprehensible vision of the evolution of this practice
in Ibero-American countries. Furthermore, it reflects the importance that governments and
other actors set to favour the construction of environmentally friendly processes in sectors
such as agriculture.

The governments of developed countries are generating policies with a CE approach
aimed at strengthening sustainable agricultural production, based on the design of mech-
anisms in which research, innovation, technological development and sustainability are
the basis for articulating good practices, especially in the processes of reduction, reuse and
recycling, together with the generation of projects that seek the use of alternative energies
and the minimisation of environmental impact.

Among the main obstacles to developing the Circular Economy in agriculture in Ibero-
America are waste management, inadequate infrastructure for the implementation of a
system for the collection and processing of agricultural waste, limited access to technologies
that optimise the reuse of waste in agricultural work, lack of training on issues related to
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the Circular Economy and its benefits and the creation by some governments of appropri-
ate regulations containing incentives and frameworks that encourage the transition to a
Circular Economy.

The governments of the Ibero-American countries are generating policies with a CE
approach aimed at strengthening sustainable agricultural production, based on the design
of mechanisms in which research, innovation, technological development and sustainability
are the basis for articulating good practices, especially in the processes of reduction, reuse
and recycling, together with the generation of projects that seek the use of alternative
energies and the minimisation of environmental impact.

The Circular Economy (CE) has the potential to address environmental and develop-
mental challenges associated with excessive resource use both locally and globally. More-
over, it can contribute to the creation of a sustainable economic growth model that seeks to
regularise and solve social problems, such as precarious employment, the generation of
jobs in safe environments and the forced displacement of climate refugees [62].

Future Research

It is important to generate research to identify technologies that promote the circulation
of materials in agriculture, such as composting and biodigestion, to close nutrient cycles and
minimise waste. In addition, it is necessary to generate economic models that encourage
the adoption of agricultural practices under the pillars of the Circular Economy, integrating
fiscal and financial incentives.
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