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Abstract

The agri-food sector plays a pivotal role in the global economy, requiring innovative
and efficient practices to ensure long-term sustainability. The paper aims to identify and
analyse circular economy strategies applicable to the agri-food sector through Strengths,
Weaknesses, Opportunities, and Threats (SWOT) analysis. The analysis considers the
legislative context at European, Spanish, and regional levels, specifically focusing on the
Valencian Community. The study underscores the need for collaborative action involving
public and private entities, technological advancements, and substantial investments in
human and economic capital. The paper concludes by summarising the main findings and
emphasising the importance of implementing circular economy strategies to simultaneously
achieve economic development, environmental conservation, and food demand fulfilment
in the agri-food sector.
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1. Introduction

Rapid population and industrial growth have led to a disproportionate consumption
of natural resources, in many cases exceeding their regenerative capacity or taking them
to critical values [1,2]. Industrial and economic progress has led to the establishment of a
society based on the consumption of vast quantities of resources, which in turn generates
a large volume of waste, endangering the sustainability of the environment and our own
economic system [34].

Particularly, the agri-food sector is at the core of the global sustainability agenda due
to its substantial contribution to environmental degradation, resource consumption, and
socio-economic dynamics. The agri-food industry exerts a considerable environmental foot-
print, stemming from multiple unsustainable practices along its value chain. Among the
most pressing concerns is the inefficient application of fertilisers, often resulting in nutrient
imbalances and runoff, as well as the overuse of pesticides, which contribute to soil and water
contamination and increased resistance in pests and pathogens [5-7]. Furthermore, the sector
faces significant challenges in managing both organic and inorganic waste generated during
agricultural and industrial processes, with inadequate waste treatment practices exacerbating
environmental degradation [8,9]. Compounding these issues are the high levels of water
consumption and substantial energy requirements inherent to many agri-food operations,
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particularly in irrigation, processing, and transportation stages [10-12]. Collectively, these
practices contribute to climate change, with agricultural production alone estimated to be re-
sponsible for up to 80% of the carbon emissions associated with food systems and accounting
for approximately 14% to 24% of total global greenhouse gas emissions [13]. These figures
underscore the urgent need to implement transformative measures aimed at enhancing the
sustainability of agri-food systems.

Given this situation, the application of circular economy principles has emerged as a
necessary transformation pathway to enhance the sustainability and resilience of agri-food
systems [14]. Circular Economy strategies aim to reconfigure current economic models
towards resource efficiency and recovery, promoting the transition to closed-loop systems
where waste is minimised and materials are continuously reintegrated into the production
cycle [15-18].

This paradigm shift is linked to the principle of sustainability [19,20], which aims not
only to preserve the environment, but also to ensure the social and economic well-being
of both present and future generations [18]. Thus, the circular economy recognises the
intrinsic relationship that exists between human well-being, economic development and
the state of the environment, which is why it is presented as a strategy for achieving a
sustainable production system that simultaneously guarantees economic development and
the conservation of natural resources [15,21,22]. To advance sustainability in the agri-food
sector, it is therefore necessary to integrate environmental and socio-economic consider-
ations into decision-making processes, promote sustainable supply chain management,
and identify strategic intervention points such as waste reduction, resource efficiency, and
responsible consumption.

The agri-food sector is a fundamental component of the global economic structure [23].
It encompasses an extensive network of actors, from agricultural producers to distributors,
all working collaboratively to ensure the efficient production, processing and distribution
of food products. The synergy and cooperation links involved in this chain not only benefits
the individual actors but also generates a positive impact on the overall economy, promoting
employment and stimulating economic development, exerting a significant influence on
the economic stability and dynamics of the region and the country as a whole [24,25]. To
ensure and maintain the economic development and stability of this sector, it is necessary
to drive innovation and improve efficiency at each stage of the food chain through the
use of sustainable technologies and the implementation of practices that strengthen the
resilience and long-term sustainability of the sector [24,26]. The implementation of the
circular economy in the agri-food sector is extremely complex, as it requires the joint
action of multiple actors, including both public and private entities, various companies,
technologies and a large initial investment in both human and economic capital that must
be managed efficiently to achieve the maximum benefit. All this represents a considerable
challenge, but the long-term benefits of the new model are innumerable, both from an
environmental perspective and in economic and social terms.

To drive circular economy initiatives within the agri-food sector, it is essential to
acknowledge that no single or “ideal” model can be uniformly applied across the entire
sector due to its inherent complexity [27]. Accordingly, various assessment and monitoring
approaches have been developed to evaluate circular economy-related initiatives. Among
these are Life Cycle Assessment (LCA), which evaluates the environmental impacts of
products and processes [28]; Water Footprint Analysis, which examines the total volume of
water required to produce goods or services [29-31]; and Life Cycle Energy Assessment
(LCEA), which focuses on total energy consumption and the associated emissions [22].
Material Flow Analysis (MFA) quantifies the movement and presence of materials within a
defined system, such as a city, industry, or ecosystem, while Data Envelopment Analysis
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(DEA) and Environmentally Extended Input-Output Analysis (EEIOA) provide analytical
frameworks that integrate environmental data into economic input-output models [24,32].
However, these methodologies are predominantly data-driven and may not sufficiently
support the initial planning stages of circular economic implementation within specific
sectors. For this purpose, strategic analysis tools are required to evaluate the sectoral
context and define coherent pathways for circular economy advancement. In this study, a
Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis is applied to provide a
rational and practical evaluation of the most suitable practices for the agri-food sector.

The integration of circular economy strategies with the outcomes of the SWOT analysis
offers a comprehensive understanding of both the constraints and driving forces shaping
the transformation of the agri-food sector. Unlike other studies focused exclusively on
environmental or economic diagnostics of the agri-food sector, previously mentioned, the
present work offers an integrated strategic approach, combining a systemic view of the
agri-food sector with a forward-looking logic that enables the formulation of targeted
strategic actions aligned with circular economic principles and long-term sustainability
goals. This strategic framework is the initial stage of the development of structured action
plans, characterised by clearly defined objectives and targeted measures aligned with
contextual challenges and opportunities, thereby enabling a more efficient allocation of
human and financial resources. Based on the previous premises, this study aims to address
the following research questions:

e  What strategic approaches can facilitate the transition of the agri-food sector towards
a more sustainable model based on the principles of the circular economy?

e  How can the agri-food sector make use of its structure and resources to create synergies
that enhance the efficient use of materials, water, and energy?

e  What mechanisms can strengthen the resilience of the agri-food system in the face of
global risks such as climate change, water scarcity, or rural depopulation?

2. Legislation About the Implementation of Circular Economy in the
Agri-Food Sector

2.1. European Legislation

The role that the European Union (EU) has played in highlighting the need to ensure a
secure supply of resources and their efficient use to ensure that businesses and economies
thrive is noteworthy. Over the last decade, the EU has urged governments and businesses
around the world to implement strategies based on the circular economy model. As a
result, the European Commission has been working for several years on the development
of plans, packages and proposals aimed at transforming the current linear economic model
into a circular one. The process of transition towards a circular economy model by the
European Union started in 2014 with the communication “Towards a circular economy: a
zero waste agenda for Europe’, with the aim of reducing waste generated. This publication
was followed by the ‘Action Plan for a circular economy in Europe’ published in 2015,
in which the European Commission proposed a series of measures that go beyond waste
reduction and affect all stages of the product life cycle.

In 2018, the ‘Circular Economy Legislative Package” was presented, highlighting the
‘European Strategy for Plastics in a Circular Economy’ [33] and the ‘Sustainability Strategy
for Chemicals’ [34-36]. With the aim of mainstreaming the implementation of the circular
economy, the ‘New Circular Economy Action Plan for a cleaner and more competitive
Europe’ [37] was recently published in 2020, which is a key element in the European Green
Deal [38], Europe’s new agenda for sustainable growth. These measures to promote the
recovery of the environment and ensure the future sustainability of European society in
the context of the fight against climate change are considered essential and pressing for
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all member states [39]. The following figure (Figure 1) presents a visual summary of the
European Green Deal’s strategic framework, with a focus on the Circular Economy Action
Plan (CEAP). It highlights the overarching goals of climate neutrality and sustainable
transformation, outlines the main objectives of the CEAP, such as waste reduction and
resource efficiency, and identifies key sectors where circular economy principles are to be
implemented, including food, water, and nutrients.

EUROPEAN GREEN DEAL

GOAL

Climate neutrality
by 2050

Sustainable
economic
transformation

No person and no
place left behind

GREEN POLICY INSTRUMENTS, PLANS AND STRATEGIES

European Climate Law; Circular Economy Action Plan (CEAP); Farm to Fork Strategy; EU

KEY STRATEGIES

Biodiversity Strategy for 2030; Renovation Wave; Sustainable and Smart Mobility Strategy;
Industrial Strategy; Just Transition Mechanism; Green Deal Investment Plan; Sustainable
Finance Strategy; Eco-design for Sustainable Products Regulation (ESPR); Fit for 55 Package
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Figure 1. Overview of the Circular Economy Action Plan within the European Green Deal, highlight-
ing key objectives and priority sectors. Source: Own elaboration.

Within the framework of the EU Circular Economy Action Plan, the agri-food sector
has been identified as one of the key priority areas for implementing circular strategies.
Its close connection to natural ecosystems, high resource intensity, and potential for waste
recovery make it a strategic sector for achieving a regenerative and resilient economy [40].
The circular economy redefines the agri-food system by:

e Transforming organic waste, such as food surpluses, crop residues, and manure, into
biogas and organic fertilisers through anaerobic digestion.

e  Regenerating soils via composting and nutrient cycling, reducing reliance on syn-
thetic inputs.

e Reducing food loss and waste through redistribution, transformation into new prod-
ucts, or recovery of valuable compounds.

e  Promoting local, regenerative, and low-impact farming practices to close nutrient and
resource loops.

By shifting from a linear model to a circular one, the agri-food sector can significantly
reduce environmental pressures, enhance food system resilience, and contribute to the
EU’s climate neutrality and biodiversity goals. Implementing circularity in this sector
is not only necessary it is urgent. It calls for collaboration across the value chain, from
farmers to processors, distributors, and consumers, supported by policies, innovation, and
education. This approach is illustrated in Figure 2, through a diagram adapted from the
Ellen MacArthur Foundation’s ‘butterfly diagram’ [18].
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Figure 2. Circular economy model for the agri-food sector, adapted from the Ellen MacArthur
Foundation’s butterfly diagram to illustrate biological and technical cycles specific to food systems.
Source: Own elaboration.

2.2. Spanish Legislation

With regard to the Spanish legislation, since the implementation of Law 10/2000 in
the Valencia Region, there have been significant changes in this legislation, notably Law
10/2000, on waste and contaminated soils, which transposed Directive 2008/98/EC and es-
tablished the legal bases at national level, and more recently, Royal Decree 646 /2020, which
transposed Directive 2018/850, focused on landfill waste disposal. In addition, in 2016, the
Spanish government approved the State Waste Framework Plan 2016-2022, defining opera-
tional targets to comply with Law 20/2011 and boost regional waste planning, aligning
the contributions of the autonomous communities with national targets. In June 2020, the
Council of Ministers approved the Spanish Strategy on Circular Economy, known as “Spain
Circular 2030”7, marking an important milestone in the promotion of sustainable practices.
Finally, the recent approval of Law 7/2022 on waste and contaminated land to promote
the circular economy completes the fundamental legal framework in this area, further
consolidating the focus on the sustainable management of waste and contaminated land.

2.3. Regional Legislation in the Valencian Community

In view of the need to protect the environment and adapt the economic model in the
fight against climate change, as well as to comply with European and national objectives
on waste and the circular economy, it is essential to introduce new regional legislation
in the Valencia Region to replace the now obsolete Law 10/2000, namely Law 5/2022, of
29 November, of the Generalitat, on waste and contaminated soils for the promotion of the
circular economy in the Valencia Region. This law aims to promote the circular economy in
the region and to apply circular economy criteria in waste management. It also seeks to
boost waste prevention and reduction, preparation for reuse and recycling, with a special
focus on household and commercial waste, which is mainly the responsibility of local
administrations. Most of the law is dedicated to the prevention and proper management of
these wastes, especially light packaging, such as beverage bottles, which are crucial to meet
the targets set in European, national and regional waste regulations.
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This law details the waste hierarchy and the principles of self-sufficiency and proximity
in waste management, and regulates the right of access to information, participation and
access to justice for citizens in waste matters and the application of the “polluter pays”
principle. This law puts in place the necessary structures and financial resources to ensure
that waste and circular economy policy in the Valencia Region is effectively implemented.
An important innovation is the creation of the Valencian Waste and Circular Economy
Agency, which will be a governmental entity with responsibilities in this area. Under the
supervision of the Valencian Waste and Circular Economy Agency, the Waste and Circular
Economy Environmental Fund is established, which aims to finance the actions carried out
by the regional government to implement its waste and circular economy policy. It also
seeks to support the implementation of the measures proposed in this law by other public
entities and companies involved in waste reduction and management.

Moreover, this law addresses the planning of waste policy in the Valencia Region in
order to comply with the guidelines established at state and European level. This includes
waste prevention programmes at regional and local level, the Integrated Waste Plan of
the Valencia Region (PIRCV), supra-municipal planning instruments, and local waste
collection plans. In addition, economic and fiscal measures are established to encourage
the prevention, reuse and recycling of waste. As well as encouraging the purchase of
durable, reusable or recyclable products in public procurement. Emphasis is placed on
environmental education, including awareness-raising on proper product management
and waste prevention. The law requires 1% of the cost of waste collection and treatment
contracts to be spent on environmental education and training and promotes collaboration
with provincial councils. From 2024, local and waste management authorities must have
environmental education programmes in order to access aid from the Generalitat Valenciana
for waste management.

Another aspect on which this new regulation focuses is waste prevention and the
establishment of minimum waste reduction targets, allowing the Waste Prevention Pro-
gramme of the Valencia Region, included in the Integral Waste Plan of the Valencia Region,
to establish stricter targets than state regulations, especially for electronic appliances, batter-
ies, textiles, furniture, packaging, construction materials, and others, without contravening
basic state regulations. In order to achieve this objective, prevention measures are pro-
moted, including the adoption of sustainable and circular production and consumption
patterns, the promotion of efficient product design and manufacturing, the reuse, repair and
reduction in food waste, as well as the donation of food. Measures are also taken to prevent
and reduce litter in different natural, agricultural, peri-urban and marine environments.
Bulk sales and the use of reusable packaging are promoted, and the destruction or disposal
in landfills of unsold non-perishable products, such as textiles, toys or electrical appliances,
is prohibited, encouraging their reuse. As well as encouraging the sale and use of reusable
beverage containers.

This law on waste and contaminated land for the promotion of the circular economy
places special emphasis on waste prevention in the food industry at all stages, from
production to final consumption. In addition, it establishes that primary production
companies, food industries and distribution must prioritise the donation of unsold food,
its use in animal feed, transformation into other products or recycling, and only as a last
resort is it allowed to be disposed of. The law also recognises the rights of consumers to
receive information on food waste prevention, to take back uneaten food from restaurants,
and includes the promotion of civic projects to raise awareness and prevent food waste.

With regard to the management and reduction in the production and consumption of
packaging, this law seeks to encourage the sale and use of reusable beverage containers,
promoting their use in food establishments, both physical and online. One of the lines of
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action is focused on promoting the use of tap water in catering and the availability of free
drinking water in all public buildings, minimising the use of disposable water bottles and
guaranteeing access to drinking water as an essential human right.

Another aspect, closely related to the food industry, that is addressed in this law is
the use of packaging that is not considered packaging and that is difficult or impossible
to recycle. In the Valencian Community, it is forbidden to label as “packaging” or similar
plastic bags and wrappings that do not comply with state regulations and that are not
recyclable according to available technologies, unless they are under extended producer
responsibility or integrated management systems. This measure aims to reduce the in-
efficiency of waste management systems and prevent the disposal of these materials in
landfills or in the environment. In addition, a number of conditions for the placing on
the market of packaging and disposable containers are specified, including restrictions on
plastic bags and non-recyclable packaging.

Table 1 below provides a summary of various European national and regional instru-
ments related to the circular economy.

Table 1. Summary of the Circular economy policy instruments at European, National, and Regional level.

Name of the Instrument Description

Initial communication from the European
Commission marking the beginning of the circular
economy transition.

Towards a Circular Economy: A Zero Waste
Programme for Europe (2014)

First official action plan; addresses all stages of the

Circular Economy Action Plan (2015) product life cycle.

Legislative package. Includes the Strategy for

Circular Economy Legislative Package (2018) Plastics and the Chemicals Sustainability Strategy.

European Strategy for Plastics in a Circular Promotes plastic recycling, reduction, and
European Economy (2018) sustainable design.
Sustainability Strategy for Chemicals Ensures ’Ehe safefcy and sustainability of chemicals
in the circular economy context.
Reinforces CEAP within the framework of the
New Circular Economy Action Plan (2020) European Green Deal; prioritises sustainable
design and responsible consumption.
European Green Deal EU roadmap fOIj sustamqble growth; circular
economy is one of its key pillars.
Law 10/1998 on Waste (Spain) Early waste management la.w, le.iter replaced by
more recent legislation.
Law 22/2011 on Waste and Contaminated Soils Legal framework for waste ma nagement and
pollution prevention.
State Waste Management Framework Plan National operational plan to achieve circular
National (PEMAR) 2016-2022 economy targets in waste management.
(Spain) Transposes Directive 2018/850 on landfill

Royal Decree 646 /2020 on Landfill Disposal .
waste disposal.

Spanish Circular Economy Strategy “Spain National strategy to promote circular practices up
Circular 2030” to the year 2030.
Law 7/2022 on Waste and Contaminated Soils Replaces previous laws and strengthens the

for a Circular Economy circular economy framework at the national level.
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Table 1. Cont.
Name of the Instrument Description
Law 10/2000 on Waste and Contaminated Original regional law, now replaced by a new legal
Soils (Valencia) framework.
Law 5/2022 on Waste and Contaminated Soils =~ New regional law aligning European and national
for the Promotion of the Circular Economy guidelines with the Valencian context.
PIRCV—Integrated Waste Plan of the Regional waste management planning instrument
Regional Valencian Community with a circular approach.
(Valencian Community) Waste Prevention Programme of the Programme that sets stricter waste reduction
Valencian Community targets than national standards.

Valencian Waste and Circular Economy Agency

Government entity responsible for implementing
circular economy and waste policy in the region.

Waste and Circular Economy Financial tool to support regional circular economy
Environmental Fund and waste reduction actions.

3. Exploring the Spanish Agri-Food Sector: The Case of the
Valencian Community

This section presents a comprehensive overview of the agri-food sector, with particular
emphasis on the specific context of the Valencian Community. The agri-food sector plays
a transcendental role at a global level, since it is crucial to satisfy the food demands of
the world’s population, but the relevance of this sector not only lies in its nutritional
implications, but also in its influence on the economy at an international [41]. The agri-food
economic system encompasses a wide network of diverse workers and companies that
ensure the production, processing, distribution and sale of food, generating a large number
of jobs. It is estimated that in the European Union alone this sector provides employment
for 44 million people [42].

In Spain, it is estimated that the agri-food sector alone contributes around 11% of
GDP [43], making it a fundamental element of our economy. Within the sector, it is worth
highlighting the significant role of primary production, which represents 12% of the EU
total, consolidating our country as the fourth most important producer of the EU member
states, according to Eurostat statistics for 2017. In terms of exportation, Spain also stands
out as one of the countries that exports the most foodstuffs, ranking fourth in the EU and
eighth worldwide.

However, at national level, the agri-food sector not only plays a key role in terms of its
contribution to the GDP, but also has a positive influence on other sectors. It is recognised
as a strategical sector in our country, as it has broad social implications by providing
employment for a vast amount of people. It is also an integral part of our culture, traditions
and gastronomy, and has an impact on the configuration of the landscape. Although it is
presented as a very consolidated and relevant sector, compared to other sectors, it is also
a very vulnerable due to its own characteristics [44—46]. As we will see below, one of the
sector’s weaknesses lies precisely in the large number and diversity of actors involved with
very different backgrounds and needs. In addition to this fragmentation of the sector, there
are other factors such as the constant rise in production costs, whether fixed or variable,
that jeopardise the stability of the sector.

Next, the specific characteristics of the different actors involved in the agri-food sector
will be described:

e  Primary production

Primary production covers a wide range of economic activities linked to the collection
and harvesting of prime materials, such as agriculture, livestock and fishing. It is worth
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mentioning that on a national level, primary production has been one of the main economic
engines of our country, mainly highlighting the vegetables, fruits, meat and fish produc-
tion market. However, the most important sector is undoubtedly agriculture, as Spain
contributes nearly the 12% of the European agricultural production value and more than
the 17% of its income [43]. Despite its positive contribution to the economy, the Spanish
agricultural sector is the second largest contributor to greenhouse gas emissions among
diffuse sectors, behind the transport sector [47,48]. In order to reverse this situation and
mitigate the environmental impact generated by the agroindustry, it is necessary to imple-
ment more sustainable agricultural practices that guarantee the economic growth while
preserving and protecting the environment. However, this is not the only challenge that
the agricultural sector must face; there are other issues such as the ageing of the farming
population, the rural exodus to the cities and water scarcity that need to be addressed [49].

e  Food transport, processing and storage.

Once the products harvested and collected in the previous stage are obtained, then
they are processed and stored for their subsequent consumption. In turn, just like the
primary sector, the current stage is composed of different kinds of industries or sub-
sectors (meat industry, fishing industry, milk production, bakery products, oils, etc.) with
different impacts on the economy. At European level, the food and drink sector is a source
of employment for 4.2 million people and contributes to 1.7% of the EU’s gross value
added [43]. The relevance of this sector is also present in Spain, standing out for being the
main global producer and exporter of olive oil, consolidating its position as a leader in this
market, and the main fruit and vegetable exporting country at European level and one of
the three top global exporters along with China and the U.S.; according to the data offered
by the Spanish Ministry of Agriculture, Fisheries and Food.

As far as the food /beverage sector is concerned, it is an extremely important economic
component in the Valencian Community. According to data from the DIRCE (Central
Directory of Companies) presented at the Spanish National Institute of Statistics (INE), in
2017 there were approximately 2169 companies associated with this sector, generating a
total of 32,479 jobs, according to data from the Social Security in 2016. Figure 3 illustrates
the structural composition of the agri-food industry by showing the relative weight of
each manufacturing activity. This distribution helps to understand the sector’s internal
dynamics and supports the identification of strategic priorities. As can be observed the
most prominent subsectors are the manufacture of bakery products and food pastas, which
accounts for approximately 38.97% of the total, and the manufacture of other food prod-
ucts, representing 20.84%. Combined, these two categories encompass nearly 60% of the
industry, underscoring their strategic relevance in terms of production volume, economic
contribution, and potential leverage for transformative interventions. Although less repre-
sented in relative terms, the remaining subsectors also present opportunities for targeted
circular practices.

Despite the existence of significant changes within the sector in terms of product
innovation and the implementation of advanced technologies and human capital training
in the processes, which improve the efficiency of the sector, one of the weak points of the
food sector is the deficit in the implementation of strategies based on the circular economy,
which suggests that there is great potential for improvement in this regard, as it is pointed
out in the Food Sector Plan—Strategic Plan for the Valencian Industry.

e  Distribution

Another key element in the agri-food sector is food distribution, which consists of
connecting the productive and industrial sectors with consumers through the marketing of
food products.
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In Spain, food distribution is a vital component of the economy, ranging from small
shops to large distribution chains (Retail), and the hotel, restaurant and catering sector
(Horeca). However, it is the large distribution chains where the greatest impact on the
economy is observed, as they make up around 26.7% of the total number of companies
dedicated to trade in Spain, providing employment for approximately 340,000 people and
representing more than 50% of the total expenditure of Spanish households.

2.05%

3.62% Z'OS%I_

m Manufacture of Bakery Products and
Food Pastas
® Manufacture of Other Food Products

m Processing and Preservation of Meat
and Production of Meat Products

= Manufacture of Vegetable and Animal
Oils and Fats

® Processing and Preservation of Fruits
and Vegetables
Manufacture of Dairy Products

Processing and Preservation of Fish,
Crustaceans, and Mollusks
Manufacture of Products for Animal
Feed

Manufacture of Milling Products,
Starches, and Amylaceous Products

Figure 3. Relevance of the subsectors of the food /beverage sector in terms of number of companies at
regional level (Valencian Community-Spain). Source: Elaborated from data from the DIRCE (Central
Directory of Companies).

Like other components of the agri-food system, food distribution faces its own set of
challenges, which are largely shaped by consumer preferences and behaviours. Retailers
must respond to evolving consumption patterns, including a growing demand for products
that align with nutritional, health, and environmental standards. Additionally, the recent
increase in online shopping has reshaped market dynamics, prompting stakeholders to
adapt by expanding digital retail channels. A fundamental consideration when introducing
circular economy strategies in the agri-food sector is the identification of the main food
distribution channels. Understanding the structure and evolution of food distribution is
therefore essential for designing effective circular economy strategies that are aligned with
both market trends and sustainability objectives (Figure 4). According to data presented in
the Report on food consumption in Spain in 2022, published by the Ministry of Agriculture,
Fisheries and Food [50], supermarkets and self-service stores are the preferred source of
food and beverages for household purchases, accounting for 49.5% of the food volume.
This highlights their strategic relevance in the agri-food supply chain, suggesting that
circular interventions such as the reduction in non-reusable packaging, improved waste
management, or surplus redistribution could generate significant impact in advancing
towards a more sustainable distribution channel. Moreover, traditional markets continue
to play a significant role in the distribution of fresh food, accounting for 30.2% of the
channel. This demonstrates the importance of incorporating small-scale retail into circular
economy strategies, particularly with respect to reducing post-harvest losses, improving
the management of organic waste, and promoting the use of returnable or compostable
packaging solutions. Regarding e-commerce, despite its growth in recent years, this channel
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still represents a relatively low share of food distribution (1.2% for fresh products and
3.0% for other food items). Nevertheless, digital commerce offers promising opportunities
for the implementation of circular models based on reverse logistics, reusable packaging
systems, and waste reduction through demand forecasting.
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Figure 4. Relevance of food distribution channels by type of food in Spain. Source: own elaboration
based on data obtained from the Spanish Ministry of Agriculture, Fisheries and Food [50].

e  Consumption

The last step in the food chain corresponds to consumers, who are becoming increas-
ingly important due to new trends in responsible consumption.

According to the data presented in the Report on food consumption in Spain in 2022,
prepared by the Ministry of Agriculture, Fisheries and Food [50], Spanish people consumed
around 26,987.66 million kilos or litres of food and beverages in 2022 in households, which
means an approximate intake of 583.48 kilos or litres per person per year (see red box in
Figure 5). This has led to a total expenditure of 73,893.40 million euros, which represents
an average expenditure per person of around €1597.58 (see red box in Figure 5). If we add
consumption inside and outside the home, a total of 30,946.87 million kilos or litres of food
and drink were purchased in Spain in 2022, with a value of 107,780.51 million euros, which
translates into a per capita consumption of 698.50 kilos or litres, representing an average
total expenditure of approximately 2582.09 euros per person per year (Figure 5).

A comparative analysis of these data with those of the previous year shows that the
total amount of food purchased by Spanish people is 7.1% lower than in the previous year;
however, in economic terms, total expenditure on food and beverages has increased by
2.7%. This increase in spending is not only due to a higher consumption of food and drink
outside the home, which has a higher added value, but also to the increase in the price of
food and drink.

With regard to the type of food, an overall reduction in consumption of all product
types has been observed over the course of 2022, especially in fresh foods such as fresh
fruit, vegetables and potatoes, as well as meat and fish. However, the percentages of
consumption per food type remain constant compared to previous years, with fresh food
accounting for 37.3% of the total food volume, and non-fresh food accounting for the other
62.7% of the volume.
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Consumers are increasingly guided by criteria such as sustainability, health and
corporate image. According to the study conducted by Observatorio Cetelem Consumo
European 2017, there is a greater willingness to pay for trusted products compared to others
that are not, and a large proportion of Spanish consumers follow the recommendations and
opinions that other users leave on the internet when making their purchases [43].

PER CAPITA CONSUMPTION PER CAPITA EXPENDITURE
(Kilos or liters per person per year) (Euros per person per year)
Illes Balears 681.28 Illes Balears 1751.85
Canarias 650.3 Canarias 1529.07
Catalufia 635.72 Catalufia 74.53
Castillay Leén 610.59 Castilla y Leén 1644.89
Regi6n de Murcia 607.76 Region de Murcia 1574.82
Principado de Asturias 607.09 Principado de Asturias 1749.62
C: Foral de Navarra 601.43 C: Foral de Navarra 1832.86
Galicia 594.12 Galicia 1659.06
C i 590.09 C i i 1535.41
R e 5505 i s 15756 |
Pais Vasco 580.03 Pais Vasco 1863.56
Castilla La Mancha 576.76 Castilla La Mancha 1427.8
Aragén 569.65 Aragén 1608.18
daluci 552.12 daluci 1405.05
Extremadura 537.4 a 1282.24
La Rioja 531.5 La Rioja 1539.26
Cantabria 529.54 Cantabria 1457.11
Comunidad de Madrid 524.55 C idad de Madrid 1556.58

Figure 5. Food consumption and food expenditure per capita in Spain. Source: own elaboration
based on data obtained from Spanish Ministry of Agriculture, Fisheries and Food [50].

4. Designing Circular Strategies: Insights from a SWOT Assessment
4.1. Methodological Approach and Practical Application of SWOT Analysis

To identify the strategic priorities for advancing circular economy practices within
the agri-food sector, a comprehensive SWOT (Strengths, Weaknesses, Opportunities, and
Threats) analysis has been conducted. The SWOT analysis is one of the most famous and
valuable strategic planning tools worldwide [51,52], since it provides a holistic understand-
ing of a company or institution’s position in its environment. It consists of a practical
method that allows to carry out logical and organised reasoning of the internal and external,
both positive and negative, factors that affect or may affect a business, entity or territory
(Figure 6). Although the origins of this method date back to the 1950s [53], the usefulness
of this methodology has prevailed up to the present day [51,53,54].

Positive Factors Negative Factors

(that allow to achieve the objective) (that limit to achieve the objective)

Strengths Weaknesses

What do | do better than the Where or what do | need to
competition? improve?

Internal Factors
(attributes of the
organization)

Opportunities Threats

What trends can be taken as an
advantage?

What obstacles may arise?

External Factors
(attributes of the
environment)

Figure 6. Visual representation of the SWOT analysis and question that should be made to guarantee

an appropriate application. Own elaboration.
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Next, Table 2 outlines the main findings of the SWOT analysis carried out for the agri-
food sector with the aim of guiding the formulation of several strategies to shift towards a
more sustainable sector.

Table 2. Application of the SWOT analysis to implement circular economy strategies in the agri-food
sector.

Strengths

Weaknesses

e  Potential minimisation of waste streams: GHG emissions, e
plastic packages, food loss [12,55-58].
e  Valuable by-products that could be reused, recycled or .

valorised [59,60].

Great capability to optimise the use of resources [61].
Easy to create synergies among different actors [62,63].

Stuck in traditional practices/technological and innovative
immaturity [64].

Difficulties of the actors to invest in innovation and
technologies [64].

Lack of awareness of the benefits that some circular
economy strategies could provide [64].

o  Complexity of the sector [65].

Opportunities

Threats

. Existence of policies concerned about the environmental
impacts of the sector [66-68].
Agri-food chain is a strategic sector [23,69,70].
New business and market opportunities [62,63,71].

Climate change effects [64,72,73].

Water crisis [74,75].

Great dependency on public subsides [76].

Rural exodus and ageing of the population engaged in
agriculture [77].

4.2. Translating SWOT Results into Circular Economy Strategies

By aligning internal strengths with external opportunities, and addressing weaknesses
and threats through targeted actions, context-specific interventions can be set. This ap-
proach is grounded in the logical integration of SWOT analysis elements, guided by four
key strategic alignment questions that facilitate a comprehensive and solution-oriented
planning process [78]:

e SO (Strength-Opportunity) Combinations: Which strengths can be leveraged to take
advantage of opportunities?

o TW (Threat-Weakness) Combinations: Which weaknesses, when paired with threats,
highlight the need for policy or institutional intervention?

e TS (Threat-Strength) Combinations: Which strengths can help mitigate specific threats?

e WO (Weakness—Opportunity) Combinations: Which opportunities can be used to
overcome internal weaknesses?

Based on this procedure and considering the specific characteristics and challenges of
the agri-food sector, the experts consulted in this study identified the following circular
economic strategies as having the greatest potential impact on the sector (Table 3):

Table 3. Circular Strategies for the Spanish Agri-Food Sector based on the SWOT analysis developed.

Target

Circular Strategy Improved Description Applied SWOT Combination

Improving the efficiency of the
production system

Promote the transition to clean
technologies, process
digitalization, artificial
intelligence, and precision
agriculture to improve resource
efficiency and traceability.

WO: Tackles the lack of
innovation and technological
maturity by leveraging
environmental policies and the
sector’s strategic relevance.

1. Implementation of Green
Technology and Innovation

Implement training programmes
and promote best circular
practices for farmers, processors,
and distributors. Strengthen
awareness of the economic and
environmental benefits

of circularity.

WO: Addresses the lack of
awareness and sector complexity
by taking advantage of
institutional frameworks and
market opportunities.

2. Building Knowledge
and Awareness
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Table 3. Cont.

Target

Circular Strategy

Improved Description

Applied SWOT Combination

Improving the efficiency of the
production system

3. Resilience Strategies Against
Global Risks

Develop adaptive, diversified,
and resilient production systems
that reduce vulnerability to
external shocks (climatic,
economic, demographic).

WT: Addresses threats such as
climate change, water crisis, and
subsidy dependence by
mitigating vulnerabilities in
current production systems.

4. Revitalization of the industry

Stimulate circular
entrepreneurship in rural areas
through incentives, green
cooperatives, bioeconomy, and
regenerative agri-food models.

WT: Addresses rural exodus and
subsidy dependency by
generating new local

circular opportunities.

Reducing the consumption
of resources

5. Minimising the Dependency on
Chemical Products

Reduce reliance on conventional
fertilisers and pesticides by
promoting biofertilizers,
biological control methods, and
agroecological practices.

ST: Minimises emissions and
waste by leveraging subproducts
and inter-sectoral synergies.

6. Optimising Water Resources

Promote efficient water use
through smart irrigation
technologies, water reuse systems,
and drought-tolerant crops.

ST: Uses the sector’s resource
optimisation capacity to counter
threats like climate change and
water scarcity.

Minimising the generation
of waste

7. Mitigating Greenhouse
Gas Footprint

Promote energy efficiency and
renewable energy adoption across
the entire agri-food chain. Replace
fossil fuels, improve logistics, and
encourage carbon footprint
certification schemes.

SO/ST: Building on the strength
of potential minimisation of GHG
emissions this strategy responds
to threats posed by climate
change and aligns with national
and EU climate goals.

8. Minimising Food Loss
and Waste

Develop integrated systems for
collecting, redistributing,
processing, and valorising food
surpluses for human, animal, or
energy use.

SO: Uses the waste minimization
potential and subproducts to
create circular business models.

9. Limiting Non-Reusable Plastic
Packaging Consumption

Promote reusable, biodegradable,
or compostable packaging
through incentives and
regulations that accelerate the
sector’s transition.

SO/ST: Reduces the waste
footprint with circular solutions in
the face of regulatory and
environmental threats.

10. Territorial Synergies and
Cross-Industry Collaboration
(Industrial Symbiosis)

Promote connections between
sectors (e.g., livestock, food,
energy, biofertilizers) where waste
from one industry serves as input
for another.

SO: Leverages the potential for
synergies and valorised
subproducts to foster new
cooperative models.

4.2.1. Improving the Efficiency of the Production System

e Implementation of Green Technology and Innovation

One of the main weaknesses found in the sector is the lack of innovation and advanced
technology that facilitates work, improving the efficiency of productive activity while being
more respectful with the environment. For example, the use of drones or the installation
of sensors can help to detect or predict the water requirements of crops or even prevent
the presence of plagues before they infect plants or animals, thus reducing the amount
of resources to be used, such as water, pesticides or antibiotics, and offering healthier
and more sustainable products. Therefore, to promote technological development and
innovation in activities it is necessary to investin R + D + 1.

Another aspect that is worth highlighting is the need for investment in technologies to
improve energy efficiency in agricultural machinery, irrigation, farms and fishing fleets.
This will require, above all, helping small producers to acquire such technologies.

Besides promoting the use of more efficient technologies that assist practical tasks,
there are also other tools such as digitalisation that could turn into a great ally for the
implementation of the circular economy, thanks to their capacity to generate, analyse and
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share information between different actors, thus helping to optimise the management
of the resources used, the waste generated and the products created [79]. In this same
direction, the introduction of disruptive technologies [23,80], such as big data, artificial
intelligence or the internet of things, which help to predict and automatize processes
and even the organisation, improving its efficiency, can also be very useful. This type of
new and innovative technology has great potential to be applied throughout the entire
agri-food chain.

e  Building Knowledge and Awareness

In order to introduce technology and innovation in the sector, it is necessary to raise
awareness of the necessity and applicability of the measures or techniques that are being
implemented; therefore, training and awareness-raising of all stakeholders involved in the
production sector is a fundamental tool to ensure a more efficient sector. In this regard, it is
essential to provide access to lifelong learning opportunities and to provide incentives for
those who continue training.

However, where the greatest effort is required in this respect is again in the productive
sector, where traditional agricultural, livestock and fishing practices are still deeply rooted,
in many cases due to a lack of knowledge or distrust of more innovative and efficient prac-
tices. To overcome this barrier, the creation of training programmes on sustainability, eco-
logical or digital agriculture/livestock/fishing, sustainable agricultural/livestock/fishing
practices, innovation linked to the Sustainable Development Goals (SDGs), the circular
economy, climate change, etc., can be extremely useful, raising awareness and promoting
the most sustainable practices capable of protecting the environment through a more effi-
cient management of natural resources and waste, and improving the well-being of rural
communities, guaranteeing the future demand for food under sustainable principles.

Some specific areas where training and awareness-raising can be of great help in order
to protect the environment and marine and terrestrial ecosystems are presented below.
Concerning the agriculture sector, training on organic and sustainable agriculture, with an
emphasis on maintaining soil fertility and productivity, through crop rotation programmes,
using high-yielding seeds or using organic nutrients, is essential. Within the fishing sector,
training in sustainable practices in terms of fisheries is useful to avoid practices that put at
risk vulnerable marine species and resources along the whole supply chain, as well as not
trading with endangered species or contracting with suppliers that promote illegal fishing.

e  Resilience Strategies Against Global Risks

As is well known, climate change has become one of the primary concerns of our
global society due to its impacts on the environment and people. In recent years, the
effects of climate change have been particularly notable in the Mediterranean region, where
extreme temperatures have been recorded, precipitation has significantly decreased, and
the average sea water temperature has increased by approximately 2 °C compared to the
reference period of 1982-2015.

These alterations have very significant negative impacts on the agricultural sector, as
the decrease in precipitation, coupled with rising temperatures, hinders the fulfilment of
water needs to meet crop water demand. Moreover, the increase in temperatures itself
disrupts the life cycle of crops and pollinating organisms. Additionally, this temperature
rise also escalates the risk of crop infestations due to a higher incidence of plant pests and
diseases. According to [81,82], the effects of climate change disturb the nutrient balance
in the soil. Other authors point out that climate change has increased the frequency and
severity of wildfires, jeopardising existing crop fields.

All the aforementioned aspects disrupt agricultural production, thereby posing a risk
to the agri-food sector and the nutritional demands of society. Therefore, it is imperative to
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urgently introduce mitigation measures to ensure the economic balance of the agri-food
sector and guarantee the fulfilment of global food demand. Integrated mitigation plans
must be designed at the local, regional, and national levels to respond to and alleviate the
negative effects that climate change may generate on crops and livestock due to natural
disasters or environmental impacts. Likewise, the training of agricultural workers is
fundamental and necessary to familiarise them with and implement practices that offer
greater resilience to these factors, ensuring sustainable agricultural production.

e  Revitalization of the industry

The innovation in the sector stems not only from technology but also from generational
renewal. One of the primary characteristics of the agricultural sector is the involvement of
elderly individuals, it is estimated that only 14% of the farmers in the European Union are
less than 40 years [83], coupled with the abandonment of agricultural practices due to the
rural exodus that has occurred in recent years [77]. In order to prevent rural depopulation
and ensure the continuity of the primary sector, it is necessary to encourage and promote
life in rural areas through campaigns, such as those already undertaken, as well as the
recruitment and training of young people or individuals in vulnerable situations in the
local communities where companies engaged in the agri-food sector are operating.

4.2.2. Reducing the Consumption of Resources

e  Minimising the Dependency on Chemical Products

The reduction in chemicals in agriculture is an increasingly important issue in the
context of sustainability and environmental preservation. Traditional agriculture has often
relied heavily on the use of chemical pesticides and fertilisers to increase productivity and
protect crops from pests and diseases, overlooking the problems these substances create for
human health, biodiversity, soil and water quality [5-7]. The use of sustainable agricultural
technology and practices such as crop rotation, composting or biological control become
alternative methods to the use of chemicals, without reducing or even increasing crop
productivity. However, the path towards a greener and more balanced agriculture requires
a continued commitment from farmers, scientists, governments and consumers to foster
innovation and ensure long-term food security.

o  Optimising Water Resources

We are currently facing an unprecedented water crisis, arising as a result of the
excessive use of water resources to meet the demand for drinking water or to support
agricultural, livestock and industrial production. The overexploitation of water resources
together with the pollution of water bodies has significantly reduced the availability of the
resource, both in quantity and quality, a situation that has been exacerbated by the effects
of climate change. Water scarcity has become a challenge not only at the local or regional
level, but also at the global level, requiring the implementation of urgent measures for
more efficient and sustainable water management.

The agricultural sector has been and is still the main consumer of water; therefore,
this situation puts its continuity and economic development, and consequently that of the
agri-food sector as a whole, at risk [74]. Therefore, it is necessary to implement measures to
ensure sustainable water management by investing in technologies that improve the short
and long-term efficient use of water through a strict policy of consumption and reuse. It is
also advisable to promote the use of technologies that minimise water use in agriculture,
based on drop irrigation systems or systems that monitor the water requirements of crops
in order to optimise the use of water while maximising the production. The use of non-
conventional resources such as reclaimed water is presented as an opportunity to meet
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water demands without reducing the economic growth and development but minimising
the pressure on water bodies.

However, the implementation of a more efficient and sustainable management should
not only be applied in the agricultural sector, but it must be broadened to the whole
chain. There are industrial processes related to the food processing that require the use of
great volumes of water [84], for which reason the implementation of measures to promote
water saving and recovery in the processing of food products is essential to guarantee the
sustainability of water resources and of the agri-food sector as a whole.

4.2.3. Minimising the Generation of Waste

e  Mitigating Greenhouse Gas Footprint

Changes in the agricultural production system throughout the 20th century resulting
from the mechanisation of agricultural practices and greater industrialisation in the post-
production stages have made the agri-food sector a high energy consumer, most of which
comes from non-renewable sources [85]. Agriculture is considered to be mainly responsible
for direct greenhouse gas emissions as a consequence of the use of traction machines,
and indirectly for pumping water in irrigation systems or the manufacture of fertilisers,
pesticides and greenhouse materials. It is estimated that the agri-food sector, and specifically
agriculture, is responsible for the 18% of the diffuse emissions generated in Spain, which
our country is committed to decrease by 26% until 2030 in the Paris Agreement ratified
at the beginning of [43]. This highlights the need to implement strategies to mitigate the
generation of greenhouse gases. However, as [85] point out, it is necessary to extend these
measures to all activities in the agri-food sector, as it has been observed that in recent years
energy consumption has escalated in the rest of the agri-food chain as a result of a change
in our diet towards more processed food (Figure 7).

73%

2z Supply chain

z Livestock and

27%
aquaculture

= Crop production

= Land use changes

GHG emissionofthe GHG emission of the
the other sectors Agri-food sector

Figure 7. Greenhouse gas emissions from the agri-food sector. Source: Adapted from [85].

In order to reduce GHG emissions, it is crucial to reduce the use of fossil fuels in all
operations and activities involved in the agri-food sector, replacing the electromechan-
ical equipment involved in the processes with less energy-intensive and more efficient
equipment and, if possible, replacing the energy supply through fossil energy sources with
renewable sources of energy. Another key aspect is the improvement of product logistics
management, for example, digitalisation can be very useful in optimising transport routes,
thus reducing CO, emissions. Nevertheless, to ensure the effective implementation of these
practices, it is essential to train and raise awareness among all stakeholders, and to develop
strategies that establish clear short- and long-term objectives to reduce CO, emissions
and combat climate change, as well as to implement certification systems that encourage
companies to apply more sustainable practices in terms of greenhouse gas emissions.

e  Minimising Food Loss and Waste
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According to the data presented in [43], an estimated 40% to 60% of the food produced
is wasted. Approximately half of this percentage is lost before food products reach final
consumers, a situation that could be mitigated through improvements in the efficiency of
conservation and transportation systems. Additionally, addressing food waste in direct
consumption is crucial, requiring awareness campaigns to promote responsible purchasing
by consumers.

However, the food service sector also significantly contributes to food waste, where a
substantial amount of food goes unconsumed and is ultimately discarded [86]. Reducing
this waste involves not only better management of food quantities but also the implemen-
tation of efficient conservation systems that enable the utilisation of foods or products not
served [87]. This approach not only benefits the environment by reducing waste genera-
tion but also contributes to economic efficiency by maximising the utilisation of available
food resources.

Raising awareness and adopting sustainable practices at all levels of the food chain are
essential to address this challenge and work towards a more efficient and sustainable food
system [88]. The collaboration of stakeholders, including producers, distributors, retailers,
and consumers, is key to implementing effective strategies that can result in a significant
reduction in food waste, promoting a more responsible and sustainable approach to food
consumption and production.

e  Limiting Non-Reusable Plastic Packaging Consumption

The imperative of sustainable packaging management, particularly in the case of
plastic, underlines the urgent need for transformative action. With over 95% of the eco-
nomic value of plastic packaging lost and only 15% recovered for recycling [89], there is
a significant opportunity to notably increase the amount of material recycled. However,
achieving this will require not only a significant change in consumer behaviour, but also
the implementation of innovative technological processes to recover the material currently
lost to landfill [90].

A key strategy for achieving sustainability is to reduce and optimise the use of plas-
tics in packaging, while promoting and substituting plastics with more environmentally
friendly materials [91]. The use of biodegradable materials and the promotion of coopera-
tion within the value chain to encourage reuse and recycling are integral aspects of this
strategy. The choice of sustainable materials not only reduces the environmental footprint of
products but also plays an important role in encouraging more responsible practices within
the sector. However, for this approach to be effective, it is essential that an appropriate
management system and infrastructure is developed at the same time and that consumers
are clearly informed about the use and ultimate disposal of these materials.

The transition to sustainable packaging management requires a multi-faceted approach
that includes changes in consumer behaviour, technological innovation and a comprehen-
sive shift towards environmentally friendly materials [92]. This holistic strategy not only
addresses the current challenges of economic and environmental loss but also sets the stage
for a more responsible and sustainable future for the packaging industry.

e  Territorial Synergies and Cross-Industry Collaboration (Industrial Symbiosis)

Industrial symbiosis can become the perfect ally for the transformation of the cur-
rent agri-food sector into a more sustainable and circular economic system. Industrial
symbiosis is presented as a model of industrial ecology, where the fundamental aspect
is the collaboration and productive synergy that can exist between different economic or
industrial activities as a result of the exchange and sharing of resources [93]. Through this
collaboration, resources are exchanged, which in some cases are the waste or by-products
of one industry or industrial process becoming raw material for another. The application of
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this concept allows materials to be used more sustainably and contributes to the creation of
a circular economy.

Promoting the generation of energy from food waste that is no longer fit for consump-
tion is an effective strategy to produce electricity and biogas without causing damage to the
environment. This innovative approach not only reduces food waste, but also contributes
to the generation of more sustainable energy sources. In addition, building partnerships
between companies in the agri-food sector emerges as a key pillar to enhance sustainable
innovation throughout the value chain. Collaboration between these actors enables the
exchange of knowledge, resources and technologies, promoting more responsible and
efficient practices in food production and distribution. In the field of logistics, collaboration
between all companies in the agri-food chain is an opportunity to improve transport and
distribution services for goods. Optimising available routes and loads not only reduces
costs, but also contributes significantly to sustainability by reducing the environmental
footprint associated with the transport of products. Furthermore, public-private partner-
ships are a powerful strategy to realise projects that contribute to achieving the principles
of the circular economy. Figure 8 offers an example of how industrial symbiosis could be
implemented in the agri-food sector.
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Figure 8. Example of industrial symbiosis in the agri-food sector (yellow arrows represent waste
generated, and blue arrows represent the resources). Source: own elaboration.

It can be said that industrial symbiosis falls under the paradigm of the circular econ-
omy, understanding it as a strategy or tool that acts fundamentally on the industrial and
productive sector, transforming it into a more sustainable productive system. In short,
the active participation of civil society, the public sector, the academic world and other
companies in these alliances guarantees an integral perspective and the achievement of
objectives that promote social and environmental well-being.

5. Research Gaps and Emerging Challenges

Achieving a sustainable agri-food system that fully aligns with European objectives
requires more than simply identifying strategic areas of action; it necessitates a thorough
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examination and careful design of targeted financing mechanisms capable of ensuring the
feasibility of essential investments.

Investment in technological innovation is particularly critical to modernising produc-
tion processes, optimising resource use, and enhancing the valorisation of by-products.
Nevertheless, such efforts entail substantial costs that are often difficult for enterprises,
especially for small and medium-sized ones, to assume without access to adequate financial
instruments. In this regard, it becomes crucial to evaluate a range of alternatives, including
European funds, national subsidies, concessional credit lines, and tax incentives, which
may help reduce financial barriers to innovation.

Equally important is the creation of collaborative networks capable of generating
synergies both within the agri-food sector and across other industries through industrial
symbiosis. These networks have the potential to optimise resource flows and contribute to
the zero-waste target, but they also require financial resources to support shared infrastruc-
tures, information-exchange platforms, and pilot initiatives.

Accordingly, greater emphasis should be placed on the detailed exploration of diverse
financing frameworks that combine public and private instruments at both national and
international levels, with the objective of providing flexible solutions adapted to the specific
characteristics and needs of each subsector. Only through a comprehensive and well-
founded financial approach will it be possible to ensure that investments in technology,
industrial symbiosis networks, and zero-waste platforms generate sustainable and long-
lasting outcomes.

6. Conclusions

The agri-food sector is not only a crucial supplier of food globally, but also has a sig-
nificant influence on the economy, employment and cultural identity, being a fundamental
pillar in the sustainability and integral development of communities. As it has been demon-
strated throughout the study with the Spanish figures, the agri-food sector is fundamental
to the country’s economy, providing employment and contributing significantly to the
GDP, but at the international level it is a key player in the production and export of food.
The continuous expansion and development of these subsectors contribute significantly
to the national and international economic panorama, consolidating Spain as a reference
in the agri-food industry. However, as it has been shown, in order to continue with the
development and guarantee the economic, environmental and social balance of the sector, it
is necessary to implement a range of measures to make it more sustainable in the long term.

To achieve this objective, a series of measures based on the basic principles of the
circular economy are proposed, the aim of which is to promote strategies based on the
reduction, reuse, recycling and recovery of products throughout all stages of the produc-
tion, distribution and consumption cycle, remaining in the economic system for as long
as possible, contributing to the preservation of natural resources, minimising the environ-
mental impact and promoting the resilience of the sector in the face of future challenges.
The effective implementation of these practices not only brings benefits to producers, but
also aligns with the growing expectations of consumers in terms of sustainability and
environmental responsibility.

Therefore, the circular economy stands as a key component in safeguarding the health
of the planet and improving people’s quality of life in a sustainable way. By promoting
responsible practices and efficient resource management, this model contributes to building
a more equitable and resilient society committed to preserving the natural environment for
present and future generations. Its successful implementation requires the active collabo-
ration of governments, businesses and citizens, establishing a comprehensive framework
that drives the widespread adoption of circular practices.
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