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Abstract: The circular economy is a tangible paradigm in response to the unsustainable model of
production and consumption of resources in the agri-food system. The circular economy allows for
a reduction in the environmental impact through the minimization of food waste or the maximal
generation of renewable energy from waste. Despite the relevance, in the extant literature, there are
scant indications on how to apply circular business models in agri-food systems. Hence, the paper
aims to analyze the circular economy implementation level in the agri-food system in 29 European
countries, focusing on specific circular economy strategies. Selected indicators were analyzed to
evaluate the level of circular economy implementation in the agri-food system (e.g., production
values, energy sharing from renewable sources, and total waste emission) using a Panel data analysis
method. The required variables were gained from the global databases within the recent five years
(2014–2018). The results reveal an overall lack of circular economy implementation in the agri-food
systems among European countries. A set of 12 managerial propositions was suggested to foster the
implementation of the circular business models by interacting the recycling, extending, intensifying,
and dematerializing strategies with aspects of the production process, waste emission, and renewable
energy sharing in the agri-food system.

Keywords: circular economy; agri-food; food production; food waste; panel data analysis; European
countries

1. Introduction

The global food system is currently experiencing a multitude of challenges that un-
dermine its future and its ability to satisfy the growing demand for food. Given that the
demographic growth is expected to reach 9.1 billion in 2050, feeding the global population
will require food production to increase by 60–70% from 2005 levels 25. Ironically, a third
of global food production is wasted each year, accounting for 1.3 billion tons lost each
year [1]. Furthermore, the food system contributes to other environmental issues like
climate change, generating one-quarter of global greenhouse gas emissions and directly
impacting biodiversity and ecosystems [2]. At the same time, the food production system
also entails numerous socioeconomic problems like labor and food worker issues, as well
as negative impacts on vulnerable communities [2,3].

The challenges of the food system appear to be interconnected and self-reinforcing,
while their outcomes are causing impact on a global scale, making it challenging to satisfy
the growing demand while allowing for a reduction in the impacts [4].

The adoption of the circular economy (CE) paradigm in the agri-food sector has
recently received attention in research and academic literature e.g., [5,6] as a potential way
to overcome the aforementioned challenges. Specifically, the adoption of circular business

Sustainability 2024, 16, 9497. https://doi.org/10.3390/su16219497 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16219497
https://doi.org/10.3390/su16219497
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-1060-6316
https://orcid.org/0000-0001-8954-5928
https://doi.org/10.3390/su16219497
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16219497?type=check_update&version=2


Sustainability 2024, 16, 9497 2 of 16

models (CBMs) has the potential to help food systems in valorizing resources and waste
material, adopting practices like the recovery and recycling of materials along the food
supply chain [7]. Additionally, the CE practices within the agri-food sector also hold the
potential to improve environmental conditions, enhancing, for instance, soil fertility [8].

However, the existing research has conducted little investigation into the level of
implementation of the CE within the agri-food system, and there have been recent calls
to conduct a circularity analysis of agri-food companies [9,10]. Moreover, little is known
about the enablers and facilitators of CE practices and CBMs within the agri-food industry.
Presently, leadership and legislation have been recognized as relevant factors for the
adoption of circular strategies, but more research is needed to understand how to apply CE
and CBMs in agri-food companies, calling for additional research on the topic [11,12].

The valorization of supply–demand in the global food system is of paramount rel-
evance for worldwide sustainable development. As the world’s population grows, the
global food demand will grow significantly, and feeding a world population of 9.1 billion in
2050 will require food production to increase by 60–70% from 2005 levels [13]. On the other
hand, a third of global food production is wasted each year, amounting to about 1.3 billion
tons [1]. Furthermore, the agri-food system is responsible for almost one-quarter of global
greenhouse gas emissions [2], and it is one of the main contributors to global environmental
change, entailing many socio-economic negative effects [3] as it encompasses a multitude
of actors, elements, and processes, i.e., production, processing, distribution, preparation,
consumption, and disposal of food [2].

Thus, the global food system faces several interlinked problems with serious outcomes
on the global scale, including growing consumer demand and excessive food waste [4,14].
The adoption of the circular economy (CE) paradigm in the agri-food sector has received
attention in research and academic literature e.g., [5,6], specifically for the possible adoption
of circular business models (CBMs). CE has the potential to help the agri-food sector
by recovering/recycling agri-food waste and might also improve the agri-food supply
chain [7], for example, through practices that support the restoration of soil fertility [8].

Although some elements, such as leadership and legislation, have been recognized as
enabling factors [15], clear indications on how to apply CE and CBMs in agri-food systems
are scant, calling for additional research on the topic [11,12]. Recently, refs. [9,10] encour-
aged further studies to focus on the interest of agri-food enterprises in a circularity analysis.

Given the above, the present study aims to propose an analysis of the level of CE
implementation in the agri-food system at the country level and to provide concrete
guidelines for managers and policy-makers who want to contribute to CE in the agri-food
system. In more detail, the research aims to answer the following research questions:

RQ1. What is the circular economy implementation level in the agri-food system in
European countries?

RQ2. How can the implementation of circular economy practices in the agri-food
sector be effectively promoted in European countries?

The remainder of the paper is as follows: After a literature review and development of
research hypotheses (Section 2), the methods used for the analysis are presented (Section 3);
the results from the empirical investigation are presented (Section 4) and research questions
are answered (Section 5); and the conclusions of the study are offered, together with
limitations paving the way for future research (Section 6).

2. Literature Background and Hypotheses Development
2.1. Circular Economy and Business Models

Growing in the circular economy in response to the current unsustainable model
of production and consumption resources is currently very tangible [10]. The circular
economy is a powerful paradigm to address sustainability issues focusing on narrowing
and regenerating resource loops [16]. The circular economy is gaining traction in academia,
industry, and policy making as an alternative model that minimizes resource depletion,
waste, and emissions. This concept is defined as a production and consumption model,
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which involves sharing, renting, reusing, repairing, renovating, and recycling existing
materials and products for as long as possible and reducing waste [10,17].

A business model is a strategic tool for designing business activities as well as for
comprehensive, cross-company description and analysis [18]. However, the concept of
circularity in business models has emerged with a range of definitions propounded by
different scholars [19]. For instance, ref. [20] define circularity as business model strategies
suited for the move to a circular economy, and ref. [21] define it as a business model with the
conceptual logic for value creation. More recently, ref. [11] proposed the implementation of
circularity strategies (i.e., recycling, extending, intensifying, and dematerializing) affecting
business model elements (i.e., value proposition, value creation and delivery, and value cap-
ture) compiled from the published literature [11,20,22,23]. Furthermore, several circularity
strategies exist to reduce the consumption of natural resources and materials and minimize
the production of waste, including nine strategies: refuse, rethink, reduce, reuse, repair,
refurbish, remanufacture, repurpose, recycle, and recover [24]. In this regard, ref. [24] have
noted that a higher level of circularity strategy [25], e.g., refuse, rethink, reduce, reuse,
repair, refurbish, remanufacture, and repurpose, in production means that materials remain
in the chain for a longer period. However, this definition of the circularity strategy cannot
be adapted adequately in the agro-food system [26] because agro-food production has a
limited lifetime without the possibility to implement strategies such as reuse, repair, or
remanufacture. Hence, our consideration of circularity strategies should be focused on
more innovative technologies in circular strategies such as recycling and recovering.

2.2. Recycling, Agro-Food Industry, and CBMs

CBMs aim to boost recycling and loss prevention of valuable materials [18]. Recycling
entails the implementation of a number of end-of-use strategies, such as reuse, repair, and
remanufacturing, involving take-back in the value proposition and minimized costs of
material acquisition in the value capture of each CBM [11]. To transition to more sustainable
development models, the agro-food industry needs to be in line with the principles of
the circular economy, particularly to face future challenges by recycling and recovering
resources [27,28]. In this regard, restorative or regenerative agro-food systems can imply the
creation of opportunities from the use of renewable energy of waste through the superior
design of materials, products, systems, and even business models [10].

2.3. Renewable Energy and Waste Emission in Food Production

Renewable energy, as an important pillar of the circular economy, decreases waste
generation and the extraction of limited resources. A resource-efficient CBM optimizes
production and consumption concerning resource saving (de-materialization), recycling of
energy, and reusing (re-materialization) [29]. Also, the recovery of food waste is one of the
most important elements in the CBMs to decrease environmental pressure and preservation
of values [28]. The current agro-food supply chain is affected by different problems, such
as food waste generation. Food waste is one of the targeted areas in the circular economy at
the global level, directly linked with environmental, economic, and social impacts [30]. The
advantages of circularity approaches are attributable to the reduction in the environmental
impact through the minimization of food waste, the reduction in price volatility, and
increased generation of renewable energy from wastes [10,31].

With this background, the research hypotheses are developed based on a research
model (Figure 1). Conventionally, the development of higher technologies in agro-food
production can result in higher levels of sharing renewable energy, lower waste emissions,
and higher efficiency [32]. Inspired by a direct relationship between the sharing of renew-
able energy and agro-food production, we can confirm the recycling function of circular
businesses and the circular economy in the given study area. The vice-versa relationship
relates to a significant lack of CBMs within the agro-food system. Furthermore, in a circular
economy, a higher level of agro-food production should result in lower waste emissions.
Hence, we obtain the following main hypotheses:
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H1. A higher level of agro-food production can lead to a higher level of renewable energy from the
agro-food system.

H2. A higher level of agro-food production can lead to a lower level of total waste emissions from the
agro-food system.

3. Materials and Methods
3.1. Data Preparation

Our paper statistically employs a panel data analysis, adopted by [33,34] to analyze the
lack of CBMs in the current situation of the agro-food system among European countries.
A very recent use of panel data analysis to evaluate the circularity rate of the European
countries can be observed in the work of [35], revealing the successful role of the method
in the analysis of the relationships. The variables required to join the model after the
national level are settled on the relevant global databases comprising the [36] and [37],
and the required data were gained directly from the databases within the last five years
(2014–2018). As mentioned by [38], the databases were considered through the international
verified data centers for agro-food and environmental subjects to confirm the relevance and
feasibility of the chosen variables of this study in the field of energy balance and agro-food
systems comprising production, recycling, and waste categories. Two dependent variables
of the “energy share from renewable sources including agro-food system” and “total waste
emission from agro-food system” were obtained for the recycling and waste categories.
Three variables of “production of meat”, “production of oil crops”, and “production of
vegetable oils” were gathered, representing the agro-food production category, and four
control variables of the Stata software 14 (“energy use in agriculture”, “electricity use in
agriculture”, “renewable biofuels from food industry”, and “use of renewable biofuels for
the food industry”) were assumed at the country level, explaining the input variables to
avoid any specification errors in the estimated model [39]. Also, the list of case studies
(countries) was selected based on the maximum registered countries (European Union
countries in addition to the UK) in the database of the European Agri-Food Data Portal
without data limitation (Table 1).

The research problem is that currently, there are no sound indicators for the analysis
of circularity in the agro-food system. To investigate this state, we used some indicators
to analyze the level of circularity in the agro-food system (e.g., production values, energy
sharing from renewable sources, and total waste emission) at the country level based on the
literature. The study will demonstrate the need for new circularity-based indicators and
propositions in the agro-food systems in European countries. The reason that we limited
our study to mentioned time-series (2014–2018) is because these are the only existing
variables that we could find through databases.
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Table 1. The summarized data for all variables in 2014 and in 2018.

Variable
Country

Production of
Meat

(K Tons)

Production of
Oil Crops
(K Tons)

Production of
Vegetable Oils

(K Tons)

Total Waste
Emission
(K Tons)

Renewable Energy
Sharing (%)

2014 2018 2014 2018 2014 2018 2014 2018 2014 2018

Austria 900 910 390 387 219 255 185.95 186.16 33.55 33.81

Belgium 1814 1825 66 54 989 1205 116.33 116.39 8.04 9.48

Bulgaria 206 233 2547 2411 398 536 6.92 6.96 18.05 20.59

Croatia 210 231 315 548 54 54 65.58 65.73 27.82 28.05

Czech 519 515 1644 1511 463 592 28.34 28.52 15.07 15.14

Denmark 1889 1876 709 489 221 249 13.41 13.41 29.32 35.41

Estonia 71 75 167 114 57 58 47.29 47.57 26.14 29.99

Finland 384 393 62 71 111 76 22.38 22.39 38.78 41.16

France 5520 5551 7486 6829 2878 2721 984.03 983.25 14.42 16.44

Germany 8351 8189 6329 3778 4521 4145 1823.34 1824.39 14.39 16.67

Greece 428 446 3278 3461 488 605 174.81 174.25 15.68 18.05

Hungary 888 1032 2440 3039 625 848 44.33 44.53 14.62 12.54

Iceland 32 34 0 0 0 0 0.25 0.26 73.08 76.69

Ireland 1024 1165 34 41 25 40 26.32 26.72 8.57 10.89

Italy 3378 3661 3591 3633 1139 1154 627.44 626.68 17.08 17.80

Latvia 85 92 187 238 65 59 29.46 29.57 38.63 40.03

Lithuania 227 251 506 444 83 89 17.45 17.52 23.59 24.70

Luxembourg 21 24 16 11 0 0 18.63 18.68 4.47 8.97

Malta 13 12 0 0 0 0 0.17 0.17 4.74 7.97

The Netherlands 2800 3012 161 65 1790 1765 592.21 592.77 5.42 7.34

Norway 345 359 10 7 89 93 12.43 12.37 68.21 71.80

Poland 4197 5260 3326 2170 1202 1278 188.62 189.14 11.61 11.48

Portugal 791 852 496 781 396 451 106.83 107.03 29.51 30.21

Romania 1054 1152 3476 5161 755 810 23.25 23.42 24.85 23.88

Slovakia 138 151 739 795 99 118 25.72 25.76 11.71 11.90

Slovenia 123 137 22 21 5 3 19.35 19.41 22.46 21.38

Spain 5722 7028 5728 11,066 2228 3363 290.28 290.65 16.16 17.45

Sweden 530 570 334 222 129 146 98.97 98.80 51.82 54.65

United Kingdom 3694 4086 2504 2061 1017 1048 935.41 933.18 6.74 11.14

As mentioned by [15], six factors can be classified as causal cases in circularity as gen-
eral subjects, including leadership, legislation, scarcity of resources, competition pressure,
knowledge of circularity practices, and research development. In this way, we need to
define dependent variables to gain the critical success factors. For assuming the circularity
in waste management, refs. [40,41] has pointed out some indicators to ensure circularity,
such as the generation of municipal waste per capita and the recycling rate of the overall
packaging. Except for the sound indicators, lack of legislation and lack of government
policies are revealed as the most important barriers toward circularity [42], belonging to
the development of circular models. Recently, [10]) demonstrated the growing interest
of agro-food enterprises in circular transition. As mentioned by [9], with a high level of
circularity through a strong partnership approach, the business actors will cooperate with
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joint instruction to multiply valorization pathways and develop new methods. To cope with
such a research stream, our research avenue is selected according to the “circular business
model tool” by [11], proposing the implementation of circular strategies (i.e., recycling)
affecting business model elements (i.e., value creation and delivery). According to [11], a
recycling strategy relates to the recycling of material and energy within the system through
reuse, remanufacturing, refurbishing, and recycling. Based on the mentioned construction
and value logic, for the consideration previously made regarding the relevance of waste
generation along the agro-food supply chain, our research can imply a section by address-
ing the value creation by recycling, including reprocessing, repairing, retailing, and reverse
supply chain [20,43,44]. The research framework is reported in Figure 1.

3.2. Data Analysis

The research stream of panel data modeling deals with complex constructs to test
relationships incorporated into an integrated model [45]. Panel models can be assumed
to analyze the data series through a random-effect model or a fixed-effect model [46].
Using fixed and random effects in a panel model analysis, the relationship between the
dependent variables and each group of independent variables is tested separately to avoid
any potential endogeneity. In the panel data analysis, the Hausman test is a specification
test for heterogeneity presence based on the difference between the fixed-effect (FE) and
random-effect (RE) estimators [47], which is performed using the automatic function within
the Stata software. Also, concerning the research method, the very recent use of panel data
analysis to evaluate the circularity rate of the European countries can be observed in the
work of [35], revealing the successful role of the method in circular analysis.

4. Results
4.1. Data Description

We skimmed the data obtained from the European Agri-Food Data Portal and World
Bank dataset. Two samples of raw data for the variables are given in Table 1 for the year
2014 and the year 2018.

Analysis of the raw data shows that Germany, Spain, and France have the highest
mean annual production of meat (~100,000 thousand tons), oil crops (~100,000 thousand
tons), and vegetable oils (10,000 thousand tons), respectively. The mentioned countries
have contributed to over 40–50% of the agri-food production in the European Union.

The highest values of total waste emission from the agri-food system, comprising
a mean annual amount of ~3700 tons to a total of ~6500 tons, also belong to Germany,
France, and the United Kingdom. The initial facts of high production and high waste
emission in the agri-food system reveal that the circular economy of the agri-food system
in the mentioned major countries is probably at a low level for the implementation of the
related strategies.

Furthermore, we observed that the highest values of energy sharing from renewable
sources belong to Iceland, Norway, and Sweden (annually above 50%). The same countries
are providing a negligible contribution to agri-food production among the European
countries. This outcome shows that the highest energy sharing from renewable sources
in some countries, such as Norway, has no connection with its food production system.
Hence, this fact is another possible piece of evidence of the weak level of the agri-food
system in European countries.

4.2. Panel Data Analysis

The correlation matrix of the indicators was produced initially by panel data analysis
to affirm no significant collinearity between the dependent and independent variables [48].
The relationship between the dependent and independent variables was tested using fixed-
and random-effect model analysis to avoid any potential endogeneity (Hausman test). The
regression coefficients between three categories of agro-food production and renewable
energy sharing were produced using Stata (2014–2018), overall revealing no significant
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relationships (p-value > 0.1) between agro-food production and renewable energy sharing
(Table 2). On this basis, the first hypothesis (H1) can be rejected for the given study area
(29 European countries) in the respective time interval (2014–2018). This means that the
sharing of renewable energy has no direct relation with agro-food production, demonstrat-
ing the lack of recycling function of circularity within the agro-food system.

Table 2. Results of the panel data analysis revealing the production of meat: PM, production of oil
crops: PO, and production of vegetable oils: PV and their effects on renewable energy sharing: RE.

Variables PM PO PV

Renewable energy sharing: RE
−5.33 −23.87 7.95

10.83 18.55 12.18

Energy use in agriculture: EN
0.02 * 0.01 0.00

0.00 0.01 0.00

Electricity use in agriculture: EL
0.04 * 0.03 0.00

0.01 0.04 0.02

Renewable bio-fuels from food industry: R from F
0.04 −0.02 −0.06 *

0.03 0.08 0.03

Renewable bio-fuel for food industry: R for F
0.07 0.17 0.11

0.07 0.19 0.08

Tests

R2 0.81 0.46 0.07

F-test 0.00 0.00 0.49

p value 0.00 1.44 0.00

Hausman test (Fixed) (Random) (Fixed)

Observations 145 145 145

Groups 29 29 29
Coefficients (std. error) * depend on the p values < 0.1.

From the other side, the regression coefficients between three categories of agro-
food production and total waste emission were produced and overall revealed significant
relationships (p-value < 0.1) between agro-food production (at least production of meat and
vegetable oils) and total waste emission from the agro-food system (Table 3). On this basis,
the second hypothesis (H2) can be also rejected for the given study area in the respective
time interval (2014–2018). This means that the total waste emission has a direct relation
with agro-food production, demonstrating no recycling of renewable bio-fuels from the
agro-food system in the study areas. Based on the outputs of the statistical and rejected
hypotheses, we can say that the circularity level of the agro-food system in the European
countries is low. The full results revealed that the European countries seriously need to
implement new circularity-based policies and indicators in the agro-food systems.

Table 3. Results of the panel data analysis revealing the production of meat: PM, production of oil
crops: PO, and production of vegetable oils: PV and their effects on the total waste emission: WE.

Variables PM PO PV

Total waste emission: WE
1.56 * 1.15 1.60 *

0.51 1.28 0.35

Energy use in agriculture: EN
0.02 * 0.01 * 0.01 *

0.00 0.01 0.00
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Table 3. Cont.

Variables PM PO PV

Electricity use in agriculture: EL
0.03 * 0.02 0.01

0.01 0.04 0.01

Renewable bio-fuels from food industry: R from F
0.05 * −0.07 −0.02

0.02 0.08 0.02

Renewable bio-fuel for food industry: R for F
0.02 0.19 0.05

0.06 0.19 0.05

Tests

R2 0.85 0.41 0.80

F-test 0.00 0.00 0.00

p value 1.11 1.57 1.15

Hausman test (Random) (Random) (Random)

Observations 145 145 145

Groups 29 29 29
Coefficients (std. error) * depend on the p values < 0.1.

4.3. Hierarchical Clustering

The model confirmed that the sharing of renewable energy (as an indicator of circular
economy implication) has no direct relationship with the agri-food system in the given
periods and study countries. The findings are aligned with insights derived from the
data description, revealing the low level of circular economy implementation in the agri-
food system, particularly in Germany and France, which have high rates of agri-food
production. On this basis, we can classify the countries using the hierarchical cluster
analysis (HCA) approach. The HCA approach is a way to cluster the countries by using
Ward’s method and a proximity matrix based on squared Euclidean distance [42]. Based
on the interrelated homogeneity of the variables and proximity matrix of the countries
(Table 4), the consequent clustering dendrogram (Figure 2) illustrated two main clusters,
namely A and B. Cluster A includes six countries, i.e., France, Spain, Germany, Italy, the
United Kingdom, and the Netherlands, which, on average, had high values of agri-food
production in addition to high amounts of agri-food waste from 2014 to 2018. Cluster B
includes other cases, i.e., 23 countries, which, on average, had low values of agri-food
production but presented high shares of energy from refinery sources in the agri-food
system. Cluster A thus includes countries with critical statuses in the agri-food system
and with low levels of circular economy implementation. According to research by [9]
focusing on some cases of aforementioned countries such as France, Germany, Italy, and the
Netherlands, the conceptual and management insights into circularity levels are still sparse.
However, these countries have the largest estimated agricultural bio-energy potential from
the agro-food system [32].

Table 4. Average values of proximity matrix between 29 countries.

Country Name Value

Austria 3.55

Belgium 3.91

Bulgaria 3.42

Croatia 3.64

Czech 3.61

Denmark 3.58
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Table 4. Cont.

Country Name Value

Estonia 3.81

Finland 4.56

France 12.06

Germany 26.61

Greece 3.22

Hungary 3.57

Iceland 12.35

Ireland 4.27

Italy 5.07

Latvia 4.45

Lithuania 3.68

Luxembourg 5.00

Malta 5.03

The Netherlands 4.95

Norway 10.79

Poland 4.40

Portugal 3.38

Romania 3.40

Slovakia 4.11

Slovenia 3.87

Spain 10.08

Sweden 6.36

United Kingdom 7.29
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While the analysis identified that the aforementioned countries have high levels of
agri-food production, it is important to acknowledge that specific national policies can sig-
nificantly influence their circular economy performance. Therefore, future research should
explore this matter within the countries to gain a more comprehensive understanding.

5. Discussion
5.1. Circular Economy Implementation Level in the Agri-Food System in European Countries

The first research question depends on the CE implementation level in the agri-food
system in European countries. The results of the HCA approach revealed that the critical
status in the agri-food system of the Europe region belongs to the six countries of France,
Spain, Germany, Italy, the United Kingdom, and the Netherlands, which have weak levels
of CE implementation among the study area’s countries.

Therefore, the second research question depends on the promotion of CE implementa-
tion in agri-food in European countries. According to [9]„ conceptual and management
insights into circular economy implementation are still sparse in some European countries,
such as France, Germany, Italy, and the Netherlands. However, these countries have the
largest estimated agricultural bio-energy potential from the agri-food system [32]. Hence,
the promotion of CE implementation in the study area needs to define the propositions for
promoting the actual CBMs working in the agri-food sector of the given countries.

5.2. Fostering the Circular Economy Implementation in Agri-Food in European Countries

For overcoming the critical status of implementation of a circular economy in the
European agri-food system, CBMs can be considered drivers of the flow of technical and bi-
ological circularity in the products, components, and materials, leading to reduced process
wastes [16]. In CBMs, we should help to find innovative solutions for the environmental
challenges in the agri-food system using a policy-based set of propositions. This means fo-
cusing on the guiding lines to circular, flexible, and zero-waste bio-refineries and integrating
biomass, bio-fuel, biomaterials, and bio-energy cycles [49].

Using the extracted variables from the datasets and based on the model projected
by [11], we proposed a set of three agri-food aspects, i.e., agri-food production, total waste
emission, and renewable energy sharing, to analyze the existence of the circular economy
implementation level in the agri-food systems of selected EU countries. The statistical
results confirmed no significant relationship (p-value > 0.1) between agri-food production
and renewable energy (rejecting the first hypothesis H1) and a direct relationship between
the total waste emission and agri-food production (rejecting the second hypothesis H2).
Overall, the results demonstrate the lack of CE implementations in agri-food CBMs within
the agri-food system in the study areas.

Suggestions and insights are thus needed to foster the implementation of a circular
economy in the specific context of an investigation, as well as circular-oriented business
solutions to improve the existing linear models [50,51]. From this line, we here suggest
propositions to improve the implementation of CBMs in the European agri-food system.
As noted by [9], the circular economy in the agri-food system is facing common challenges
such as climate-change sensitivity or increasing urbanization, resulting in uncertainties
about changing legislation, laws, and regulations on the valorization pathways. Hence,
managerial propositions of the circular economy should tackle the mentioned challenges
by supporting the implementation of CBMs in the agri-food sector. For this purpose, we
designed a matrix matching the four circular strategies suggested by [11], namely extending,
intensifying, dematerializing, and recycling, with three agri-food aspects, namely food
production, waste emission, and energy sharing.

As for the considered strategies [11], the extending strategy implies the extended use
of products through long-lasting design, maintenance, and repair; the intensifying strategy
implies the sharing economy and public uses; the dematerializing strategy describes the
provision of product utility using digitalized service and software solutions; and the recy-
cling strategy relates to the recycling of material and energy within the system. Considering
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the agri-food system, the production process involves a set of chaining segments e.g., agri-
cultural production and harvest, post-harvest operations, storage, packing, and processing
to retail [52]; food waste is one of the substantial issues directly related to production and
consumption [30]; and renewable energy decreases waste generation and the extraction of
limited resources [10].

The intersections of strategies and aspects led to the identification of 12 managerial
propositions, reported in Table 5. Propositions are indeed needed to promote CBMs [21]
and can be used to establish a dialogue between national policymakers and practitioners.

Table 5. Propositions in the agri-food CBMs.

Aspects Strategies Production Process [P] Waste Emission [W] Renewable Energy Sharing [E]

Extending [E] EP: Enhancing durability of the
agri-food products

EW: Cascading reuse to organic
feedstock farms

EE: Refurbishing and retrofitting
bio-fuel plants

Intensifying [I]
IP: Innovative transport

tracking and service
management

IW: Advanced system for
handling agri-food waste

IE: Retailing energy from
agri-food system

Dematerializing [D]
DP: Digital capabilities to

generate end-of-life packing
process

DW: Consumer education and
demand rationalization

DE: Technologies to create
marketable renewable energy

Recycling [R] RP: Biodegradable materials in
agri-food packing

RW: Zero-waste bio-refineries
processing

RE: Integrating biomass, bio-fuel,
biomaterials, and bio-energy

cycles

1. Enhancing durability of agri-food products [EP].

To enhance the durability of agri-food products, we propose extending product lifes-
pans through improving aspects of their production and consumption process, such as
packaging and storage. This aligns with the production process aspect, as it aims to
optimize the food supply chain from farm to fork, as suggested by [53] and [54].

2. Innovative transport tracking and service management [IP].

To optimize transport and logistics, innovative transport tracking and service man-
agement are proposed. This strategy aligns with the production process aspect as it also
reduces waste and increases efficiency through the supply chain, as was suggested by [55]
and [11].

3. Digitalization to generate end-of-life packing process [DP].

This strategy is proposed to leverage digital technology to optimize the end-of-life
packing process. By implementing this proposition, we can enable the recycling of valuable
resources efficiency. This strategy aims to reduce the physical aspect of packaging materials,
as suggested by [56] and [57].

4. Biodegradable materials in agri-food packing [RP].

To promote sustainable packing processes, we propose the adoption of biodegradable
materials in agri-food products. This strategy aligns with the recycling aspect, mini-
mizing environmental impact and returning materials to the natural cycle, as suggested
by [34,41,58]. Additionally, the use of biodegradable materials leads to cost reduction and
value being added to the agri-food system, as highlighted by [10].

5. Cascading reuse to organic feedstock farms [EW].

To improve waste management and the circular economy, we proposed cascading
the reuse to organic feedstock farms. This results in the creation of new products and
applications within the agri-food system, as suggested by [43]. This strategy aligns with
minimizing waste emissions and maximizing resource recovery.
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6. Advanced system for handling agri-food waste [IW].

We proposed to implement an advanced system for monitoring and handling agri-food
waste. This strategy aligns with maximizing the value and minimizing the environmental
impacts of waste. As suggested by [9], these systems help to create value from agri-food
waste and improve sustainability.

7. Consumer education and demand rationalization [DW].

This strategy is proposed to educate consumers about sustainable consumption prac-
tices and acceptance of dematerialized agri-food packing solutions. It aligns with mini-
mizing the material footprint of products [59]. As suggested by [60], increasing consumer
awareness can lead suitable consumption patterns.

8. Zero-waste bio-refinery process [RW].

To reduce waste emissions, we propose implementing a zero-waste bio-refinery pro-
cess. This strategy aligns with the recycling aspect as it aims to convert waste to energy.
As described by [9], the bio-refinery process can use a variety of technologies to recover
marketable energy from agri-food production, consumption, and waste management, such
as bio-fuels and bio-materials.

9. Refurbishing and retrofitting bio-fuel plants [EE].

To promote renewable energy, we proposed refurbishing and retrofitting bio-fuel
plants to enhance their efficiency and sustainability. This strategy aligns with the ex-
tending aspect, as it aims to maximize the lifetime. As suggested by [9], this can reduce
environmental impact and promote sustainable energy production.

10. Retailing energy from the agri-food system [IE].

This strategy is proposed for the utilization of renewable energy in the agri-food
system. It aims to optimize energy use and reduce external energy sources, as suggested
by [54].

11. Technologies to create marketable renewable energy [DE].

To promote the dematerialization of energy production, we propose the development
of technologies to create marketable renewable energy from agri-food waste. This strategy
aims to utilize renewable energy sources. Technologies, particularly in the production
process, can add value and contribute to a more sustainable future, as suggested by [9].

12. Integrating biomass, bio-fuel, biomaterials, and bio-energy cycles [RE].

To promote a circular economy in the agri-food system, we propose integrating
biomass, bio-fuel, biomaterials, and bio-energy cycles. This strategy aims to recover
valuable resources from waste. As suggested by [19] and [9], bio-refineries can play an
important role in this process and maximize the added value along three pillars of sustain-
ability: environment, economy, and society, along with minimizing waste.

To further illustrate the practical application of these circular economy strategies in
the agri-food system, it can be considered to encourage producers to design longer-lasting
and recyclable packaging; provide agricultural equipment for producers to reduce resource
consumption and costs and minimize food waste; promote ordering and food delivery
by using digital platforms to reduce packaging waste and optimize logistics; and manage
agricultural waste for conversion into valuable products. These examples can highlight the
potential of circular economy strategies to address challenges in the agri-food system.

6. Implications
6.1. Theoretical Implications

The current study provides several implications. Hence, the theoretical implication
calls for broader knowledge in the agro-food system when dealing with business models
and circularity analysis, which is especially important for CBMs to create added value
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tracking [19]. The current paper theoretically contributes to the literature on two types
of research by recent scholars. The first implication involves approaching the problem
of circularity measurement at the national level, which is not observed in the agro-food
system [12,61]. The second implication is complementing specific findings and models
in agro-food literature streams proposed by [10] and [9] using statistical analysis and a
policy-based framework.

6.2. Managerial Implications

Our paper will provide at least two main implications. First, it is relevant for manage-
rial practice, as it outlines a policy framework that adheres to circularity in the agro-food
system and makes these practices applicable for CBMs. The findings of the research can
improve the circular economy in different countries and call for a dialogue between na-
tional policy-makers and business stockholders, which was noted by [56,60]. Second, the
theoretical implication calls for a broader knowledge of the agro-food system dealing with
business models and circularity analysis, which is especially important for CBMs to create
added value tracking [19].

7. Conclusions

The present study contributes to a better understanding of the level of circular economy
adoption in the agri-food system in Europe and paves the way for further implementation
by presenting a set of managerial propositions. The research shows several implications.
As for academia, it calls for a broader knowledge of the agri-food system dealing with
CBMs and circular economy. The current paper theoretically contributes to the literature on
two types of recent scholarly research. The first implication is analyzing the level of circular
economy implementation, especially selecting appropriate indicators at the national level
(food production, waste, and energy sharing). The second implication is complementing
specific findings and models in agri-food literature streams proposed by [10] and [9] using
statistical analysis and a set of managerial propositions.

Concerning practitioners, propositions are offered to adhere to a circular economy
in the agri-food system; they can be proactive in adopting the mentioned propositions
to reduce and modify agri-food waste, linking to the circular economy through flows of
agri-food production and renewable bio-refinery energy.

The main limitation of this study depends on the availability of datasets for required
variables and indicators at the country level of circularity analysis. It seems that, to address
this issue, we need to prepare a broader set of raw and re-analyzed variables and indicators
at different scales from different databases. Another limitation relates to the construction of
the propositions. In the current study, we considered only one framework to propose the
managerial propositions, while in future research, a broader set of strategic models could be
created to obtain comprehensive policy-based recommendations. Moreover, future research
can consider the circularity analysis of agri-food indicators directly in the CBM levels. Our
research can pave the way for more research at the national level regarding the lack of CE
implementations in agri-food CBMs, which can be considered for further studies to make
the applicable governmental propositions.

Another limitation concerns the methodological approach. We adopted a quantitative
approach in order to understand the relationships between the indicators. Future studies
could use quantitative approaches by using interviews to better explain the implications by
defining several propositions.

The third limitation is that we only focused on the food industry. Although, through
our investigation, we attempted to fill existing gaps in the literature, future research could
make a comparison between two sectors (e.g., the fashion sector) to better describe the
finding and also to report on this compression among selected EU countries.
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