Pre prints.org

Article Not peer-reviewed version

Circular Economy in the Agri-Food
System at the Country Level. Evidence
from European Countries

FAHIMEH KHATAMI *, Enrico Cagno , Rayeheh Khatami

Posted Date: 7 October 2024
doi: 10.20944/preprints202410.0460.v1

Keywords: Circular Economy; Agri-Food; Food Production; Food Waste; Panel Data Analysis; European
Countries

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3425975
https://sciprofiles.com/profile/470118
https://sciprofiles.com/profile/3898918

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 October 2024 d0i:10.20944/preprints202410.0460.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Circular Economy in the Agri-Food System at the
Country Level. Evidence from European Countries

Fahimeh Khatami *, Enrico Cagno 2 and Rayeheh Khatami 3

1 Department of Management and Technology, DIRB research centre, Bocconi University, Via Guglielmo
Rontgen, 1, 20136, Milan, Italy

2 Dept. Management, Economics and Industrial Engineering, POLITECNICO DI MILANO, Via
Lambruschini 4/b—building 26/B—20156 Milano, Italy

3 Mater of Science, Department of Urban Planning and Design, Mashhad Branch, Islamic Azad University,
Mashhad, Iran

* Correspondence: fahimeh.khatami@unibocconi

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, the extant literature is scat for
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). 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 valorization of supply-demand in the global food system is of paramount relevance 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 (Henry et al. 2018). On the other hand, a third of global food
production is hitherto wasted each year, amounting to about 1.3 billion tonnes (Huho et al. 2020).
Furthermore, the agri-food system is responsible for almost one-quarter of global greenhouse gas
emissions (Crippa et al. 2021) and it is one of the main contributors to global environmental change,
entailing many socio-economic negative effects (FAO 2017), as it encompasses a multitude of actors,
elements, and processes—i.e., production, processing, distribution, preparation, consumption, and
disposal of food (Crippa et al. 2021).

The global food system is thus facing several interlinked problems with serious outcomes on the
global scale, including growing consumer demand and generated food waste (Esposito et al. 2018).
The adoption of the circular economy (CE) paradigm in the agri-food sector received attention in
research and academic literature (e.g., Bruins and Sanders 2012, Barakat et al. 2013), specifically for
the possible adoption of circular business models (CBMs). CE could help the agri-food sector by the
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recovery/ recycling of agri-food waste and could potentially also improve the agri-food supply chain
(Verstraete et al. 2016), for example through the restoration of soil fertility (Zucchella and Previtali
2018).

Although some elements, such as leadership and legislation, have been recognized as fostering
factors (Moktadir et al. 2020), clear indications on how to apply CE and CBMs in agri-food systems
are scat, calling for additional research on the topic (Urbinati et al., 2021, Geissdoerfer et al. 2020).
Especially, recently Donner et al. (2020) and Hamam et al. (2021) encouraged further studies to focus
on the interest of agri-food enterprises in a circularity analysis.

Given the above, the present study aims a proposing an analysis of the level of CE in the agri-
food system at the country level, so to provide concrete guidelines for managers and policy-makers
who want to contribute to CE in the agri-food system. More in detail, the research aims at answering
the following research questions:

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

RQ2: How we can promote the circular economy implementation in agri-food in European
countries?

The remainder of the paper 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);
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 Business Models in the Agri-Food Sector

CE is a production and consumption model, which involves sharing, renting, reusing, repairing,
renovating, and recycling existing materials and products for as long as possible and reducing waste.
CE is a tangible paradigm in response to the unsustainable model of production and consumption
resources (Hamam et al. 2021) focusing on narrowing and regenerating resource loops (Bocken and
Ritala 2021). Literature has largely addressed the topic of circular business models (CBMs), so to
insert aspects of CE within the traditional planned tool for business activities (Fraccascia et al. 2019;
Kanda et al.,, 2021). Particularly, in a CBM the value creation, delivery, and capture appear to be
strongly influenced by specific CBM strategies of close, slow, intensify, and dematerialize
(Geissdoerfer et al. 2020). The four CBM strategies are overall recognized to support the reduction of
system waste (Richardson 2008, Bocken et al. 2016, Geissdoerfer et al. 2018a, and Geissdoerfer et al.
2018b) and can be supported by the 10Rs proposed by Potting et al. (2017), namely refuse, rethink,
reduce, reuse, repair, refurbish, remanufacture, repurpose, recycle, and recover. Additionally, CBMs
can provide a sustainable bridge between CE and socio-environmental progress, working with a
broad set of stakeholders (Weerawardena et al. 2010). Recently, researchers focused on the function
of the CBMs in the agri-food sector, including food production, food waste (Corrado et al. 2018, Dora
2019, Esposito et al. 2020), and the technological level of agri-food systems (Kyriakopoulos et al. 2019).
CBM s can be planned as one of the managerial solutions to respond to the agri-food grand challenges
(Lewandowski 2016, Bocken et al. 2016). In CBMs, typical customer-supplier relationships are
replaced by multi-stakeholder and multi-actor relations due to overlapping businesses and sharing
responsibilities (Donner et al. 2020). However, the definition of CE cannot be directly translated into
the agri-food system because agri-food production has a limited life without the possibility of reuse,
repair, or remanufacture (Potting et al. 2017). Hence, CE in the agri-food sector should focus on
applicable strategies such as recovery.

The agri-food industry to transit to a more sustainable development model needs to be in line
with the principles of CE, particularly to face future challenges by recovering resources (Poponi et al.
2022). Opportunities might arise from the minimization of food waste or the generation of energy
from the waste (Hamam et al. 2021). From this line, one of the aspects of recovery is the reprocessing
of material/waste for renewable energy production, such as biofuel production from the food
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industry using waste-to-energy plants (Muradin et al. 2018). Also, the recovery of food waste is one
of the important processes in the CBMs to decrease negative effects (Poponi et al., 2022). On the other
hand, production and consumption can be optimized by resource-saving which would imply the
reduction of waste (Tariq Majeed and Luni 2020).

2.2. Hypotheses Development

With this background, the research hypotheses are developed. Conventionally, the development
of higher technologies of cooking and packing in agri-food production can result in lower waste
emissions, higher levels of sharing renewable energy, and higher CE implementations (Popp et al.
2014). Hence, a direct relationship between the sharing of renewable energy and agri-food production
can be a signal of the CE implementation and the circularity function of the CBMs (see Popp et al.
2014) in the given study area. The vice versa relates to a significant lack of CE implementation in the
agri-food system. Furthermore, in a circular economy, a higher level of agri-food production should
result in lower waste emissions. Hence, we obtain the following main hypotheses:

Hp 1: In the CE, the higher level of agri-food production can lead to a higher level of renewable
energy from the agri-food system.

Hp 2: In the CE, the higher level of agri-food production can lead to a lower level of total waste
emission from the agri-food system.

3. Materials and Methods
3.1. Data Preparation

The paper employs a Panel data analysis to analyze the level of circular economy in the agri-
food system among European countries, leveraging on Dora (2019) and Jafari-Sadeghi et al. (2021).
Particularly, we focused on 29 European countries, selected as they have a registered membership
and continuous information without data restriction in the database of the European Agri-Food Data
Portal. There were no other screening steps for the selection of the case studies. The selected countries
are Austria; Belgium; Bulgaria; Croatia; Czech Republic; Denmark; Estonia; Finland; France;
Germany; Greece; Hungary; Iceland; Ireland; Italy; Latvia; Lithuania; Luxembourg; Malta;
Netherlands; Norway; Poland; Portugal, Romania; Slovakia; Slovenia; Spain; Sweden; the United
Kingdom.

To evaluate the level of circular economy implementation, newly compared to the extant
knowledge (Palmié et al. 2021; Urbinati et al. 2021), we selected the following indicators, based on
(Poponi et al. 2022): i) production values ii) energy sharing from renewable sources, and iii) total
waste emission. The required variables at the national level are settled on the relevant global
databases comprised of the World Bank (2021) and European Commission (2021) —internationally
verified data centers for agri-food and environmental subjects (Andrade et al. 2022). The required
data were gained directly from the databases for the years from 2014 to 2018, so to avoid possible
influences and biases related to the COVID-19 pandemic.

Leveraging on Andrade et al. (2022) and Agri-Food Data Archived by the European Commission
(2021), three variables of agri-food production were gathered to represent the input aspects of the
agri-food system, namely the production of meat, production of oil crops, and production of vegetable oils.
Two dependent variables of the energy share from renewable sources of agri-food system and total waste
emission from agri-food system were obtained for output aspects. Four control variables were assumed
to explain the specification errors in the estimated model (Sewpersadh 2019), namely energy use in
agriculture, electricity use in agriculture, renewable biofuels from the food industry, and the use of renewable
biofuels for the food industry. The research framework is reported in Figure 1.
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Figure 1. The research framework.

3.2. Data Analysis

The research stream of panel data modeling deals with complex constructs to test relationships
incorporated into an integrated model (Sarstedt et al. 2014). Panel models can be assumed to analyze
the data series through a random effect model or a fixed effect model (Dogan et al., 2022). 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 effects (FE) and random effects (RE) estimators (Baltagi 2014), which is
done 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 is
observed in the work of Kostakis and Tsagarakis (2022), 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.

Table 1. The summarized data for all variables in 2014 and in 2018.

Production
Production of | Production of Total waste Renewable
) of vegetable o
Vagiable meat oil crops s (K emission energy
oils
Country (K tonnes) (K tonnes) (K tonnes) sharing (%)
tonnes)
2014 | 2018 | 2014 | 2018 | 2014 | 2018 | 2014 | 2018 | 2014 | 2018
185.9
219 255
Austria 900 910 390 387 5 186.16 | 33.55 | 33.81
116.3
989 | 1205
Belgium 1814 1825 66 54 3 116.39 | 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
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Denmar
221 249
k 1889 1876 709 489 13.41 | 13.41 | 29.32 | 35.41
Estonia 71 75 167 114 57 58 4729 | 4757 | 26.14 | 29.99
Finland 384 393 62 71 111 76 2238 | 2239 | 38.78 | 41.16
984.0
2878 | 2721
France 5520 5551 | 7486 | 6829 3 983.25 | 14.42 | 16.44
German 1823. | 1824.3
4521 | 4145
y 8351 8189 | 6329 | 3778 34 9 14.39 | 16.67
174.8
488 605
Greece 428 446 3278 | 3461 1 17425 | 15.68 | 18.05
Hungary 888 1032 | 2440 | 3039 | 625 848 | 44.33 | 4453 | 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
627.4
1139 | 1154
Italy 3378 3661 | 3591 | 3633 4 626.68 | 17.08 | 17.80
Latvia 85 92 187 238 65 59 29.46 | 29.57 | 38.63 | 40.03
Lithuani
83 89
a 227 251 506 444 1745 | 17.52 | 23.59 | 24.70
Luxemb 0 0
ourg 21 24 16 11 18.63 | 18.68 4.47 8.97
Malta 13 12 0 0 0 0 0.17 0.17 474 7.97
Netherla 592.2
1790 | 1765
nds 2800 3012 161 65 1 592.77 | 5.42 7.34
Norway 345 359 10 7 89 93 12.43 | 12.37 | 68.21 | 71.80
188.6
1202 | 1278
Poland 4197 5260 | 3326 | 2170 2 189.14 | 11.61 | 11.48
106.8
396 451
Portugal 791 852 496 781 3 107.03 | 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
1106 290.2
2228 | 3363
Spain 5722 7028 | 5728 6 8 290.65 | 16.16 | 17.45
Sweden 530 570 334 222 129 146 | 9897 | 98.80 | 51.82 | 54.65
United
Kingdo 1017 | 1048 | 935.4
m 3694 4086 | 2504 | 2061 1 933.18 | 6.74 11.14

The sorting of raw data revealed that the highest values of agri-food production variables,
comprised of mean annual ~100,000, ~100,000, and 10,000 thousand tons of meat, oil crops, and
vegetable oils production respectively, belong to Germany, Spain, and France. The mentioned
countries have contributed to above 40-50% of agri-food production in the European Union.
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The highest values of total waste emission from the agri-food system, comprised of mean annual
~3,700 thousand tonnes from a total of ~6,500 thousand tonnes also belong to Germany, France, and
the United Kingdom. The initial facts of high production and high waste emission in the agri-food
system revealed 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.

Besides, 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 evidence of the weak level of the
agri-food system in European countries.

4.2. Panel Data Analysis

The correlation matrix of the variables was produced initially by panel data analysis to affirm
no significant collinearity between the dependent and independent variables (Ratner 2009). The
regression coefficients between input and output aspects of the agri-food system were produced in
Stata, revealing no significant relationships (p-value >0.1) between agri-food production and
renewable energy sharing (Table 2). It means that the sharing of renewable energy has no direct
relation with agri-food production, demonstrating the weak level of circular economy
implementation in the agri-food system. On this basis, the first hypothesis (Hp 1) can be rejected for
the given study area (29 European countries) in the given time interval (2014-2018).

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 effects on the Renewable energy sharing: RE.

Variables PM PO PV

-5.33 -23.87 7.95
Renewable energy sharing: RE

10.83 18.55 12.18

0.02* 0.01 0.00
Energy use in agriculture: EN

0.00 0.01 0.00

0.04* 0.03 0.00
Electricity use in agriculture: EL

0.01 0.04 0.02

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

0.03 0.08 0.03

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

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)* depends on the p values <0. 1.

On the other hand, the regression coefficients between input and output aspects were estimated
and revealed significant relationships (p-value <0.1) between agri-food production (at least
production of meat and vegetable oils) and total waste emission (Table 3). It means that the total
waste emission has a direct relation with agri-food production, demonstrating no generation of
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renewable energy from agri-food waste. On this basis, the second hypothesis (Hp 2) can be also
rejected for the given study area in the considered period.

Based on the results, the circular economy implementation level of the agri-food system in
European countries appears low. Results revealed that the European countries seriously need to
promote new circular-based propositions in the agri-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 effects on the total waste emission: WE.

Variables PM PO PV

1.56* 1.15 1.60%
Total waste emission: WE

0.51 1.28 0.35

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

0.00 0.01 0.00

0.03* 0.02 0.01
Electricity use in agriculture: EL

0.01 0.04 0.01

0.05* -0.07 -0.02
Renewable bio-fuels from food industry: RfromF

0.02 0.08 0.02

0.02 0.19 0.05
Renewable bio-fuel for food industry: RforF

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)* depends on the p values <0. 1.

4.3. Hierarchical Clustering

The model approved 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 the 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 a high rate 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
(Khatami et al. 2021). Based on the interrelated homogeneity of the variables and proximity matrix of
the countries (Table 3), 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 have high values of agri-food production
in addition to high amounts of agri-food wastes from 2014 to 2018. Cluster B includes other cases, i.e.,
23 countries, which averagely have low values of agri-food production but present high amounts of
share of energy from refinery sources in the agri-food system. Cluster A thus includes countries with
a critical status in the agri-food system, with a low level of circular economy implementation.
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Dendrogram using Ward Method Rescaled Distance Cluster Combine
CASE 0 5 15 25
Clusters Label Num +---—-—---— Fom - +-a—t
Luxembourg 18 —
Malta 19 —
Ireland 14 - |
Slovakia 25 |
Bulgaria 3 — l—
Czech 5 — |
Greece 11 |
Hungary 12 |
Belgium 2 —+4
Romania 24 —
B Poland 22 —
Croatia 4 —
Estonia ) —
Lithuania 157 —
Slovenia 26
Finland 8 —
Latvia 16 —
Austria 1 —
Portugal 23 —
Denmark 6 —
Iceland 13 =
Norway 21 4+—2-"
Sweden 28
Italy 15 —/
United Kingdom 29 ———
Netherlands 20 —
A France 9 T !
Spain 27
Germany 10

Figure 2. Clustering dendrogram of the countries based on agri-food system (Source: extracted from
SPSS software).

Table 3. Average values of proximity matrix between 29 countries.

Country Name Value
Austria 3.55
Belgium 391
Bulgaria 3.42
Croatia 3.64
Czech 3.61
Denmark 3.58
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
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Malta 5.03
Netherlands 4.95

Norway 10.79
Poland 4.40
Portugal 3.38
Romania 3.40
Slovakia 411
Slovenia 3.87

Spain 10.08
Sweden 6.36
United Kingdom 7.29

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

The first research question depended 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 a weak level of CE implementation among the study
area’s countries.

Therefore, the second research question depended on the promotion the CE implementation in
agri-food in European countries. According to Donner et al. (2020), 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 (Popp et al. 2014). Hence, the promotion
of the 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 the 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 biological circularity in the
products, components, and materials, leading to reduce process wastes (Bocken and Ritala 2020). 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 focusing on the guiding lines to circular,
flexible, and zero-waste bio-refineries, integrating biomass, bio-fuel, biomaterials, and bio-energy
cycles (Zuin and Ramin, 2018).

Using the extracted variables from the datasets and based on the model projected by
Geissdoerfer et al. (2020), 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 system 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 Hp 1) and a direct relationship between the total waste emission
and agri-food production (rejecting the second hypothesis Hp 2). Overall, 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 (Christensen 2016, Hofmann and Erben 2019). From this line, we here suggest
propositions to improve the implementation of CBMs in the European agri-food system. As noted by
Donner et al. (2020), the circular economy in the agri-food system is facing common challenges such
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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 Geissdoerfer et al. (2020), namely extending, intensifying, dematerializing,
and recycling, with three agri-food aspects, namely food production, waste emission, and energy
sharing.

As for the considered strategies (Geissdoerfer et al. 2020): 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; the recycling strategy
relates to the recycling of material and energy within the system. Considering the agri-food system:
the production process involves a set of chaining segments e.g., agricultural production and harvest,
post-harvest operations, storage, packing, and processing to retail (FAO 2019); food waste is one of
the substantial issues, directly related t production and consumption (Chiaraluce et al. 2021);
renewable energy decreases waste generation and the extraction of limited resources (Hamam et al.
2021).

The intersections of strategies and aspects lead to the identification of 12 managerial
propositions, reported in Table 4. Propositions are indeed needed to promote CBMs (Lewandowski,
2016) and can be used to establish a dialogue between national policymakers and practitioners
(Vermeulen, 2015; Zucchella and Previtali, 2018).

1. Enhancing durability of agri-food products [EP]. Lifetime of the agri-food production from farm to
fork should be extended to optimize the processes and reduce the losses (Bressanelli et al. 2018;
Ingemarsdotter et al. 2020).

2. Innovative transport tracking and service management [IP]. This offers new transport routes should
be offered together with new service tracking in the context of sustainable waste management
(Parida et al. 2019; Geissdoerfer et al. 2020).

3. Digitalization to generate end-of-life packing process [DP]. Digital technologies can be adopted and
used to facilitate and initiate the generation of end-of-life packing processes in the food sector
(Reike et al. 2018, Ugar et al. 2020).

4.  Biodegradable materials in agri-food packing [RP]. This suggests the use of materials for packing
with a return capacity in the environment and without the harmful effects and toxic chemicals
(Rabnawaz et al. 2017; Jafarzadeh et al. 2020). Biodegradable materials are greatly contributed to
returning the resources contained in the agri-food system to the environment (Luttenberger
2020). Similar propositions need to be innovative in the agri-food system to decrease system
costs and increase added value (Hamam et al. 2021).

5. Cascading reuse to organic feedstock farms [EW]. Cascading biomass can be reused in organic
feedstock farms, resulting in new products or applications of the agri-food system and low
emission of waste (Liideke-Freund et al. 2019).

6.  Advanced system for handling agri-food waste [IW]. An advanced system can be used for monitoring
and handling and variability of agri-food systems to create values from agri-food waste (Donner
et al. 2020).

7. Consumer education and demand rationalization [DW]. Consumers’ awareness should be changed
to rationalize their demand and their acceptance of dematerialized agri-food packing products
(Perito et al. 2019).

8.  Zero-waste bio-refineries process [RW]. The bio-refinery process attempts to use a variety of
technologies to recover marketable energy during agri-food production, consumption, and
waste management, such as bio-fuels and bio-materials (Donner et al. 2020).

9. Refurbishing and retrofitting bio-fuel plants [EE]. It entails a transition from traditional behaviors to
sustainable ways using zero-waste biofuel plants (Donner et al. 2020).

10. Retailing energy from the agri-food system [IR]. This proposition offers retailing of stored energy
during the innovative agri-food processes (Ingemarsdotter et al. 2020).
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11. Technologies to create marketable renewable energy [DE]. Technologies to create renewable energy
from agri-food systems, particularly in the production process, with value addition and
marketable capabilities (Donner et al. 2020).
Integrating biomass, bio-fuel, biomaterials, and bio-energy cycles [RE]. This proposition offers to
integrate the biological and technical approaches in the CE of the agri-food system to retain
successful implementations (Kanda et al. 2021). For instance, a bio-refinery proposition for the
agri-food process is a variety of technologies to produce biofuels, food and feed ingredients,
organic feedstock, biomaterials, and energy from biomass materials to maximize the added
value along three pillars of sustainability: environment, economy, and society (Donner et al.

12.

2020)

Table 4. 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

RW: Zero-waste bio-

RE: Integrating
biomass, bio-fuel,

biomaterials, and bio-

) refineries process
packing

energy cycles

6. Conclusions

The present study contributes to a better understanding of the level of circular economy
adoption on 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 Hamam et al. (2021) and Donner et al. (2020) 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 first limitation of this study depends on the availability of datasets for required variables
and indicators in 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 in different scales from
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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 made 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.
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