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Abstract

In the face of escalating global concerns over climate change and sustainability, the agri-food sector is
met with significant challenges in mitigating its environmental impact. This paper explores innovative
ways to integrate circular economy principles into agri-food supply chains, aiming to reduce carbon
footprints and promote sustainable consumption models. By examining relevant case studies and applying
a mixed-methods approach that combines secondary data analysis with qualitative interviews among
domain experts, our study identifies effective waste management, recycling, and reuse strategies that can
be adopted by agri-food companies to enhance the sustainability of their operations.

Furthermore, the paper highlights the importance of collaboration among various supply chain actors,
from producers to consumers, and the role of emerging technologies, such as blockchain and artificial
intelligence, in increasing resource management transparency and efficiency. Public policies and
governmental initiatives that can support the transition to more sustainable practices in the agri-food
sector are also discussed.

The findings of the study underscore that through adopting a circular approach and integrating
technological innovations, the agri-food sector can play a crucial role in mitigating climate change and
promoting a consumption model that adheres to sustainable development principles. This research
contributes to the existing literature by highlighting the potential of sustainable innovations in
transforming agri-food supply chains and offers a foundation for the development of policies and
strategies geared towards sustainability in this critical sector.
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Introduction

Faced with the challenges posed by accelerated climate change and increased pressure on natural
resources, the transition towards more sustainable practices across all sectors of the global economy
becomes not only necessary but urgent. The agri-food sector, accountable for a significant portion of
global water consumption, land use, and greenhouse gas emissions, is at the forefront of this debate.
Burlacu, Bran et al. (2022) emphasizes its significance in their examination of Romania's circular
economy paradigm within the framework of EU principles and directions for 2050. Given the sector's
considerable environmental impact, addressing its challenges and opportunities is crucial for transitioning
towards a more sustainable model A shift towards sustainability in this sector could not only reduce its
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negative environmental impact but also enhance food security and improve the livelihoods of farmers and
local communities.

Within this context, the circular economy presents a promising framework for reimagining how food
products are produced, processed, packaged, and distributed. Radulescu et al. (2022) emphasize this in
their work on circular economy infographics, highlighting the potential of circular approaches in
transforming the agri-food sector. By adopting circular practices, such as reducing food waste, recycling
packaging materials, and implementing regenerative agricultural techniques, the sector can become more
sustainable and resilient while reducing its environmental footprint.. By promoting a closed system that
minimizes waste and maximizes resource value, the circular economy can play a crucial role in reducing
the carbon footprint associated with agri-food supply chains (Constantin et al., 2021). This article aims to
explore how sustainable innovations can be effectively integrated into these supply chains, with a special
focus on implementing practices that adhere to circular economy principles.

Our approach begins with an assessment of the current state of agri-food supply chains, identifying the
main sources of greenhouse gas emissions and analyzing their environmental impact. We acknowledge
the need for a radical transformation of this sector, which faces external pressures from the environment
and consumers, as well as internal challenges such as inefficiency and waste. Consequently, we
investigate emerging technological innovations, resource management practices, and business models that
can contribute to greater circularity. Corvellec, Stowell, and Johansson (2022) offer a comprehensive
analysis of the circular economy, examining both its potential benefits and critiques. A critical aspect they
delve into is the identification and evaluation of barriers and catalysts for adopting sustainable
innovations. This discussion is pivotal for understanding how these innovations can be effectively
integrated into various contexts. By grasping the context in which these innovations can thrive,
policymakers and strategists can formulate effective policies and strategies that facilitate a smooth
transition towards a circular economy.

A critical part of our discussion focuses on identifying and evaluating the barriers and catalysts for
adopting these sustainable innovations. Understanding the context in which these innovations can be most
effectively integrated is essential for formulating policies and strategies that facilitate a smooth transition.

1. Literature review

The transition to more sustainable practices in agri-food supply chains, through the application of circular
economy principles, represents an essential research direction for addressing current environmental
challenges. We thus summarize existing research on sustainable innovations in agri-food supply chains,
examining the applicability of circular economy principles and identifying gaps that our research seeks to
address.

Miranda et al. (2021) provided a governance perspective on circular agri-food systems, highlighting the
importance of analyzing sustainable agri-food value chains. Chiaraluce et al. (2021) reviewed current
trends and future pathways for the circular economy for the sustainability of agri-food supply chains,
identifying technological and managerial innovations as key enablers for circularity.

Kumar et al. (2022) assessed the performance of sustainable agri-food supply chains driven by the
circular economy. Their study highlights circular economy practices in achieving sustainable
consumption and production. Yontar (2023) focused on the critical success factors of blockchain
technology in agri-food supply chain management from a circular economy perspective, indicating the
potential of digital technologies to increase transparency, efficiency and sustainability.

The adoption of sustainable innovations and circular economy principles faces numerous barriers.
Technological challenges, the lack of clear regulatory frameworks and market acceptance issues are
frequently mentioned in the specialized literature. On the other hand, catalysts such as political support,
increased consumer awareness and the development of collaborative networks are essential to facilitate
the transition to circular agri-food supply chains.

Despite valuable insights into the potential of sustainable innovations and circular economy principles,
there is a lack of comprehensive studies integrating these dimensions for systemic change in agri-food
supply chains. The role of governance, policy framework and consumer behavior in facilitating this
transition requires further exploration.

The studies carried out by Radulescu et al. (2022) highlight the development of the agri-food sector in the
mountainous areas of Romania and the role of short and proximity value chains in the Romanian agri-
food economy. This research provides important insight into the importance of integrating sustainable
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innovations at local and regional levels, highlighting the potential of community-based economies to
contribute to the sustainability of agri-food supply chains.

Also, Gomez-Prado, et al. (2022) discusses the application of circular economy principles to reduce waste
and carbon footprint. Their study, together with the work of Esquerre-Bottonet al. (2022), which
addresses food loss reduction and carbon footprinting practices worldwide from a circular economy
perspective, provides evidence that circular approaches can have a significant impact on carbon footprint
reduction. carbon in agri-food supply chains.

The study by Bherwani et al. (2022) illustrates how the circular economy framework can be applied to
reduce climate change impacts by providing a case study from India on assessing the nexus between
carbon and material footprints. This research, together with Fang et al. (2017) analysis of the carbon
footprints of urban transition in Guiyang, China by promoting the circular economy, shows the
applicability and benefits of circular principles in different geographical and sectoral contexts.

In addition, Joensuu et al. (2022) explores the life cycle assessment of buildings in the circular economy,
comparing methods for assessing the carbon footprint of reusable components. This highlights the
importance and complexity of measuring environmental impacts in a way that supports the principles of
the circular economy. Similarly, Wang, et al. (2019) present a systematic accounting of the circular
economy and carbon footprint for typical coal-fired industrial parks, highlighting challenges and
opportunities for reducing environmental impacts in heavy industrial sectors. Reflecting on significant
works from the Romanian specialized literature, for example, Gaf-Deac et al. (2022), which explores
short and proximity value chains in the agri-food economy in Romania, it becomes evident that localized
strategies adapted to the context can provide solutions effective for global sustainability challenges. These
studies highlight the essential role of culturally and geographically adapted innovations, as well as the
need for flexible and responsive policy frameworks to support the transition to a circular economy in the
agri-food sector. Thus, our research aims to contribute to filling the identified gaps, exploring ways in
which circular economy principles can be integrated and adapted in agri-food supply chains to achieve
sustainability goals at local, national, and global levels.

2. Methodology

In this study, we adopted a multidimensional methodological approach, centered on bibliometric analysis
and systematic literature review, to explore the integration of sustainable innovations and circular
economy principles in agri-food supply chains. The main goal was to identify dominant trends,
knowledge gaps, and to map the collaborative network and impact of research in this field.

We conducted a bibliometric analysis using highly reputable academic databases, such as Web of
Science, Scopus and Google Scholar, to collect data on relevant publications in the field of circular
economy applied to the agri-food sector. Keywords such as "circular economy", "agri-food supply chain",
"sustainability" and "carbon footprint" were used in the search strategy to ensure the exhaustiveness of
the data collection. We included articles, reviews and case studies published in the last 20 years, limiting

ourselves to works written in English.

Through the VOSviewer software specialized in bibliometric analysis, we created knowledge maps that
visualize the relationships between key terms, main authors, and institutions involved in this field of
research. This process allowed us to identify major themes of interest and the temporal evolution of
research in the field.

Parallel to the bibliometric analysis, we conducted a systematic review of the selected literature, using a
narrative approach to synthesize and discuss the findings. This involved reading each article carefully,
extracting and comparing data relevant to our research objectives. We analyzed the methodologies,
results, and conclusions of the selected studies, paying particular attention to the innovative approaches
and challenges identified in the implementation of the circular economy in agri-food supply chains.

Based on bibliometric analysis and systematic literature review, we synthesized the results to provide a
comprehensive picture of the current state of research. This process included the identification of
emerging research directions, knowledge gaps, and potential avenues for future development in the field.
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3. Finding

The bibliometric analysis and systematic literature review revealed several significant findings regarding
the integration of sustainable innovations and circular economy principles in agri-food supply chains.
These findings highlight current trends, challenges encountered, and emerging opportunities in this field.

Figure 1 reveals a complex topography of international collaboration, with a distinct emphasis on certain
geographic axes, suggestive of the prevailing flows of academic exchange. At the core of this network,
we observe a significant density of links around European hubs such as Italy and Germany, which could
reflect a central role within the continent's research and education network.

The detailed analysis of the links reveals that Romania, represented in this context by a node with varied
international connections, consolidates its presence in the network through a set of relationships that seem
to extend beyond the immediate geographical proximity. Romania's position and density of connections
may suggest participation in collaborative research projects, contributions to European educational
initiatives, or may indicate a strategic orientation towards certain research directions that resonate
globally.

Despite the apparent integration into the European and global network, the frequency and intensity of
Romania's connections remain below the level of states with a consolidated tradition in key fields of
research and education, an observation that could suggest the need to develop strategies to amplify
international visibility and impact. In this context, it is plausible to speculate that future initiatives may
aim at increasing cross-border and intersectoral cooperation, with a particular focus on increasing
participation in research consortia and academic mobility programs.
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Figure 1. Global Academic Network Map.
Source: Created by authors with VOSviewer

Analyzing Figure 2, which represents the knowledge map made with the VOSviewer software, we
observe a complex visual representation of the interactions between the key terms, the main authors and
the institutions involved in a certain field of research. In the present case, the distribution of the nodes and
the density of the networks between them can help us to identify the influence and collaborations in the
respective academic sphere.
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Figure 2. Bibliometric Map of Academic Collaboration
Source: Created by authors with VOSviewer

Bucharest University of Economic Studies appears positioned at the bottom of the map and appears to be
relatively isolated compared to other nodes, suggesting that the level of international collaboration or
academic exchanges is lower, or that the research produced is of a more regional or specific nature.
However, the existence of a connection with the Technical University of Cluj-Napoca may indicate a
strategic collaboration or a joint effort in a certain research niche, signaling a possible synergy between
the two institutions. This relative isolation could be attributed to several factors. It may reflect a focus on
specific local or regional issues, or a tendency of the academic body to publish in the native language,
thereby limiting international visibility. Alternatively, it may indicate a research strategy focused on
niches of particular interest that do not yet overlap with major streams of global academic discourse. In
this context, to enhance international impact and visibility, it would be advisable to explore strategic
collaborative initiatives, engage in wider research networks and promote the publication of results in high
visibility journals. At the same time, maintaining a focus on regional research themes and developing
specific expertise remain valuable aspects that contribute to the diversity and depth of economic research
globally.

The review indicated an increase in academic interest and research in the circular economy applied to
agri-food supply chains in recent years. The main themes identified include sustainability, technological
innovation, process optimization and carbon footprint reduction. A particular focus has been placed on
the development and implementation of emerging technologies such as blockchain and artificial
intelligence to improve traceability, efficiency and transparency in supply chains.

Although interest and research in the field is growing, there are significant challenges preventing the
widespread adoption of the circular economy in the agri-food sector. These include the lack of awareness
and understanding of circular economy principles, technological and financial barriers, as well as the need
for regulatory frameworks and supportive public policies. Also, resistance to change from traditional
actors and the difficulty of integrating sustainable practices into existing operations are significant
obstacles.

In addition to the identified challenges, our analysis also revealed a number of emerging opportunities
that can accelerate the transition to the circular economy in agri-food supply chains. These include the
development of partnerships between the public and private sectors, innovations in business models that
promote efficient use of resources and recovery of waste, and increased consumer demand for sustainable
products. Education and awareness initiatives can also play a crucial role in promoting circular economy
principles.
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The findings of the study suggest that it is essential to develop public policies and strategies to facilitate
the integration of the circular economy into agri-food supply chains. This involves support for research
and development, incentives to adopt sustainable practices and regulations to encourage innovation and
collaboration between different actors in the sector. In practice, organizations need to prioritize the
development of skills in the circular economy, invest in new technologies and collaborate with supply
chain partners to implement innovative and sustainable solutions.

The bibliometric analysis and systematic literature review provided a comprehensive perspective on the
current state of circular economy research in agri-food supply chains. By identifying trends, challenges
and opportunities, this study contributes to a deep understanding of the field and to identifying ways in
which future research and practical action can facilitate.

4. Discussions

Our study provided a detailed analysis of the integration of sustainable innovations and circular economy
principles in agri-food supply chains, highlighting recent developments, challenges and opportunities in
this area. By using a methodological approach that combines bibliometric analysis with systematic
literature review, we were able to map the current research landscape and identify valuable directions for
future investigations.

Table 1. Sustainable Innovations in Agri-Food Supply Chains: Comprehensive Overview:

Theme Key Findings Limitations Future Directions Source
Current Increased interest in Limited by the Expand research to Chiaraluce et al.
Trends circular economy scope of current include diverse (2021); Constantin et
applications in the = research, focusing geographical al. (2021); Esquerre-
agri-food sector, predominantly on contexts and Botton et al. (2022);
with a focus on high-income smaller scale Kumar et al. (2022);
sustainability and countries and operations. Goémez-Prado et al.
technological large-scale (2022)
innovation. enterprises.
Challenges Technical and Research may not Investigate Bherwani et al.
Encountered = financial barriers, capture the full mechanisms to (2022); Burlacu et al.
lack of clear complexity of overcome (2022); Corvellec et
regulatory implementing resistance to change = al. (2022); Van Fan
frameworks, circular economy and explore the et al. (2021)
resistance to change principles in effectiveness of
among traditional practice. different incentives.
stakeholders.
Emerging Growing consumer Studies often Focus on inclusive Miranda et al.
Opportunities demand for overlook the socio- = models that support = (2021); Gaf-Deac et
sustainable economic impacts community al. (2022); Joensuu et
products, public- on local engagement and al. (2022); Radulescu
private communities and = benefit distribution. et al. (2022)
partnerships, smallholders.
innovations in
business models
promoting resource
efficiency and
waste valorization.
Role of Potential of Challenges related Develop case Fang et al. (2017);
Technology emerging to technology studies on Joensuu et al. (2022);
technologies (e.g., adoption and successful Rédulescu et al.
blockchain, Al) to integration into technology (2022); Van Fan et
improve existing systems. implementations al. (2021)
traceability, and barriers to
efficiency, and broader adoption.
transparency.
Socio- Transition to a Need for more Comprehensive Bherwani et al.
Economic  circular economy in =~ empirical dataon = impact assessments = (2022); Gaf-Deac et
Impact the agri-food sector | long-term socio- to guide policy and = al. (2022); Miranda
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can have significant
effects on
employment, social
equity, and
community well-
being.

A call for deeper
studies on the
impact of public
policies, and
practical integration
of innovations in
the agri-food
supply chain.

Research
Directions

Influence of
government
policies and
regulations on
promoting circular
economy practices
in the agri-food
sector.
Impact of consumer
preferences and
behaviors on the
adoption of
sustainable
practices in the
agri-food industry.

Policy
Implications

Consumer
Behavior

economic impacts.

Current literature
may not adequately
address the
scalability of
circular economy
practices.

Lack of alignment
between policies
and practical
implementation,
regulatory
complexity.

Limited
understanding of
consumer
motivations and
barriers to
sustainable
choices.

practice towards
equitable
sustainability
transitions.

Explore scalable
and adaptable
circular economy
practices across
different agri-food
supply chain
contexts.

Develop policy
frameworks that
encourage and
support circular
economy
initiatives,
streamline
regulations.
Conduct consumer
surveys and
behavioral studies
to better understand
preferences and
drivers for
sustainable
consumption.

et al. (2021);
Radulescu et al.
(2022)

Burlacu et al. (2022);
Chiaraluce et al.
(2021); Constantin et
al. (2021); Esquerre-
Botton et al. (2022);
Gomez-Prado et al.
(2022); Joensuu et al.
(2022); Kumar et al.
(2022); Miranda et
al. (2021); Radulescu
et al. (2022); Van
Fan et al. (2021)
Bherwani et al.
(2022); Constantin et
al. (2021); Gaf-Deac
etal. (2022);
Rédulescu et al.
(2022)

Chiaraluce et al.
(2021); Esquerre-
Botton et al. (2022);
Goémez-Prado et al.
(2022); Joensuu et al.
(2022)

Source: Compiled by the authors based on a comprehensive review of the literature

Our findings highlight a growing interest in applying the circular economy to the agri-food sector,
reflecting a broad recognition of the need to address sustainability issues in a holistic way. However, the
adoption of sustainable practices and technological innovations faces significant obstacles, including
technological, financial and cultural barriers, which require a coordinated approach at the level of policy,
education and sectoral collaboration.

Although our study provides a comprehensive picture of the researched topic, there are some limitations
that are worth mentioning. First, bibliometric analysis, while valuable for identifying trends and
relationships between different fields of study, may not always capture the nuances and complexities of
academic discourse. Also, the focus on literature written in English limits the perspective on research
conducted in other languages, which might provide additional or different insights.

Based on the findings and limitations identified, we suggest some future directions for research. A key
aspect is to explore in more detail the socio-economic impact of integrating the circular economy into
agri-food supply chains, including the effects on employment, social equity and the well-being of local
communities. In addition, a deeper analysis of the role of emerging technologies such as artificial
intelligence and blockchain in facilitating traceability and sustainability in these chains is needed. Also,
future research should pay more attention to the development and implementation of public policies that
can support the transition to the circular economy.

The study highlights the need for an integrated approach, involving actors from the public, private and
civil society sectors, to promote the circular economy in agri-food supply chains. The development of
policy frameworks that support innovation, investment in sustainable technologies and cross-sectoral
collaboration is essential. In addition, education and general public awareness of the benefits of the
circular economy can play a crucial role in accelerating the adoption of sustainable practices.
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Conclusion

Integrating the conclusions drawn from the analysis of the two network maps generated through
VOSviewer, our research contributes to the existing literature by providing an updated perspective on the
circular economy in agri-food supply chains. Reflecting on international connectivity and collaboration,
although there are challenges, the prospects for integrating sustainable innovations and circular economy
principles in the agri-food sector are promising. They provide valuable opportunities to address
sustainability issues in an effective and holistic way.

The transition to a circular economy in agri-food supply chains has the potential to reduce negative
environmental impacts, increase efficiency, promote innovation, and create sustainable economic value.
To maximize these opportunities, it is vital that we continue research, promote innovative policies, and
encourage collaboration between all actors involved. Future research should focus on identifying and
testing practical solutions that can be scaled and adapted to different contexts, given the diversity of
global agri-food supply chains.

It is crucial to actively involve local communities and small farms in the transition process, ensuring that
the benefits of the circular economy are distributed fairly and contribute to reducing poverty and
improving food security. This requires the development of support and financing mechanisms accessible
to small and medium-sized enterprises as well as startups, thereby stimulating innovation and the
adoption of sustainable practices throughout society.

Ultimately, the success of the transition to a circular economy in the agri-food sector will depend on our
ability to integrate knowledge and innovation from different fields, build strong partnerships and mobilize
the necessary resources to implement change. Through collaboration, innovation and commitment, we
can turn sustainability challenges into opportunities for the future, ensuring a greener and fairer world for
generations to come.
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