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Abstract: It is widely recognized that the adoption of collaborative organization models in the agri-
food sector can help farmers in rural areas to reach sustainable development goals. In any case, a
holistic and coherent view of sustainability, organizational models and supporting technologies in
the agri-food sector is still not present in the scientific literature. With this paper, we aim to fill this
gap and to propose a framework that is useful to help scholars and practitioners in analyzing and
designing sustainable Collaborative Networks in the agri-food sector

Keywords: collaborative networks; sustainability; systematic literature review; framework

1. Introduction

The agri-food sector is experiencing profound transformations over recent years.
Farmers have been facing several challenges such as rising of input costs, globalization,
poor commodity prices and environmental pressure. As a result, many farmers have been
forced to sell their farms and seek other jobs elsewhere, thus shifting economic activities
and population to urban areas and exposing rural areas and rural communities to the
risk of an economic, social and environmental decline [1]. For many years, development
strategies were mainly based on economic growth pathways and the assumption that urban
areas provide higher standard of living than rural ones [2,3]. Several authors recognized
the important role of agri-food sector in promoting sustainable development [4,5], high-
lighting the multifunctional contribution of agriculture in indicating evolutionary paths of
differentiation and integration of revenues for farmers operating in areas characterized by
evident territorial structural weaknesses [6].

Changes are also evident on the demand side [7]. The behavior of consumers towards
agri-food products is continuously evolving. Smaller and higher-educated family people
started a slow revolution that is gradually changing conventional food consumption
patterns [8]. Consumers have become more critical and outspoken and are more and
more sensible to several food aspects linked to the quality, typicality, and provenance of
production [9]. Values, such as well-being and quality of life, together with a renewed
interest towards local food-culture and heritage, exerts a high degree on the way consumers
perceive food value [10]. Modern consumers evaluate food products, paying attention to
all the operations along the food value-chain.

In this context, companies operating along the agri-food value chain face the challenge
of meeting consumers’ needs and overcoming issues deriving from the overexploitation of
natural resources, the modification of the landscapes and the shift of economic activities
and population to urban areas [11]. In order to face these economical, societal and envi-
ronmental challenges, agri-food companies address their choices towards investments in
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product, process and organizational investments in sustainable innovation and company
responsibility. In fact, product and process innovation is widely recognized as a driver for
improving the quality and safety of agri-food products [12], reducing environmental and
societal impacts as well [13,14].

In recent times, the convergence between new organizational models and ICTs paved
the way towards new technologies and business models capable of improving the com-
petitiveness of agri-food supply chains. If, on the one hand, this convergence offers new
development opportunities for the agri-food sector, on the other hand, it raises specific
coordination issues along the supply chain, requiring new coordination methods and new
governance approaches among agri-food actors [15]. In this direction, farmers and other
agri-food-related organizations spontaneously started to organize themselves in rural net-
works, with the aim to face problems of rural areas. New and alternative business models
emerged in order to ensure a long-lasting competitive advantages, as well improving rev-
enue streams and developing new market niches [16]. These new models are characterized
by strict connection among consumers and producers in order to pursues explicit political
and ethical goals: revitalize the identity of rural areas, promote relations among rural actors
within the rural community, promote economic, environmental and socially viable practices
within agri-food companies [17]. These networks are aiming to shorten social and physical
distances between consumers and producers, reducing the number of intermediaries in
the food supply chain, allowing local agri-food companies to become food system makers
rather than food system takers in the new global economy [18–21]. The transition involves
the whole supply chain rather than individual companies and requires a certain degree
of collaboration among business, information collection and sharing and investments in
technology innovation [22]. The adoption of appropriate collaborative-based technologies
and management practices allows us to speed up the communication and information
exchange between the various players operating in the supply chain, reducing the quantity
of intermediaries as well as the downtime to which food is subjected in conventional
logistics networks.

Supply chains in the agri-good sector are subjected to many sources of uncertainty that
can negatively hamper performances of single actors and of the entire supply chain [23].
Several authors propose collaboration as an approach to mitigate this negative impact [24].
However, despite these potentials, the adoption of network-based paradigms is charac-
terized by a certain degree of complexity. This complexity can be attributable to various
factors, such as the incompatibility of the formats used to manage information, the large
number of companies, the lack of trust between organizations, the heterogeneity in the
culture and objectives of the actors involved [25]. A complete view of characteristics
and issues that characterize collaborative networks in food supply chains is, therefore,
necessary. This need is even more evident in sustainable supply chains where the ob-
jectives (both of individual operators and of the entire network) are heterogeneous and
sometimes conflicting [26]. Several studies addressed the role of collaborative-based organi-
zational models in addressing sustainability needs of agri-food supply chains. In particular,
frameworks to model food supply chain governance and collaboration, according to a
sustainability-oriented perspective, have been proposed. In [27], a conceptual framework
for the assessment of food supply chain according to a process-oriented perspective (from
farm to fork) has been developed. Govindan [28] proposed a framework based on drive
indicators and barriers to achieve sustainable production and consumption in the food
supply chain. Krishnan et al. [29] presented a framework for to redesign the food supply
chain to improve environmental sustainability. However, there is a lack of works aimed at
offering a systematic view of the benefits, criticalities and characteristics of these organiza-
tional approaches based on collaboration. In particular, many works based on the analysis
of case studies of collaborative networks in food supply chains do not follow a defined
and specific structure. This implies that some relevant aspects of these networks are not
explicitly identified and that it is difficult to compare the collaborative aspects of two or
more supply chains. Although the scientific literature underlines the need for coherence
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between sustainability, organizational models and supporting technologies in the agri-food
sector, the literature lacks a holistic overview. Starting from these considerations, the
analysis of foundational aspects and characteristics of collaborative-based organizational
approaches as a tool for value-chain creation in the agri-food sector seems to be a promising
field to be explored.

With this paper, we aim to fill this gap, highlighting structural elements and charac-
teristics that help to make sense of the current body of collaborative networks literature
in the agri-food sector. To reach this aim, we analyze, in depth, the literature landscape
of collaborative networks supporting sustainable development in the agri-food sector, by
means of a systematic literature review [30] to clarify the main topics around which the
literature has grown. The systematic literature review highlights the research topics in the
context of Sustainable Collaborative Networks in the agri-food sector, as fundamental enti-
ties that are valuable in characterizing organizational and business aspects of a sustainable
agri-food chain.

2. Collaborative Networks in the Agri-Food Sector

Recent years have been characterized by a growing interest towards sustainable
development of agri-food sector [31]. This sector is affected by a wide range of problems
need that, according to several authors, must be addressed requiring specific tools for their
correct identification and ad-hoc intervention policies constructed with a bottom-up and
collaborative based approach [32–34].

Collaborative Networks is a broad concept: a proof of this is the array of different
typologies in the scientific literature, such as knowledge clusters, virtual clusters, pure
agglomerations, inter-organizational networks, or new industrial districts [35]. According
to the flexible specialization school, the fundamental reason behind collaborative based
approaches is “untraded interdependencies”, characterized by informal and formal infor-
mation exchange, interactions and shared rules to enable communication among partners
and interpreting knowledge [36].

In the agricultural sector, new organizational networks based on processes of syner-
gic collaboration between rural actors emerged in recent years to propose solutions for
the rural community question. The enhanced competitiveness of agri-food SMEs and
territories depends greatly on their ability to enter dynamic Collaborative Networks in
open and increasingly virtual business environments [37]. Collaborative advantage for
actors participating within the network usually consists of synergistic gain and program
enhancement coming from resources, risks and rewards sharing, prioritizing collaboration
against competitive advantage of each single stakeholder [38].

Collaboration is widely considered fundamental as a catalyst for farmers’ empower-
ment and business development. Although farmers are key stakeholders in an agri-food
supply chain, they typically experience limitations in their business-related skills, thinking
style and aspirations [39]. Collaborative-based approaches can help farmers in overcome
these limitations, facilitating them farmers to access opportunities benefits and resources
equal to those of other supply chain stakeholders. In fact, the agri-food sector is character-
ized by a constellation of heterogeneous actors sharing values, culture and infrastructures
that have the potential and the will to cooperate in order to pursue the general long-term
objectives of territory development and competitiveness. This concept is known in the
literature as Virtual Breeding Environment [40]. During the last decade, many successful
experiences of collaborative agri-food networks highlighted the importance of setting-up
organizational and technological aspects of a breeding environment to support socioeco-
nomic development of a referred territory [41–43]. Many scholars see in the exploitation
of the concept of food relocalization a mean of improving well-being, authenticity and,
in a more general sense, the quality of life of rural areas [44]. Despite ongoing change,
scholars affirm that rural areas remain characterized by the relative abundance of natu-
ral capital, identifying in the agri-food sector the opportunity to revitalize the economy
of rural areas and territorial identity [45,46]. Organizational and technological models,
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based on the Collaborative Networks paradigm, have been proposed to manage bottom-up
aggregations of local economic operators, causing impact on the territorial attractiveness
with remarkable results in terms of sustainability, preservation of historical and natural
heritage and resource optimization [47]. Various studies state that rural actors might be
able to realize their expectations through the exploitation of collaborative organizational
forms, by shortening long and complex agri-food supply chains [48]. Such alternative ways
are seen as a way to foster the sustainable development of rural communities, reducing
producers’ dependence on subsidies and increasing territorial competitiveness. These
kinds of collective initiatives attempt to put into practice sustainability-related issues, cre-
atively reshaping conventional agri-food chains [49,50]: multi-functional farm enterprises,
new premium quality food production place-based production, revitalization of territory
identity and socio-cultural heritage.

Collaboration-based approaches take on even more significance in light of the opportu-
nities for the development of so-called circular economy, through innovative technologies
and profitable business models based on the exploitation of agricultural wastes, byproducts
and unsold products [51]. The development of a Circular Economy-based model requires
the adoption of new coordination methods among different phases of the food value chain.
The development of such a model moves away from traditional linear production systems
operating through the conversion of natural resources into products and then wastes.
Circular Economy in food chains includes all the activities aiming to reduce, reused and
recycled material along the food supply chain [52]. Cooperation among stakeholders in
food supply chains is considered mandatory in order to achieve sustainability-oriented
goals [53], since the companies along the supply chains pursue different objectives and that
sustainability goals (individual and collective) are often conflicting with each other [54].
Many works emphasize the role of circular approaches in conciliating economic and envi-
ronmental and social objectives in sustainable food supply chains [55]. Particular attention
is paid to the approaches aimed at reducing food loss and waste, seen as a critical aspect for
achieving social and environmental objectives but also in terms of economic sustainability
for supply chain companies [56]. Coordinated and coherent actions fostering a shared
vision for sustainable development should be designed [57], bearing in mind that initiatives
to reduce food waste in a given stage of the supply chain could have a negative impact on
companies operating in subsequent stages [58]. The culture of collaboration [59] and the
implementation of appropriate standards (e.g., HACCP) [60] can positively contribute to
the reduction in complexity along supply chain and to the achievement of sustainability-
oriented goals. Consumers’ roles in the sustainable food supply chain is gaining more
and more importance. Nowadays, also in the linear economy, consumers are no longer
relegated to the simple role of passive buyer [61]. However, this effect is even more evident
in closed-loop supply chains, where consumers are increasingly involved in innovation
processes and in interactions with other stakeholders in the supply chain, with considerable
implications for coordination in reverse logistics [62]. An issue that is particularly taken
into consideration both by academics and practitioners concerns the role of the consumer
in food waste management [63–67]. These aspects have been made even more relevant by
the recent COVID-19 outbreak, due to growing food insecurity [68] and the importance of
community engagement [69].

3. Methodology

We carried out a systematic literature review to provide a complete, exhaustive sum-
mary of relevant literature addressing the characteristics of sustainable collaborative net-
works in the agri-food sector. According to the methodological framework proposed
by Denyer and Tranfield [30], our research methodology was organized in three phases:
papers location and selection, papers analysis and classification, definition of themes.
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3.1. Papers Location and Selection

To gather the relevant scientific literature on Sustainable Collaborative Networks in
the Agri-food sector, we selected Scopus and Web of Science (WoS) databases. These two
databases are widely considered to be the most comprehensive and relevant databases for
academic articles and, in particular, in managerial studies [70–72].

The search was performed using wildcards and Boolean operators, following the
features of each database. The search was performed at the beginning of October 2020.
The steps of the methodology we followed are below described, while Figure 1 shows the
workflow we adopted:
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Figure 1. Papers location and selection Workflow.

Step 1—Definition of keywords: we defined three set of keywords, namely:

• Set C, including terms related to the Collaborative Networks field of study. The set was
build considering the taxonomy of collaborative-networked organization provided
in [73].

• Set S, including terms related to the Sustainability field of study. The set was defined
considering suggestions provided in [74–76].

• Set A, including terms related to the agri-food field of study. The set was defined
considering the classification of agri-food -supply chains provided in [77].

Step 2—Search process: the keywords were constructed into search strings, to admin-
ister the search to Scopus and WOS scientific databases. The following search string was
structured: The search must contain at least one keyword of the Collaborative Networks domain
(C), one keyword from the Sustainability Domain (S) and one keyword from the Agri-food Domain
(S). We were able to find 388 and 268 papers, respectively.

Step 3—Datasets merging: we merged the two datasets and we manually analyzed
metadata (authors, title, source, and year) to detect duplications. Through this procedure,
we identified a list of 419 scientific works.

Step 4—Screening journal articles: following suggestions provided in (e.g., [71,78–80],
we selected only articles published in peer reviewed journals omitting books, book chapters,
discussion papers, and non-refereed publications. This is an approach adopted in many
organizational studies to ensure rigor of contents. A total number of 325 entries is indexed
as journal papers.

Step 5—Screening relevant articles: finally, we limited our research to the organi-
zational and managerial field of studies. We have taken into account papers published
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in journal indexed at least in one of the following subject area: “Engineering”; “Social
Sciences”; “Business, Management and Accounting”; “Decision Sciences”; “Economics,
Econometrics and Finance”, excluding papers published in journal indexed in medicine,
chemistry, pharmacology, and biology fields of study. At the end of this process, we
obtained a final set P of 287 papers.

In Figure 2, a graphical representation of sampled papers in P clustered by publication
year is shown.
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3.2. Papers Analysis and Classification

We carried out a quantitative analysis based on the Latent Dirichlet Allocation (LDA)
in order to identify main topics in the context of Sustainable Collaborative Networks in the
agri-food sector.

This approach led to the identification of a Document–Term Matrix—that is a matrix
describing the relative presence of keywords within the papers we analyzed. For each
document, the LDA procedure measures the portion of document belonging to each topic,
namely, topic proportion. This method takes as input the documents to be analyzed (in
our case, the set P of papers) and several topics, k, to be extracted. Following suggestions
provided in [81,82], we have chosen k in such a way that the interpretation of the machine-
generated model results becomes as easy as possible from the point of view of a human
reader. We evaluated several results of the LDA procedure with k ranging from 2 to 20 and
we have consensually agreed that the most meaningful set of topics is reached with k = 10.

The LDA procedure gave as output a group of significant keywords associated with
each topic, as presented in Table 1.

3.3. Definition of Topics

We carried out a human-based review of representative and relevant papers, to
provide a meaningful description of each topic. Following suggestions provided in [83],
we reviewed papers matching the following criteria:

• Papers published in academic journals ranked at a “C” level or higher of the German
Academic Association for Business Ranking or equivalent values of ISI Impact Factor
(IF ≥ 0.7).

• Papers with a topic proportion value of 0.25 or higher.
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Table 1. Keywords grouped by topics as output of Latent Dirichlet Allocation procedure

Topic 1 rule behav * govern * Standard operat *

Topic 2 trust relation * transparen * reliab * behav *

Topic 3 indicat * performance assess * measure * Efficiency

Topic 4 collaborat * goals integrat * Effort Commitment

Topic 5 organiz * network Model compan * Structure

Topic 6 technolog * information Data Traceability Ict

Topic 7 compan * stakeholder Role Participant collaborat *

Topic 8 model optimiz * Objective mathematical operation *

Topic 9 system operation Process Model method *

Topic 10 process activity Circular Lifecycle Operation
Note: *. at the end of a word means that it can be completed in whatever way to be used as a keyword.

4. Results

In what follows, we present a description of topics that emerged as an output of the
LDA procedure. We assume that these research topics address fundamental entities that are
valuable in characterizing organizational and business aspects of a sustainable agri-food
chain. The discussion is built on the interpretation of keywords and on the analysis of
relevant papers and main studies they cited.

Topic 1: Network governance. This topic deals with governance rules, policies and
principles driving the behavior of members in an agri-food supply chain. Collaboration
is widely recognized as a key element to reduce conflicts in supply chains, fostering the
responsibility of each participant to guarantee the achievement of sustainability-related
objectives [84]. The definition of appropriate rules governing the behavior of the members
within a collaborative network is fundamental to reducing their opportunistic and individ-
ualistic behavior, in favor of shared long-term objectives [85]. A broad body of literature
recognizes the importance of standards in agri-food supply chain governance. Standards
mainly emerged to face consumer concerns about food safety and quality [86]. As well
as having a huge impact on the quality and safety of food product, private and public
standards affect the internal organization of firms, the organization of the whole supply
chain, the distribution of profits and the welfare of all stakeholders [87].

Topic 2: Prescriptive behavior. Another relevant aspect influencing company behavior
deals with transparency and trust along the food supply chain [88]. According to Bastian
and Zendes [89], supply chain transparency is a key prerequisite for sustainable agri-food
supply chains. Legal and obligatory requirements have represented, for a long time, the
main approach to guarantee transparency and food quality and safety. In any case, the
last few decades of striving towards cooperative operational optimization, as well as
ecologically and socially sound supply chains, have yielded new exigencies [90,91]. Food
supply chains are becoming even more large and complex. This opens many sustainable
related issues for agri-food chains. It is mandatory to increase the transparency and
traceability of food supply chains since consumers are more and more interested in social
and environmental concerns [43,92,93]. Trust is regarded as an important asset in an
exchange relationship between food supply chain members. Susanty et al. [94] found that
collaborative communication, power dependency and price satisfaction have a positive
and significant effect on trust between individual farmers in the dairy supply chain.

Topic 3: Performance Assessment. Scholars recognize the importance of defining and
assessing sustainability performance indicators to produce and deliver sustainable agri-food
products along the supply chain [95]. A performance measurement system in a sustainable
agri-food supply chain can be defined as the design, the use, and the assessment of a set
of metrics aiming at quantifying efficiency, effectiveness and relationships along multiple
firms according to a social, environmental and an economic perspective [96]. However,
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although several approaches to measure sustainable-related performances are proposed
in the literature [97,98], the sustainability performance assessment is considered hard to
implement, mainly due to alignment, and the effort and clarity needed by all the companies
in the supply chain [99,100]. This calls for a great commitment of all involved organizations
towards the elicitation of the benefits arising from the use of an appropriate measuring
system and the definition of guidelines to implement and use the obtained information [101].
As previously stated, several works on sustainable agri-food supply chains have identified a
broad range of indicators assessing companies’ economic, environmental and social practices
in their supply chains. Although from an operational point of view, indicators adopted
may vary mainly due the different nature of each supply chain (e.g., supply chain size, type
of food, regulatory concerns), scholars agree in grouping these indicators according to the
three classic pillars of sustainability [102–105]. For example, some environmental indicators
may concern water use, soil erosion and pollution prevention, fertilizer and pesticides
reduction, biodiversity preservation, carbon footprint, GHG emissions [106]. Socio-ethical
indicators may regard animal welfare, gender equality, food safety, working conditions,
and child labor [107]. Economic aspects may concern profit sharing among supply chain
actors, lead times, access to markets, knowledge, and technology transfer [108].

Topic 4: Intensity of Collaboration. Some studies addressed the impact of the intensity
of collaboration (i.e., the mutual engagement of participants) on agri-food supply chain
operations [109]. As the level of integration among supply chain members increases, it
increases the amount of common goal-oriented risk taking, commitment, and resources that
participants must invest into the joint endeavor [73]. This implies mutual trust and thus
takes time, effort and dedication of participants towards the achievement of shared goals.
In the literature, different forms of classification related to the intensity of a collaboration
in a supply chain are identified. In [73], the authors identify four coalition’s types, namely
networking, coordination, cooperation, collaboration. Grosvold et al. [110] explore the
conditions under which firms align their activities according to the following levels of
intensity: decoupled, loosely coupled and tightly coupled alignment. In [111,112], the
authors identified the following phases cooperation, coordination, and collaboration. It is
worth highlighting that these works see coordination as a higher level of integration than
cooperation, unlike what was noted in [73]. In [113], the authors developed a classification
framework that takes into account the social capital dimension and organizational perfor-
mances in agri-food supply chains according to each level of collaboration. Rota et al. [114]
studied levels of collaboration among partners in Egyptian food organic and fair-trade
chains. They defined a collaboration index based on three constructs: information sharing,
decision synchronization and incentive alignment. In [91], the authors appraised the po-
tential role of buyer–supplier collaboration and relations and their relevant opportunities
in the power-laden, contentious environment of the retail grocery sector. They proposed
a framework to classify collaboration in food supply chains according two dimensions:
intensity of collaboration (low, high) and complexity of collaboration (low, high). This
allowed for identifying four collaboration typologies, ranging from a purely transactional
approach to a long-term partnership.

Topic 5: Organizational forms. The high dynamicity of the food industry and the need
to face sustainability challenges calls for a wider ability to adapt and reconfigure organi-
zational settings along the whole supply chain [115]. Several works emphasize the need
for coordination and collaboration in the food industry [116], mainly due to the need to
ensure the safety and quality of food products [117]. Some studies focused on organiza-
tional models of sustainable food supply chain characterized by the presence of a focal
company in large-scale distribution, around which the inter-organizational structure of the
entire supply chain is defined [118]. Kirci and Seifert [119] proposed a holistic framework
characterized by a three-tier organizational structure. They presented an application of
the framework on the “zero waste to disposal” initiative of Nestlé. Pohlmann et al. [120]
discussed the role of the focal company in designing a sustainable supply chain in the
Brazilian poultry industry. Sellitto and Hermann [121] presented an organizational model
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of green supply chain in the peach industry. These experiences are all characterized by
the fact that the focal company has a strategic role in implementing new trends in sustain-
ability, such as corporate social responsibility and green supply chain management [122].
Several papers systematized collaborative approaches based on territorial embeddedness
and reconnection with consumers. Such initiatives have been labelled either as Alterna-
tive Food Networks or Short Food Supply Chain [123]. Renting et al. [124] provided a
classification of organizational structures for alternative food networks. They identified
three main categories of organizational forms, namely face-to-face, proximity and extended
short food supply chains. Sacchi et al. [125] conceptualized five types of short food chain
along the continuum that goes from the network type of governance towards the more
bureaucratic types. Volpentesta et al. [126] proposed a classification of main basic form
of Direct agri-food chains (e.g., direct farms, farmers’ markets, box-scheme, collective
supported agriculture, community kitchens). The authors agree that short food supply
chains are widely believed to be more sustainable in comparison to mass food delivery
systems [108].

Topic 6: Digitalisation of Supply chains. Innovation in ICTs and digitalization led to a new
phase in sustainable agri-food supply chains. A wide range of literature on the role of ICTs
applications addressing several issues of agri-food chains, e.g., climate monitoring [127],
data monitoring during pre- and postharvest operations [128], precision agriculture [129],
traceability [130] and distribution [131]. ICT-based solutions allow for the monitoring of
food supply chain more efficient, reducing delivery time, costs and waste due to food
products expiring in warehouses [132,133]. ICT adoption is suitable to make the supply
chain capable of quick response and performance improvement [134]. Several authors
addressed the role of ICTs in enabling the food supply chain with risk management tools,
allowing companies to distribute food products with full confidence [135]. Supply chain
actors can communicate at a faster rate, reducing variability and uncertainty in the sys-
tem [136,137]. In sustainable agri-food supply chains, ICTs play a crucial role to guarantee
coordination, transparency, and traceability [138]. On the one hand, this helps to ensure
food safety and effective information to consumers [139], while on the other hand helps
stakeholders to know the input materials along with forward and backward tracking [140].
The role of ICTs is accentuated by the fact that agri-food products are “embedded” with
value-laden information, concerning the mode of production, provenance, and distinctive
quality assets [141]. Such information/knowledge exchange may be supported by new
types of services, based on recent technological developments. Mobile services can provide
information offerings regardless of temporal and spatial constraints, bringing supply chain
actors closer to each other [142]. Mobile services for agri-food supply chains may regard
Location-Based Services and Geospatial Services, Social Networking, Virtual Visits and
Traceability [143]. Technological advances in food sensor miniaturization have made possi-
ble the development of lab-on-smartphone platforms for mobile food diagnostics that allow
for a rapid and on-site food analysis for preliminary and meaningful food information
extraction [144]. The availability of new smart food applications and devices (e.g., “food
scanner” or “food sniffer” for food analysis) suggest that the time is right to conceive new
approaches to food information management that would empower supply chain’s actors
and be more responsive to their information needs [145].

Topic 7: Actors and roles. Some works are devoted to the identification of actors and
the definition of roles within sustainable food chains. Sustainability issues in food supply
chains call for integrative approaches including several types of partners, stakeholders
and consumers [146]. Sustainable food chains are characterized by a high degree of em-
powerment of members [147]. This approach is indispensable for us to guarantee the
main features to address relocalisation, identity and social welfare, which are at the core of
socio-economic development of agri-food communities [148]. Most successful experiences
of sustainable food supply chains highlight the importance of identifying the right partici-
pants in a collaborative setting [149]. Although these actors can be heterogeneous in terms
of their operating environment, they must share values and culture, organically orienting
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themselves towards the achievement of common long-term objectives [150]. In [21], the
authors defined the main actors and roles needed to build up an alternative agri-food
network. Moreover, they emphasized the role of a trusted third party in overcoming some
typical issues (e.g., lack of common goals, languages, values and mental schemes) that
can lead to the failure of the initiative. O’Reilly et al. [151] analyzed the case of the Parma
Ham consortium, deepening relationships among network members. They found that
the competitiveness of the Parma Ham network is, to a large extent, based on external
collectively owned competencies. Although the network relies on governance mechanisms,
research evidences strong ties among producers. The impact of individual group members’
heterogeneous characteristics, resources and strategies on the Parma Ham consortium has
been investigated in [152]. Van Der Vorst et al. [153] analyzed food supply chain networks
in terms of the parties involved, product characteristics and alternative redesign strategies.
They identified main actors for two main types of networks: fresh agricultural products
chains (e.g., growers, auctions, wholesalers, importers and exporters, retailers and specialty
shops and their logistics service suppliers) and processed product chains (e.g., growers,
importers, food industry processors, retailers and out-of-home segments and their logistics
service suppliers).

Topic 8: Mathematical programming models. A huge body of literature relies on opera-
tions research techniques to achieve economic, social, and environmental sustainability
in the food supply chain domain. Soto-Silva et al. [154] reviewed the literature on oper-
ational research models applied to the fresh food supply chain. They classified research
according to the following dimensions: decision levels (strategic, tactical or operational
horizon), analytical modeling approach (e.g., linear programming, nonlinear program-
ming, stochastic optimization, dynamic programming) and purpose (sowing, production,
harvesting, distribution or inventory). In [131], the authors perform a literature review
classifying mathematical models in single objective and multi-objective problems, and
according to the three pillars of sustainability. Most parts of the papers dealing with a
single-objective approach consider social and environmental issues as constraints of the
problem, while cost/revenue are considered as an objective [155,156]. Other works focused
on social and environmental objectives. For example, in [157,158], the main objective was
to optimize deals with animal welfare, while in [159], a model to minimize the number
of undistributed products to food banks is presented. Some examples of environmental
objectives are provided in [160], where the authors minimize land use and in [161], where
a model to reduce carbon footprint is presented. In many cases, operational research
approaches in sustainable food supply chain management are based on multi-objective
models. Govindan et al. [162] proposed a routing problem with time windows that aim
to minimize environmental impacts and logistic costs. A similar approach is proposed
in [163], where the authors proposed a model for the sustainable distribution of perishable
food, considering operating costs and carbon footprint. Azadnia et al. [164] developed a
multi-objective approach for lot sizing and sustainable supplier selection, with the aim to
minimize total costs and maximize social and environmental scores. In [165], the authors
proposed a stochastic programming approach for the integrated inventory-routing problem
in which products with high perishability must be delivered form a supplier to a set of
customers with an uncertain demand.

Topic 9: Operations Management methods and tools. Many works are devoted to the defi-
nition of methods and tools supporting the design and the control of business operations in
the sustainable production and distribution of food products. Life-cycle assessment (LCA)
is a predominant approach to study environmental aspects and potential impacts through-
out product’s life cycle along the food supply chain, through production, product use and
disposal. LCA represents a useful tool to assess resource use, energy and environ-mental
burdens related to the full life cycle of products and services and it is widely used for analy-
sis of the sustainability of the agri-food sector, ranging from single products applications to
more in-depth analyses of the sustainability of a supply chain [166]. The main challenges
of LCA to support sustainable agri-food systems are exhaustively addressed by a review
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carried out by Notarnicola et al. [167]. Papers based on LCA are mostly focused on specific
case applications: e.g., olive-oil supply chain [168], tomato sauce [169] and apple [170].
Some works propose simulation-based approaches to understand the behavior of food
supply chains. According to Ivanov [171], simulation modelling methods allow us to
visualize network operations, to trace processes and observe the impact of different action
in a sustainable food supply chain. System dynamics modeling for sustainable supply
chain management is a widely used simulation approach [118]. System Dynamics provide
a framework to analyze how actions and reactions cause and influence each other, and
how and why elements and processes in the system change. For example, in [172] a system
dynamics approach was used to study the behavior and to determine the impact of demand
variability and lead within a supply chain for non-perishable food products. Taghikhah
et al. [173] proposed system dynamics modeling for a case of wine-extended supply chain.
Zhu and Krikke [174] adopted system dynamics simulation to assess scenarios for a cheese
supply chain after the COVID-19 outbreak. Advancements in ICT have made a rethinking
of business processes necessary so that the introduction of new solutions have the high-
est possible impact on company and supply chain performances [175]. Business Process
Modelling is important to understand and restructure activities and information flows
within food supply chains. Some works use Business Process Modelling Notation (BPMN)
to conceptualize processes within sustainable food supply chains [176–178]. Other works
are based on the SCOR (Supply-Chain Operations Reference) model [99,179,180].

Topic 10: Supply chain process management. Some papers addressed activities that char-
acterize collaborative networks in the agri-food sector. Authors agree in classifying the
activities of networks in the agri-food sector along three fundamental phases, namely
creation, operation and dissolution of the network [181,182]. Partners selections and formal
constitution on the collaboration represent the main activities during network creation
phase [183,184]. Research works dealing with the operation phase mainly address collabo-
rative activities needed performed at a network level. Such activities are usually performed
by focal companies or trusted third parties within food supply chains [185]. In [186], an
exhaustive literature review addressing typical collaboration-based activities in food sup-
ply chains is presented. A new literature stream specifically devoted to sustainable food
supply chains consider collaborative activities based on the circular economy paradigm.
Particular attention is paid towards reverse logistics, post-consumer packaging and waste
management activities in food chains, is paid in [187–190]. Although the dissolution phase
has been identified as relevant in the life cycle of agri-food networks, no works specifically
dedicated to this phase have been identified. However, in [190], some elements related to
the dissolution phase, such as the redistribution of assets, are presented.

5. Discussion: Towards a Framework to Characterize Sustainable Collaborative
Networks in the Agri-Food Sector

The analyzed topic attracts always more scholars from different disciplines thus
highlighting its increasing importance from both the academic and the economic points of
view (see Figure 2).

With the aim to offering a systematic view of the benefits, criticalities and characteris-
tics of the sustainable collaborative networks in the agri-food sector, we further analyzed
results of the systematic literature review in order to identify topics presenting similarities
and common elements. The critical reading of the results led to the identification of four
themes clustering the ten topics. From an operational perspective, each theme represents a
main aspect characterizing organizational and business features of sustainable collaborative
networks in the agri-food sector.

In this section, we propose a conceptual framework for Sustainable Collaborative
Networks in the agri-food sector that can be useful to reach a twofold goal. From the one
side, the framework summarizes the four themes, the ten topics and their connections as
resulted from the literature review. From the other side, the framework can be useful to
characterizing the foundational aspects, principles, and practices of Sustainable Collabora-
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tive Networks and thus can be useful to help practitioners in the analysis and design of
Sustainable Supply Chains in the Agri-food sector.

5.1. Theme 1: Network Structure

This theme deals with the definition of constitutive elements of a sustainable col-
laborative network in the Agri-food sector, both in terms of organization of the whole
network and characteristics of individual components. As emerged from the analysis of
the literature, there are various organizational configurations that can be assumed by a
collaborative network in the agri-food sector. This aspect is strongly connected to the
strategic objectives of the network and the temporal orientation of the collaboration.

Structural traits can be defined in terms of topological characteristics of the collabora-
tive network, i.e., hierarchical relationships, intensity of connections and characteristics of
each node. These traits can be, respectively, represented by organizational forms, intensity
of collaboration and actors and roles described in Section 4.

Sustainability oriented objectives require a high ability to adapt and reconfigure
organizational settings to ensure safety, quality, and transparency for consumers. These
organizational models require a direct connection with consumers and a close territorial
embeddedness. Main dimension characterizing organizational forms in sustainable agri-
food collaborative networks concerns:

• The temporal and spatial proximity between producers and consumers [124].
• The role of a focal company in the activation of the collaboration initiative (top-down

vs. bottom-up approach) [123].

The intensity of collaboration, i.e., the level of engagement of each participant in
agri-food supply chain activities represent an aspect that is strictly intertwined with the
adopted organizational form. Some organizational forms are more appropriate than others
depending on the level of involvement of networked actors. From the analysis of literature,
we can argue that the more the level of integration among supply chain members increases
(from networking to collaboration), the more risk and social capital, resources and activities
are shared among partners.

Characteristics of involved partners and role performed within the network represent
the last aspect that determine the structure of the network. Collaboration efforts within
agri-food systems call for an integrative approach that invites and includes different types
of partners, integrating stakeholders and consumers in a network where partners are
treated as active network members, playing a participatory role instead of being names on
partnership’s membership lists that only give the appearance of social inclusiveness. The
number and the type of participants depends on the strategic objectives of the networks,
the competence needed to carry out network activities and the specific characteristics of
the supply chain (e.g., fresh vs. processed food). Besides typical players that characterize
food supply chain (e.g., growers, food processors, logistics service suppliers, retailers, and
specialty shops), sustainable collaborative networks are characterized by the presence of
trusted third parties able to manage typical issues in bottom-up networks. These entities
usually play an intermediate role among networks members, as collaboration catalyst,
technology intermediary and guarantee authority.

5.2. Theme 2: Participants Behavior

Participants behavior is a relevant theme of sustainable collaborative networks in the
agri-food sector. Literature review shows that behavioral aspects can be summarized in
network governance and prescriptive behavior and performance assessment.

The first element deals with mandatory rules and policies that must be followed inside
the network. These rules govern the functioning of the collaboration throughout its life
cycle, from its creation, to its functioning and its dissolution. This includes not only the
national and international regulations in force but also the specific conditions of adhesion
and participation in the network. With a specific reference to the agri-food sector, rules and
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public and private standards aimed at guaranteeing transparency and quality throughout
the supply chain are recognized to be of great importance.

Trust and transparency represent a key prerequisite for sustainable agri-food supply
chains. Ecological and social expectations, shared values and business culture represent a
set of principles generally accepted and promoted among network members. Since sustain-
able collaborative networks in the agri-food sector are characterized by a close connection
with the territory, regional culture, and traditions play an important role in the behavior
of the actors and in their relationships. Sharing culture is a central aspect in prescriptive
behavior. Resources, responsibility, and risk sharing require high commitment and mutual
trust. Appropriate policies to distribute liabilities and rewards are required. High level
of trust and commitment have a significant contribution to supply chain performances.
Actors are led to pursue long-term interests on a Collaborative Networks as the fear of
opportunistic behavior by supply chain alliance participants decreases. From the literature
review emerged that this is particularly true in sustainable food supply chain where a high
commitment towards financial and non-financial objective is required. Scholars agree that
this requires an appropriate elicitation of the benefits arising from the use of an appropri-
ate performance measuring system. Performance indicators are grouped in three main
categories, namely environmental, socio-ethical and economic indicators.

5.3. Theme 3: Supply Chain Process Management

Along sustainable agri-food supply chain systems, a collaborative oriented approach
is needed to pursue common goals, increase profits, minimize costs, reduce environmental
impact and assure quality for consumers and other stakeholders. Depending on the stage
of the collaborative network life cycle (i.e., creation, operation, and dissolution) different
activities need to be carried out.

During the creation phase, the main activities are the identification and selection of
potential partners, the definition of the governance structure and the formal creation of
the network.

In the operation phase, collaboration involves activities, such as production, trans-
formation and distribution process and infrastructure management. In addition to these
traditional activities, sustainable food supply chains are characterized by the presence of
activities typical of circular economy approach, based on the exploitation of agricultural
wastes, byproducts, and unsold products. Depending on the level of integration of the
collaborative network, there are different activities that can be managed at a network level
rather than by individual operators. Typically, these activities can be carried out by the focal
company or by a trusted third party that manages the network and may concern marketing,
logistics, consulting, community engagement and information and knowledge sharing.

The process of collaborative network dissolution is complex and, therefore, must
be properly planned and defined from a contractual point of view. Although the actors
involved are no longer partners, dissolution activities continue until debts are settled and
tangible and intangible assets have been redistributed among partners.

5.4. Theme 4: Supporting Tools, Methods and Technologies

The appropriate deployment of supply chain activities is guaranteed by a series of
tools, methods and methodologies that support network operations and management
throughout its life cycle.

Over the years, several tools and methods have been developed to achieve economic,
social and environmental sustainability in the food supply chain domain. A huge body of
mathematical models and simulation-based approaches favor the optimization of produc-
tion and distribution activities in food supply chains.

ICTs paved the way to a new phase in sustainable agri-food supply chains. A wide
range of ICTs solutions support back-end and front-end processes of agri-food chains,
with a relevant impact on economic, social, and environmental performance of the whole
network. Companies can communicate at a faster rate, reducing uncertainty, guaranteeing
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at the same time coordination, transparency, and traceability. This evolution has been made
even more evident thanks to mobile- and internet-of-things-based technologies.

Advancements in ICTs were accompanied by a rethinking of business processes to
maximize the impact on supply chain performances. A wide range of Business Process
Modelling tools, e.g., BPMN and SCOR, are available to conceptualize processes within
sustainable food supply chains. With specific reference to sustainable food supply chains,
life-cycle assessment (LCA) is a predominant approach to studying environmental aspects
and potential impacts throughout a product’s life cycle along food supply chain and
to assess resource use, energy and environmental burdens related to the full life cycle
of products.

A synthesis of the framework is represented in Figure 3.
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6. Conclusions

Collaboration is widely recognized as a key element to reduce conflicts in food supply
chains, fostering the responsibility of each participant to guarantee the achievement of
social, economic, and environmental objectives.

Considering the high dynamism and uncertainty of the reference context, food sup-
ply chain operators are forced to develop new skills, new methods, and new structured
approaches to face the challenges of the global market. The use of a reference modeling
framework capable of capturing the complexity of collaborative-based approaches in sus-
tainable food supply chains can represent a valid support for planning and managing these
organizational networks appropriately.

We found in the literature a significant number of studies dealing with basic aspects
of Sustainable food supply chain management. The attention of the literature has so far
concentrated mainly on the evaluation benefits of sustainability-oriented strategies and
advantages for involved parties, with a particular focus on how sustainability strategies
have a positive impact on food quality, transparency and consumer trust. However, less
attention has been paid towards the implications and issues of collaboration between
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different business organizations in sustainable food supply chains. The results of our
systematic literature review led to the identification of ten topics clustered in four main
themes dealing with collaboration in sustainable food supply chains, namely the Network
structure, Participants behavior, Supply Chain Processess, Supporting tools, methods and
technologies Network structure food sectors. The framework we proposed (summarized
in Figure 3), give a holistic and coherent overview between sustainability, organizational
models and supporting technologies in the agri-food sector.

The framework can be useful to help scholars and practitioners in analyzing and
designing sustainable Collaborative Networks in the agri-food sector. Sustainable supply
chain management in food sector presents several critical points along the whole product
lifecycle, from farm to fork. Important collaborative-related issue in food chain sustain-
ability may regard production (e.g., developing a shared culture of sustainability among
producers, definition of social and environmental oriented standards, rational food loss
management) procurement (definition of sustainable oriented criteria in supplier selection
procedures, maintaining relations among partners), distribution (minimize empty runs,
reduce emissions, choose environmentally friendly means of transport, define reverse logis-
tic procedures) and consumption (rational waste management, alternative use of leftovers
and expired food).

Collaborative Networks in the agri-food sector, as depicted in the proposed framework,
can be an effective tool to reach the goals proposed by the UN in the Agenda 2030 plan for
sustainable development [191]. In this sense, the framework we proposed in this paper can
be also seen as a decision of support for policy makers in defining actions and policies to
support development of rural areas.

Limitations

Of course, our paper suffers from some limitations. Methodological choices made in
this work, including the selection criteria of the papers to be analyzed, could lead to the
exclusion of some interesting works. Selection bias could represent a significant issue in
carrying out a systematic literature review. Selective inclusion of studies published only
in English (language bias), selective inclusion of studies only from one’s own discipline
(familiarity bias), and selective inclusion of sources (source bias) could hamper the signifi-
cance of the study, leading to research datasets that are not completely representative of the
entire population of studies [192]. In any case, since our paper aims to give a qualitative
picture of the current state of scientific research rather than a quantitative bibliometric
analysis, we decided to restrict our search to relevant journal articles in organizational
field of study. In any case, although the approach we have adopted is widely consolidated
in the scientific literature, further studies can be conducted by expanding the sample of
analysis to other sources, such as conference papers, monographs, books, and technical
papers. This would allow us to have a comprehensive and exhaustive view of the whole
body of knowledge in this domain.

Moreover, the basic assumption underpinned in this work is that scientific research
investigated relevant aspects dealing with collaboration in sustainable food supply chain.
However, it is possible that some aspects have been neglected or at least under investigated
in the literature with respect to what is the actual business practice. Further investigations
based on real case studies and interviews are needed to validate our framework. In our
review we found many case studies in different agri-food supply chains with heterogeneous
characteristics. We have tried to make the framework independent of the type of food
produced and distributed by the supply chain so that we can generalize the results of our
work. However, future studies could be aimed at defining suitable verticalizations of the
framework for specific food chains.
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