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Technological development, automation, digitalization, networking, new forms of communication, etc. initiated
a new industrial revolution, also known as Industry 4.0. It represents a new form of organization and control of
the value chain in the product life cycle. It is a concept that is intensively changing production processes, but its
Agri-food effects are also visible in other areas of human activity, primarily trade, health, agriculture, logistics, etc. By
MCDM applying the solutions and technologies of Industry 4.0 in the field of logistics, the concept of Logistics 4.0 was
AHP developed with the aim of achieving greater efficiency of logistics systems and processes. On the other hand
COBRA Circular Economy is a model of production and consumption, which involves sharing, leasing, reusing, repairing,
refurbishing and recycling existing materials and products as long as possible, whose efficiency greatly depends
on the logistics activities and processes. Having previous in mind, the subject of this paper is to rank the main
interest areas of circular economy in terms of applying the industry 4.0 technologies for performing the logistics
activities within the agri-food sector. The aim is to determine the area which has the greatest potential for further
development and should thus be in focus of the future planning of industry 4.0 based logistics activities in the
agri-food CE context. Since the circular economy is a systemic approach to economic development designed to
benefit businesses, society, and the environment, this is a multi-criteria decision making (MCDM) problem. For
solving it a hybrid MCDM model combining the Analytical Hierarchy Proces (AHP) method for establishing the
criteria weights, and the Comprehensive distance-Based RAnking (COBRA) method for the final ranking of the
alternatives, is proposed. The results indicate that the most important CE interest areas are Reuse/Remanu-
facturing/Recycle, Supply Chain Management and Product Lifecycle Management.

1. Introduction

In the broadest sense, logistics encompasses all systems and pro-
cesses that enable the movement of material and non-material flows [1].
Processes that include the movement of these flows can be grouped from
the aspect of direction and identified with the terms of forward logistics
(flows from the place of origin to the place of consumption) and reverse
logistics (flows from the place of consumption to the place of disposal,
destruction, reuse, remanufacturing, recycling, etc.). However, both are
covered by the term closed loop supply chain (CLSP) [2], which is often
identified with the circular economy (CE) concept [3].

The main goals of the CE are the optimization of resources, reduction
of raw materials consumption, and waste recovery by recycling or giving
a product or some of its parts a second life. Therefore, CE is seen as a new
production and consumption model that ensures sustainable growth
over time. Hawing in mind the increasing importance of sustainability, it
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is clear why CE is becoming an important research topic, and especially
the optimization of logistics processes that enable its efficient func-
tioning. A significant contribution to the optimization of these processes
is made by modern technologies developed within the paradigms known
as Industry 4.0 (I14.0). The application of these technologies and their
mutual networking for the realization of logistics activities has led to the
creation of the concept of Logistics 4.0.

14.0 represents a revolution that has initiated significant changes in
all areas of human activity, including the agri-food sector as one of the
primary, if not the most important economic sectors. Since it is funda-
mental to face the challenge of food security in the coming years, the
agri-food sector cannot allow itself to lose the opportunities offered by
modern trends brought by the concepts of CE and Logistics 4.0.
Accordingly, the aim of this paper is to consider the possibilities of
applying 14.0 technologies for the implementation of logistics activities
in the CE interest areas within the agri-food sector and to rank these
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Logistics 4.0 based CE interest areas in order to identify those which
have the greatest potential for further development and should thus be
in the focus of future planning and development of strategies. Since this
is a multi-criteria decision-making (MCDM) problem, a novel hybrid
model which combines Analytical Hierarchy Process (AHP) method for
obtaining the criteria weights, and the Comprehensive distance-Based
RAnking (COBRA) method for the final ranking of the alternatives (CE
interest areas) is proposed for solving it.

The main contributions of the paper are the investigation of the
application of 14.0 technologies for performing the logistics activities
within the individual areas of the CE in the agri-food sector, the estab-
lishment of a framework for the evaluation and identification of the
main interest areas, definition of a unique set of criteria for the evalu-
ation of the CE interest areas, and the development of a novel hybrid
MCDM model which combines AHP and COBRA methods.

The paper is organized as follows. The next section provides the
background of the study which points out the main 4.0 technologies
used in logistics as well as the main CE interest areas. Third section deals
with the establishment of the Logistics 4.0 based CE interest areas in the
agri-food sector. Fourth section provides the methodology for priori-
tizing the CE interest areas, while the following section provides the
results obtained by applying the proposed methodology. Final section
discusses the obtained results and provides main conclusions and future
research directions.

2. Background of the study

Logistics 4.0 is defined as the application of the 14.0 technologies in
the field of logistics [4]. 14.0 technologies that found the widest appli-
cation in logistics so far are Internet of Things (IoT), Autonomous Ve-
hicles (AV), Automated Guided Vehicles (AGV), Artificial Intelligence
(AD), Dig Data and Data Mining (BD&DM), Blockchain (BC), Cloud
Computing (CC), Augmented Reality (AR), Additive Manufacturing
(AM), Progressive Robotics (PR) and Electronic/Mobile Markeplace
(EMM) [4,5].

The CE is “a model of production and consumption, which involves
sharing, leasing, reusing, repairing, refurbishing and recycling existing
materials and products as long as possible, thus extending the life cycle
of products” [6]. When it comes to CE, it is mostly related to reverse
logistics (e.g. [7,8]). However, if one carefully analyzes the definition of
CE and one of its main objectives, which is to plan the product life cycle
to minimize or avoid any waste in the first place [9], then it is clear that
CE encompasses the entire supply chain and that in addition to return
logistics includes forward logistics, as well as all business activities and
non-material flows that accompany them. Rosa et al. [10] identified
supply chain management, circular business model, product lifecycle
management, digital transformation, resource efficiency, smart services,
reuse, remanufacturing and recycling as the main areas of interest of CE.
CE is very much influenced by the new business paradigm brought by
the development of 14.0 through the application of modern technologies
in its main interest areas. Of course, this paradigm shift in is present in
all business and economic sectors, including the agri-food sector, which
will be further investigated in the following.

CE is often identified with the closed loop supply chain therefore it is
obvious that one of the main CE areas of interest is the Supply Chain
Management (SCM) [11]. SCM is the process of planning, implementing
and controlling all activities in the supply chain in the most efficient way
possible. The supply chain includes all transfers of physical goods and
services needed to produce and valorize goods on the market, i.e. to
reach the end consumer. In the agri-food sector SCM activities are
becoming more and more challenging due to the need to shorten the
implementation time of all supply chain activities, integrate the quality
control, track and trace the agri-food products along the chain, control
the temperature over long distances, deal with the product perishability
issues and variability in quality of agri-food products, etc. [12]. These
challenges can be addressed by applying innovative 14.0 technologies
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which have recently generated drastic changes in the design, operation
and management of supply chains [13]. These changes are also visible in
the agri-food sector, in which almost all known 14.0 technologies have
been used in the field of SCM, namely, IoT (e.g. [14]), AV (e.g. [15]),
AGV (e.g. [16]), Al (e.g. [17]), BD&DM (e.g. [18]), BC (e.g. [19]), CC (e.
g. [20]), AR (e.g. [21]), AM (e.g. [22]), PR (e.g. [23]), EMM (e.g. [12]),
etc.

CE cannot be achieved in independent companies or by vertical
integration of individual activities. Companies need to connect with
each other by creating networks between suppliers and consumers
within which value chains are created. Accordingly, one of the basic
prerequisites for the establishment of the CE is the adoption of a Circular
Business Model (CBM) which involves defining the company’s business
strategy to create, add and preserve value for all participants in the value
chain while minimizing economic, environmental and social costs [24].
Due to the growing demands for achieving overall sustainability, CBM is
becoming the frequent subject of discussions and analyzes in the aca-
demic, business and policy frameworks. Miranda et al. [25] point out
that one of the basic preconditions for the implementation of CBM is the
development and adoption of sustainably oriented innovations. They see
technology as an indispensable element of the agri-food system and a
driver of innovations in CE. On the other hand, Poponi et al. [26] point
out that the development of new technologies and their application in
the agri-food sector contributes to increasing the competitiveness, pro-
ductivity and efficiency of companies. Accordingly, the 14.0 technolo-
gies are seen as an imperative in the future development of CBM in the
agri-food sector. Previous research has analyzed the application of
certain 14.0 technologies in the development of CBM, such as: IoT (e.g.
[271), BC (e.g. [28]), BD&DM (e.g. [29]) and AM (e.g. [30]). However,
there are no researches dealing exclusively with the application of these
and other I4.0 technologies for the development of CBM in the
agree-food sector.

The CE’s area of interest that further encourages a circular mindset
and supports the aforementioned CBMs and the execution of their
commercial strategies is Product Lifecycle Management (PLM) [31]. PLM
is a business strategy that integrates various tools and technologies that
simplify the flow of information through three basic phases of the
product life cycle: Beginning-of-life (BOL) which includes design and
production, Middle-of-life (MOL) which includes distribution, use and
providing support in terms of repair and maintenance, and End-of-life
(EOL) which involves the withdrawal of products with the aim of dis-
assembling, remanufacturing, reusing, recycling or disposing [32]. The
wider application of 14.0 technologies could take the PLM on a whole
new level. As for the agri-food sector, only IoT has found wider appli-
cation for PLM so far (e.g. [33]). However, there are examples of the
application of some other 14.0 technologies for PLM, such as: Al (e.g.
[34]), BD&DM (e.g. [35]), BC (e.g. [36]), CC (e.g. [37]), AR (e.g. [38]),
AM (e.g. [39]), which could find their potential application in the
agri-food sector as well.

Another important area of CE is Digital Transformation (DT) which
can be defined as an organizational strategy that involves the applica-
tion of digital technologies in order to improve business performance
[40]. It is generally defined by four basic dimensions, technology
application, value creation changes, structural changes, and the finan-
cial aspect [41]. As one of the main goals of 14.0 is the digitization of
physical objects and their integration into the digital environment [42],
14.0 technologies are the main drivers of digital transformation. In the
agri-food sector, DT is seen as one of the main drivers of the next agri-
cultural revolution, which could reduce the negative effects of the pre-
vious "green revolution" that has been recorded in the past couple of
decades [43]. 14.0 technologies that were specifically analyzed in the
context of DT in the agri-food sector are IoT and BD&DM (e.g. [43]), BC
(e.g. [44]), CC and PR (e.g. [45]), Al (e.g. [46]), AM (e.g. [47]) and DM
(e.g. [48]). In addition, there are examples of using 14.0 technologies for
achieving DT in some other sectors, such as AV (e.g. [49]) and AR (e.g.
[50D).
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There is a growing consensus in the literature that the transition to
CE offers a number of opportunities for systems to achieve a higher
degree of Resource Efficiency (RE) [51]. According to the most widely
accepted definition, RE means “the use of limited natural resources in a
sustainable way while minimizing environmental impact” [52]. In this
paper, the understanding of RE is raised to an even higher level, so in
addition to natural, it takes into account other resources, such as time,
people, money, equipment, vehicles, computer hardware and software,
etc. In recent years, it has been noticed in the literature that the
agri-food sector has become one of the most demanding and critical
sectors in Europe in terms of consumption of resources, primarily nat-
ural such as fossil fuels, minerals, groundwater, land, etc. [53], but also
others. This has led to greater interest of researchers in circularity in the
agri-food sector and the ways in which it supports the development of
innovations that promote RE [54]. These innovations in recent years are
reflected in the application of various I14.0 technologies. To achieve RE
in the agri-food sector, only IoT technology has been investigated in the
literature so far (e.g. [55]). In other sectors, there are examples of the
application of some other 14.0 technologies, such as: AV (e.g. [56]), AL
(e.g. [571), CC (e.g. [58]), BD&DM and BC (e.g. [59]), AM (e.g. [60])
and PR (e.g. [61]). Other 1.40 technologies have not yet been investi-
gated in the context of RE.

Smart Services (SS) are a powerful tool for achieving CE goals through
dematerialization, extending product life and improving digitization
efficiency [62]. SS is defined as “a digital service that emerges as a product
of collected and processed data based on networked, smart technical systems
and platforms” [63]. SS require cross-functional cooperation between
different areas, e.g. different sectors in the company or different com-
panies in the network, and provide services in one sector based on in-
formation collected in other sectors. This connection and mutual
cooperation of the sector is largely enabled by the application of 14.0
technologies. For the creation of SS in the agri-food sector, the appli-
cation of the following 14.0 technologies has been investigated in the
literature so far: IoT (e.g. [64]), AV (e.g. [65]), Al (e.g. [66]), BD&DM
(e.g. [671), BC (e.g. [68]), CC (e.g. [69]) and EMM (e.g. [70]). For
application in other sectors, AGV (e.g. [71]) and AR (e.g. [72]) tech-
nologies were investigated. So far, there are no examples of the appli-
cation of other 4.0 technologies in the field of SS.

Regardless of the reason for return, all products should tried to be
reused, if that is not possible their parts should be reused or they should
be remanufactured, and if none of this is possible then the products
should be recycled. Reuse (RU) is the process of using a product again for
the purpose for which it was originally intended or for some other
purpose [73]. Remanufacturing (RM) is "the rebuilding of a product to
specifications of the original manufactured product using a combination
of reused, repaired and new parts" [74]. Recycling (RC) is the process of
obtaining the raw material from waste materials after certain degree of
processing [75]. Reuse, remanufacturing and recycling are the main
interest areas of CE with which they are often identified. However, there
is one important difference between these processes and CE. They all
begins in the final stages of the product’s life cycle, when it becomes
waste or being withdrawn from the market, while the CE begins in the
earliest stages of the life cycle and aims to prevent waste from ever
occurring [76]. Technological innovations brought by 14.0 have a sig-
nificant impact on the field of reuse, remanufacturing and recycling in
all industries. So far, the application of the following I4.0 technologies to
support these processes in various fields has been investigated in the
literature: IoT (e.g. [77]), Al (e.g. [78]), BD&DM (e.g. [79]), BC (e.g.
[80]), CC (e.g. [81]) AR (e.g. [82]), AM (e.g. [83]) and PR (e.g. [84]).
However, no I4.0 technology has been explicitly explored so far for
performing reuse, remanufacturing or recycling processes in the
agri-food sector.

It is clear that there are researches dealing with the application of
certain I4.0 technologies for performing logistics activities (e.g. [4,5]) or
developing different areas of CE (e.g. [10]). However, there are no pa-
pers in the existing literature that deal exclusively with the wider
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application of 14.0 technologies for the development of individual areas
of CE in the agri-food sector, and this is the research gap that this paper
tries to cover.

3. Logistics 4.0 based circular economy in the agri-food sector

Areas of CE in which industry 4.0 technologies are used for the
realization of logistics activities in the agri-food sector are seen as the
alternatives in this paper. The aim is to identify those areas of CE that
contribute most to the sustainability of the CE system in the agri-food
sector and to which the greatest attention should be paid in the future
plans and actions. Most important CE interest areas in the agri-food
sector are described in the following.

3.1. Supply chain management

Since SCM is one of the broadest interest areas of CE, it provides most
opportunities for the application of various 14.0 technologies for per-
forming the activities of forward, reverse and business logistics. IoT is
used in almost all phases of the agri-food supply chain and all logistics
subsystems. It can be used for managing and processing orders and
exchanging information between different participants in the chain, for
managing transport operations, vehicle locating and routing, fleet
management, for managing warehousing operations (transshipment,
order-picking, loading/unloading), optimizing inventory levels, for
optimization of automatic packaging and labeling, development of
smart packaging that have the ability to monitor various parameters of
goods, etc. Considering the relationship between transport time, trans-
port costs and product perishability, the possibilities of applying AV in
agri-food SCM are more than wide. One of the most influential would be
the application of autonomous delivery vehicles as a replacement for
retail facilities. This would lead to a change in business and distribution
models which would be based on autonomous delivery of ordered goods
directly to consumers. AGV technology is widely used in various parts of
the agri-food supply chain, primarily for the implementation of internal
transport and transshipment processes in various nodes of the logistics
network (production facilities, terminals, ports, logistics centers, etc.).
Al-based systems in agri-food SCM contribute to maintaining the quality
of agri-food products through testing and monitoring of food at each
stage of the supply chain, enable sorting of products against a number of
criteria in a short time, provide and improve hygiene standards by
accelerating the sanitation of vehicles and equipment, enable the
preparation of food and beverages according to the specific re-
quirements of users, etc. The application of BD&DM technology facili-
tates SCM in the agri-food sector by supporting the management of
various segments of the supply chain, such as order processing, trans-
port, storage, inventories, packaging, available resources planning, last
mile optimization, customer loyalty management, supply chain risk
management, valorization of returns, etc. BC technology enables the
creation of transparent, reliable, unchangeable and verifiable records
that are the basis for the development of the agri-food traceability sys-
tem. CC technology provides the flexibility needed to cope with the
unpredictable variations in supply quality and quantity that characterize
agri-food supply chains. CC enables more efficient application of various
systems that are integral parts of SCM, such as Warehouse Management
System (WMS), Inventory Management System (IMS), Transport Man-
agement System (TMS), Intelligent Transport System (ITS), Package
Management System (PMS), etc. AR technology can be used to improve
the efficiency of agri-food product processing, product advertising,
quality assessment, etc. AM technology supports personalized mecha-
nisms for nutritional control and development of food products in
accordance with the specific requirements of users. These requirements
in terms of product characteristics are accompanied by requirements for
the delivery of these goods. In that way, the traditional supply chains are
being reconfigured and the so-called customized supply chains are being
established. PR technology is used in agri-food supply chains in the
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stages of providing raw materials (for sowing crops, harvesting, etc.), in
the production phase to perform various operations of processing, pro-
duction, packaging, etc., as well as in the distribution stages to perform
various storage operations (loading, unloading, sorting, etc.). EMM
technology makes it easier for participants in the agri-food supply chains
to procure, trade and cooperate with partners, diversify business op-
portunities, improve profitability and access the new markets that were
previously inaccessible due to the geographical barriers.

3.2. Circular business model

In the agri-food sector, 14.0 technologies can be applied for the
realization of numerous activities and processes in the field of business
logistics. IoT can be applied to establish a flow control system based on
Kanban management method to visualize the locations, times and
quantities of goods and materials collection/delivery, which is espe-
cially important for the agri-food products that have a limited expiration
date. IoT can also be used to collect large amounts of data, whose
adequate structuring and analysis using BD&DM technologies can
improve the overall circularity of the system. In addition, BD&DM can
be used to establish strategic and tactical decision support systems, to
plan agri-food logistics network by identifying locations for delivery and
collection of agri-food products and ways to connect them, manage
customer loyalty, as well as to assess innovative business models. Al can
be applied to simulate the CE system with the aim of auditing cooper-
ative agri-food networks, assessing the impact of changing business
models, as well as to forecast the potential for redistribution of pro-
duction. BC technology can enable better business cooperation between
network participants by ensuring the security and confidentiality of data
and information exchange, which is especially important for the logistics
of a sector whose flows are accompanied by a large number of docu-
ments, such as the agri-food sector. Agri-food is one of the sectors with
the greatest potential for the application of EMMs, especially in recent
years in the circumstances of the COVID-19 pandemic. This technology
enables the creation of new business models and logistics markets
through the expansion of supply and improvement of services.

3.3. Product lifecycle management

In the agri-food sector, various 14.0 technologies can support per-
formance of forward and reverse logistics operations encompassed by
the PLM as one of the interest areas of the CE. IoT can be applied for
establishing a platform for animal/food product information sharing,
track of raw materials and finished products, their surveillance during
consumption in the consumers’ households and undertaking the pro-
active corrective actions before the corruption of the products, e.g. food
spoilage due to the inadequate storage, expiration, etc. Al in combina-
tion with other 14.0 technology can be applied to support various
logistics-related operations in the agri-food sector. With the support of
BD&DM technology for market analysis, identification of target users
and their requirements, Al can be applied to agri-food product design,
rapid concept development based on existing products, improving the
quality of innovation and efficiency of product design, providing accu-
rate, high quality and personalized services of sales, product deliveries,
product returns and other related services, etc. In combination with AR
technology, Al can be used for personalized and collaborative product
design, especially packaging that can have a crucial impact on the agri-
food product attractiveness, product testing, product inspection, visu-
alization and planning of warehousing operations, etc. In addition to the
above, Al can be applied independently to improve the efficiency of the
raw material procurement process, selection of suppliers, planning
production schedules, improving automation, reliability and safety of
production, etc. In addition to the above, BD&DM can be used to
accurately predict supplier performance, irregular vehicle and equip-
ment maintenance processes, energy consumption, etc. BC technology
can be applied for PLM in the agri-food sector to manage customer
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relationships, product data, product quality, to track product origin,
prevent product counterfeiting, etc. CC facilitates the development of a
single PLM system that integrates various individual systems to control
internal operations, as well as the creation of a cloud production system.
AM strengthens PLM competencies by providing opportunities to
improve the performance of agri-food products, such as shorter time
from idea to market, fast creation of trial products, reduced product
development costs, improved product quality, better material control,
faster production, etc.

3.4. Digital transformation

Most of the technologies related to Industry 4.0 have a significant
impact on the DT in the agri-food sector through the implementation of
various business logistics activities. IoT enables digitalization of re-
lations between participants in logistics chains through the establish-
ment of systems for collecting, exchanging and managing information
on various chain processes quickly and accurately in order to overcome
problems arising from the great diversity of agri-food products and
specific requirements for the logistics processes they generate. These
systems have the ability to collect, monitor and analyze data in real time,
thus creating databases that can be used in decision-making processes.
CC technology enables wider and more efficient application of various
systems, such as Enterprise Resource Planning (ERP), Electronic Data
Interchange (EDI), telematics, etc., in the cloud. These systems enable
the collection of large amounts of data, various performance measure-
ments and feedbacks. With the support of BD&DM technology, these
systems support responsible business management, which, among other
things, enables the valorization of agri-food products, obtaining of
timely warnings, anticipating the adverse situations, planning the ac-
tions to eliminate the consequences, etc. Al enables digitalization of the
processes of monitoring the status of goods and means of transport, and
with the support of AR technology facilitates the implementation of
logistics activities, primarily those related to transport, e.g. navigation
and movement of vehicles in difficult conditions, improving the ability
of drivers, improving traffic safety, and thus goods, etc. EMMs are
closely related to DT because they are the main drivers of digitalization
of the market, which enables the realization of very fast electronic
transactions, which is of particular importance in agri-food supply
chains. As these electronic transactions are subject to abuse, the required
level of security is provided by the BC technology, which enables the
creation of digital contracts, digital bill of lading, etc. Unlike previous
technologies that predominantly contribute to the digitalization of the
company’s relationship with the environment, the following technolo-
gies digitize the company’s internal processes. AM as a new production
technology leads to the digitalization of food design and production
processes thus enabling product characteristics to be adapted to indi-
vidual requirements of consumers in relation to their health and physical
activity. PR technology contributes to the digitalization of the process of
storage/warehousing, sorting, internal transport and other activities
which support the production process.

3.5. Resource efficiency

Logistics operations provide additional margins for achieving RE in
the context of CE which by definition already implies resource saving
and does not leave much room for further improvements. These im-
provements in the agri-food sector can be achieved by applying various
14.0 technologies. IoT can be used to develop a system that improves
productivity based on the collection of data on the engagement of re-
sources, both natural and other, in real time and making adequate de-
cisions based on them. The system enables monitoring and identification
of processes that are less efficient and suggests actions for their opti-
mization. AVs, which often include electric drive, which automatically
select and follow optimal routes and do not require the involvement of
drivers, contribute to the reduction of natural resources, primarily fuel,
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but also other resources, primarily monetary, time and human. Al
technology, supported by BD&DM technologies for data collection and
analysis, can be used to identify potential places for resource ration-
alization, as well as resource savings through better planning of logistics
operations, primarily transport and inventory, but also ordering and
warehousing. Optimal planning of logistics operations reduces the
consumption of energy and other resources (people, money, time)
through better allocation and capacity planning. BC technology provides
savings in time and human resources through checking, controlling and
ensuring the accuracy and reliability of information and data on trans-
port documents, inventories status, customer requirements, providers
and other participants in the chain. CC technology through sharing en-
ables savings in the purchase and use of hardware and software re-
sources used in all phases of the logistics chain, as well as the people
needed to install and maintain them. Through the visualization of pro-
duction and logistics operations, primarily transport, storage and
transshipment, AR technology enables better preparation, planning and
optimization of processes in the agri-food sector. Due to better organi-
zation and training of workers, natural resources can be saved, primarily
energy and raw materials, but also other resources, such as time, money
and people. AM enables the reduction of energy consumption, primarily
fuel, due to the reduction of transport activities due to the use of raw
materials that can be found closer to the place of production. Addi-
tionally supported by PR technology, AM also enables the reduction of
manpower that has been replaced by machines, as well as costs and time
of performing production and logistics processes, primarily trans-
shipment and warehousing, but also AGV supported internal transport
processes. EMM enables the allocation of resources, primarily monetary,
time and human, which would initially be used for the implementation
of traditional trade operations, to other activities, primarily logistics
(transport, storage and distribution).

3.6. Smart services

In the agri-food sector, most 14.0 technologies are applied to the
development of smart services in all phases of the supply chain, i.e. in
the forward, reverse and business logistics sectors. IoT can be used in the
part of the supply chain in charge of procurement of raw materials to
provide crop performance assessment services. IoT enables the devel-
opment of a system for monitoring and analysis of crop data in real time,
which creates the conditions for finding crops that achieve the best yield
in local cultivation conditions. IoT can also be used to develop systems
that identify shortages or expiration of certain agri-food products, and
automatically initiate procurement and distribution or reverse logistics
processes. Combined with CC and BC technologies, IoT enables the
development of advanced product tracking services. CC provides ser-
vices for collecting, storing, sharing, managing and analyzing data on
agri-food products anywhere, anytime and from any computer, with the
only condition of being able to connect to the internet and access to a
web browser. CC in combination with EMM technology can be used to
develop a smart online shopping platform that can provide essential
information to both buyers and sellers that can ultimately lead to higher
sales and higher profitability, improved marketing and pricing strate-
gies, etc. Furthermore, EMM in combination with AR technology can be
used to improve the experience of online retail shopping by providing
potential customers not only to review the product to the smallest detail,
but also to suggest modifications that can be implemented using AM
technology (e.g. product or packaging customization, installation of
various sensors, etc.). AV can be used for smart agriculture, for the
processing like sowing, fertilizing and harvesting agricultural products,
i.e. for the processes of providing raw materials in the supply chain.
They can also be used in the phases of agri-food supply chains in charge
of distributing and delivering products to the end users, as well as col-
lecting and returning them in reverse logistics processes. AGV vehicles
can replace the work of people in harsh environments that prevail in the
nodes of agri-food supply chain networks that arise as a result of
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requirements for certain temperature regimes. In combination with PR
and Al technologies, they can be used for automatic collection, sorting
and packing of eggs, milking and feeding cows, automatic cleaning,
reloading, transshipment, etc. In addition, Al technology can facilitate
decision-making based on data and forecasts. Also, Al in combination
with BC technology can be used to develop smart contract systems in
which BC allows a combination of payment, financing and visibility
systems and Al technology allows face recognition as a way to eliminate
fraud in agri-food supply chains. In addition, BC technology enables
reliable product traceability, which is especially important in the agri-
food sector. BD&DM technology can be applied for forecasting, bench-
marking and creating risk management models, e.g. poor crop yield due
to adverse weather conditions, etc.

3.7. Reuse/remanufacturing/recycling

Reuse, remanufacturing and recycling are the main processes that
drive the return logistics activities. Reuse in the agri-food sector mostly
refers to the redistribution of products in order to reduce the volume of
surplus products generated. Remanufacturing also referred to as the
refurbishment or reconditioning, in the agri-food sector implies the re-
turn of the damaged or faulty packaged products, misshaped products,
wrong weighted products, broken products, etc., with the aim of elim-
inating these shortcomings and re-producing the same products in
accordance with the expected and designed characteristics. Recycling in
the agri-food sector refers to the use of raw materials obtained from
processing the returned or waste products to produce other products,
such as animal food, biomasses for fertilization, energy sources (bio-
fuels), etc. Almost all 14.0 technologies used in this interest area of CE
are used in order to form a single waste and returnable management
system whose ultimate goal is to collect waste and returnable materials,
transport them to the appropriate processing centers (recycling, redis-
tribution or remanufacturing centers) and redistribute them or process
them so that they can be used again as raw materials to produce the
same product (remanufacturing) or new product (recycling). Accord-
ingly, the system consists of four basic modules: collection, transport,
redistribution, and processing. In the collection and redistribution
modules, IoT technology can be used to communicate objects such as
waste collection bins, vehicles and retail shops, which ensure efficient
and fast waste collection, distribution, better utilization of vehicles,
better route planning, etc. In this module, as well as in the transport
module, there is a wide scope for application of the AV technology. With
the support of BD&DM technologies, which collect, store and process
large amounts of data, and Al technology, which allows automatic de-
cision making, these vehicles reach their full potential and can
completely independently perform processes of collection, distribution
and transport. AGV technology can be used in the processing module to
perform the internal transport process. Other technologies such as IoT,
BD&DM, Al and PR are used in this module to implement the processes
of sampling, classification, sorting, monitoring, as well as for data sta-
tistical analysis. AM technology through promoting in-situ recycling
affects all three modules since it enables local sourcing, which simplifies
collection processes, reduces transport distances and thus makes it
cheaper, and combines processing with production activities. BC tech-
nology allows tracking of materials with unique codes or digital badges
from the moment of collection to the moment of processing. With CC
technology, the entire waste and return management system can func-
tion fully in the cloud, reducing the required hardware and software
resources.

4. Methodology

To solve the MCDM problem in this paper, a novel hybrid model is
defined that combines AHP and COBRA methods. The AHP method was
used to obtain criteria weights, while the COBRA method was used to
rank the alternatives.
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The AHP method, developed by Saaty [85], is based on the estab-
lishment of a hierarchical model with the main goal at the top, criteria
and sub-criteria at the lower level of the hierarchy and alternatives at the
bottom. This method enables the solution of complicated problems
through the analysis of simultaneous interactions of numerous factors in
a complex, unstructured environment [86]. The main advantages of the
method are its flexibility and simplicity in finding solutions, it allows
subjective and objective consideration of both qualitative and quanti-
tative information, allows decomposition of problems into hierarchical
levels, which enables analysis of problems with varying degrees of
detail, measures the consistency of evaluation made by the decision
makers, etc. [86]. The AHP method is very popular and has found wide
application in various fields, including logistics (e.g. [87]), 14.0 (e.g.
[88]) and CE (e.g. [89]). Due to the mentioned advantages, and above
all due to the possibility of hierarchical structuring of the problem, this
method was chosen to determine the weights of criteria and sub-criteria
in this paper.

The COBRA method developed by Krsti¢ et al. [5], is based on
ranking the alternatives according to the comprehensive measure of
distance obtained as a combination of multiple distance measurements,
namely Euclidian and Taxicab, from the multiple solutions, namely
positive ideal, negative ideal and average solution. Finding a compro-
mise solution, the ability to consider criteria that have different mea-
sures, the need for minimal intervention of decision makers, stability
and ease of use are the main advantages of this method and the main
reason why it was chosen in this paper to rank the alternatives. The
COBRA method is one of the youngest MCDM methods and has only
been used so far in the literature for ranking the applicability of the
Industry 4.0 technologies in reverse logistics [5].

Application steps of the proposed hybrid MCDM model are described
below.

Step 1: Define the problem structure. First, it is necessary to define
the elements of the structure, i.e. the objective, alternatives (vari-
ants) and the criteria for their prioritization.

Step 2: Define the evaluation scale. The pair-wise comparisons and
the evaluations of the alternatives in this paper are done by using the
standardized nine-point scale (Saaty scale) (Table 1) [85].

Step 3: Obtain the criteria weights by applying the AHP metod.
Step 3.1: Form a matrix for pair wise comparison of the elements:

P P2t Puo
P= p:ZI p;22 P:20 i =1, pi = 1/17[/7 P #0 @
Po1 Po2 =t Poo

elements of which are p; (ij = 1,2,...,0) and denote the importance of
element i in relation to element j, and o is the total number of elements.

Step 3.2: Obtain the element weights based on the eigenvector. First,
it is necessary to set up a matrix equation:

PW = Apax W 2

Table 1
Saaty scale for criteria evaluation.

Numerical value Linguistic assessment

1 Equal importance

3 Moderate importance

5 Strong importance

7 Very strong importance
9 Extreme importance

2,

4618 Intermediate values
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where W is the element weights matrix, and Apqy is the eigenvalue of the
matrix A. Eq. (2) becomes equation:

(P - j'maxl)‘/v =0 (3)

where I is the identity matrix (matrix whose elements on the main di-
agonal have a value of 1).
Amax 1S obtained by solving the equation:

det(P — Amaxl) =0 4

Based on the value Ayqy and by transforming the matrix Eq. (3), the
system of linear equations is obtained. By solving this system of equa-
tions, while respecting the condition > ,w; = 1, the values of the
element weights w; are obtained.

Step 3.3: Determine the consistency of the evaluations. In order to
control the results of the method it is necessary to calculate the
Consistency Ratio (CR) for each matrix and the overall inconsistency
of the hierarchical structure. CR is calculated as follows [85]:

CR = CI/RI, (5)

where CI denotes the Consistency Index and can be calculated as:

CcI = M 6)
n—1
RI denotes the Random Index values of which, for the matrix of
different sizes, can be seen in the paper of Saaty [85]. CR is used for
checking the consistency of pair wise comparisons and must be less than
0.10. Only then it can be said that the comparisons are acceptable.

Step 4: Rank the alternatives using the COBRA method [5].
Step 4.1: Establish the evaluations a;; of the alternativesj (j = 1,...,m)
in relation to criteria i (i = 1,...,0), thus forming the decision matrix

ay  dpp o Ay
a a . a

e R @
Aul Qm2 Ao

where o is the total number of criteria, and m is the total number of the
alternatives taken into consideration.

Step 4.2: Form the normalized decision matrix A:

A= lagl,,, ®
where
a;;
i = ., 9
maxjaij

Step 4.3: Form the weighted normalized decision matrix 4,, in the
following way:

Ay, = [wi x ay] 10)

mxo’

where w; is the relative weight of criterion i.
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Step 4.4: For each criterion function determine the positive ideal
(PIS;), negative ideal (NIS;) and average solution (AS;) in the
following way:

PIS; = max;(w; X a3),Vi=1,..,0fori € B

PIS; = min; (w; x a;),Vi=1,..,0fori € C’ (11)
NIS; = min;(w; x a3),Vi=1,...,0fori € B (12)
NIS; = max,-(wi X a,-j),Vi =1,..,0forie C’
;(W,- X a;)
AS; =5 ,Vi=1,...,ofori € B,C, 13)
o

where B is the set of benefit and C the set of cost criteria.

Step 4.5: For each alternative determine the distances from the
positive ideal (d(PISy) and negative ideal (d(NIS;)) solutions, as well
as the positive (d(AS;")) and negative (d(AS;)) distances from the
average solution in the following way:

d(S;) = dE(S)) + 6 x dE(S;) x dT(S;),Vi=1,....0 (14)

where S; represents any solution (PIS; NIS; or AS)), ¢ is the correction
coefficient obtained in the following way:

6 = max;dE(S;); — minydE(S;); 15)

dE(Sy); and dT(Sy); denote the Euclidian and Taxicab distances,
respectively, which are for the positive ideal solution obtained as
follows:

dE(PIS,); = |3 (PIS; = wi x ;)" Vi = 1,..om, Vi=1,...0 16)

i=1

0

dT(PIS); =Y |PIS; —wi x ay|, Vj = 1,...,m, ¥i=1,...,0 a7

i=1

for the negative ideal solution obtained as follows:

o

dAE(NIS); = |3 (NIS; = wi x @)’ Vj =1, ..om, ¥i=1,...0 18)

i=1

dT(NIS;); = > |NIS; —w; x ay|, G = 1,..,m,Vi=1,....0 19)

i=1

for the positive distance from the average solution obtained as follows:

dE(AS)] = \/Z TH(AS —wi x @), V= 1, om, Vi=1,...,0 (20
i=1

dT(AS)] =Y " |NIS;—wix ag|, ¥ =1,...m, Vi=1,...,0 (21)

i=1
where

+7{11fAS,-<w,~><ot,-j 22)

- OifAS,‘>W,'><(ll-j

and for the negative distance from the average solution obtained as
follows:

dE(AS)); = \/Z T (AS; —wi x @) Y = 1, om, Vi= 1,0 23)
i=1
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dT(AS); =Y v |NISi—wix ay|, ¥ =1,...,m,Vi=1,...,0 (24)

i=1

where

(25)

_ JLIifAS; > wi x ay
0 ifAS; <w; X @

Step 4.6: Rank the alternatives according to the increasing values of
the comprehensive distances (dC;) obtained in the following way:

d(PIS;); — d(NIS,); — d(AS));] + d(AS,);

de = 4

Vi=1lium  (26)

5. Prioritizing CE interest areas in the agri-food sector

Prioritizing the CE interest areas is the MCDM problem which is
solved by applying the established model. The first step of the model
implies the definition of the problem structure (objective, alternatives,
criteria and sub-criteria). The objective is clear, to identify the CE in-
terest areas that contribute most to the sustainability of the CE system in
the agri-food sector. Alternatives are thus the CE interest areas explained
in Section 3. The only elements remaining for the establishment of the
problem structure are the criteria and sub-criteria for the evaluation of
the CE interest areas.

Since CE is a systemic approach to economic development designed
to benefit businesses, society, and the environment, three main criteria
are defined, namely Economic (Ec.), Social (So.) and Environmental (En.).
All this criteria are composed of sub-criteria.

Economic criterion includes the following sub-criteria. Implementa-
tion costs (Ec.1) — Costs of adapting technology to a specific purpose,
purchasing equipment, software development, training of workers,
development of necessary regulations, etc., which will enable the
application of 14.0 technologies for the implementation of logistics
processes within the CE area of interest. Operational costs (Ec.2) —
Reduction of operating costs of logistics activities (ordering, packaging,
distribution, collection, storage, transport, inventories, transshipment,
etc.) as a result of the application of 14.0 technologies within the CE area
of interest. Material value preservation (Ec.3) — The degree of preservation
of the value of goods or materials that is enabled by the application of
14.0 technologies in logistics processes within the area of interest of CE.

Social criterion includes the following sub-criteria. Health (So.1) —
Degree of reduction of negative effects of the logistics activities, pri-
marily transport, on the health of people as a result of the 14.0 tech-
nologies application within the CE interest area. Safety (So.2) — Degree
of people safety improvement, primarily pedestrians and drivers, but
also workers in the logistics and processing facilities, throughout the
logistics network as a result of the 14.0 technologies application within
the CE interest area. Labor market (So.3) — Degree of positive influence of
the CE interest area on the labor market, i.e. job creation and simplifi-
cation of work activities as a result of 14.0 technologies application
within the CE interest area.

Environmental criterion includes the following sub-criteria. Waste
reduction (En.1) — The contribution of the CE interest area to waste
reduction as a result of the application of I4.0 technology for the
implementation of logistics activities within this area. Emissions reduc-
tion (En.2) - Contribution of the CE area of interest to the reduction of
emissions of gasses, particles and noise as a result of the application of
14.0 technology for the implementation of logistics activities within this
area. Energy resource preservation (En.3) - Degree of preservation of
renewable and non-renewable energy sources as a result of the appli-
cation of 14.0 technologies for the implementation of logistics activities
within this area.

The following steps of the proposed model imply the establishment
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of the criteria and sub-criteria weights using the AHP method and the
ranking of the alternatives using the COBRA method. The evaluations
necessary for the application of these methods are obtained through the
series of roundtables and interviews with the experts with many years of
experience belonging to various groups, such as members of the
academia, representatives of logistics service providers, and logistics
service users (manufacturing and trading companies). The evaluations
are synthesized in the way that majority evaluations of some criteria or
alternative were adopted as the representative evaluation of the entire
expert pool. The pair wise comparisons of the criteria and sub-criteria
obtained in this way were used to establish the pair wise matrices, by
applying the Eq. (1). By applying the Eqs. (2)-(4) the criteria and sub-
criteria weights are obtained. Pair wise matrices and the obtained
weights are presented in Table 2. By applying the Egs. (5) and (6) the
consistencies of the evaluations are checked and all values were less than
0.1, which means that all comparisons are acceptable.

The final sub-criteria weights are obtained by multiplying the
weights of sub-criteria with the weights of the corresponding criteria.
The obtained sub-criteria weights are w(Ec.1) = 0.160, w(Ec.2) = 0.088,
w(Ec.3) = 0.292, w(So.1) = 0.160, w(So0.2) = 0.088, w(So0.3) = 0.048, w
(En.1) = 0.082, w(En.2) = 0.041, w(En.3) = 0.041.

Evaluations of the CE interest areas in relation to the established sets
of sub-criteria, established by the expert pool, were then used to rank the
alternatives using the COBRA method. Decision matrix is obtained ac-
cording to the Eq. (7) (Table 3).

Decision matrix is then normalized using the Egs. (8) and (9), and
weighted using the Eq. (10). For each criterion function positive ideal
(PIS)), negative ideal (NIS;) and average solution (AS;) are obtained using
the Egs. (11), (12) and (13), respectively. By applying the Eqs. (14) - (25)
the distances from the positive ideal (d(PISy)) and negative ideal (d
(NIS)) solutions, as well as the positive (d(AS;")) and negative (d(AS; ))
distances from the average solution are obtained for each alternative. By
applying the Eq. (26) comprehensive distances (dC;) are obtained and by
arranging them in the increasing order the final ranking of CE interest
areas is established. Values based on which the ranking is established, as
well as the ranking itself are presented in Table 4.

In order to check the stability of the obtained solution, a sensitivity
analysis is performed. The results presented in the Table 4 are taken as
the basic scenario (Sc.0). In addition to this one, four more scenarios
have been defined. In the first one (Sc.1) all criteria weights have been
equalized. In the remaining scenarios (Sc.2, Sc.3 and Sc.4) the three
most important criterions have been neglected, respectively. The ob-
tained results of the sensitivity analysis are presented in Table 5 and
Fig. 1. RU/RM/RC was ranked as the best in most of the scenarios (in 3
out of 5), while the SCM is ranked as either the second best (in 3 out of 5
scenarios) or even the best one (in 2 scenarios). It can be concluded from
the results that the most important CE interest area is RU/RM/RC, fol-
lowed by the SCM and PLM.

6. Discussion

Results indicated that the RU/RM/RC, SCM and PLM are the interest
areas that contribute most to the sustainability of the CE system in the
agri-food sector and to which the greatest attention should be paid in the
future plans and actions. RU/RM/RC is expectedly the most important
area since it is a driver of the reverse logistics operations and thus one of

Table 2
Pair wise comparison of criteria/sub-criteria and obtained weights.
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the core areas of the CE. Thus, in most economic sectors this area has
been fully developed with very little margin left to make further dra-
matic improvements. However, this area has been somewhat limited in
the agri-food sector due to the specific characteristics of the product
which limits their reusability, recyclability and remanufacturability
[90]. and its use. This is one of the main reasons why this area is
considered most important in the context of circularity of the agri-food
sector. SCM is the area covering the greatest extent of the logistics ac-
tivities among the CE interest areas [91]. Since it opens wide space for
optimization of logistics activities in order to achieve sustainability of
the CE system in all sectors, including the agri-food sector [92], SCM is
also expectedly highly rated. PLM is also seen as a key concept for
ensuring a transition towards more sustainable production and con-
sumption patterns [93]. Since the agri-food production systems and
consumption patterns are among the leading drivers of impacts on the
sustainability [94], the PLM should be one of the main focus areas in the
plans and strategies for achieving the sustainability of the CE in the
agri-food sector.

The theoretical implications of the conducted research are reflected
in the creation of a framework for the evaluation and ranking of CE
areas, the definition of an original set of criteria for this evaluation, as
well as the identification of CE areas in which the application of Industry
4.0 technologies would improve the efficiency of the implementation of
logistics activities in the agri-food sector to the greatest extent. Re-
searchers could use the mentioned framework as well as the defined set
of criteria to rank CE areas in sectors other than agri-food, which makes
them universally applicable. Identifying the most significant areas of CE
in the context of the application of Industry 4.0 technologies for the
realization of logistics activities in the agri-food sector should direct the
focus of researchers towards the identification of new technologies and
the possibilities of their application in these areas. The practical
(managerial) implications of the conducted research are reflected in the
provision of support to decision makers who belong to different stake-
holders (research and development, manufacturing, sales, and con-
sumers) and policymakers at different levels (local, national, and
regional authorities) when making decisions about the creation of
strategies and plans. The results of this research define the focus of
future actions that should be undertaken to improve the circularity of
the agri-food sector. For RU/RC/RM, these actions would entail
launching initiatives and providing incentives (e.g. through subsidies,
tax reliefs, etc.) for the development and application of Industry 4.0
technological solutions which would increase the recyclability, reus-
ability, and remanufacturability of the agri-food products and encour-
aged the use of such products by consumers. In the case of SCM and PLM,
these actions would imply a redefinition of business models by the
management of manufacturing, trading, and logistics service provider
companies to focus on circularity as one of the main conditions for
gaining a competitive advantage in the market.

A new hybrid MCDM model, which combines AHP and COBRA
methods, was developed in this paper, Although these methods are not
new, they are combined for the first time in this paper to overcome the
shortcomings and use the advantages of the individual methods. The
AHP method belongs to the group of pair vise comparison methods,
which means that it requires a comparison of all pairs of elements (al-
ternatives or criteria) in relation to all elements from a higher hierar-
chical level [95]. In the case of the problem from this paper, it would

Criteria Sub-criteria

Ec. So. En. Ec.1 Ec.2 Ec.3 So.1 So.2 So0.3 En.1 En.2 En.3
Ec. / 1.00 2.00 Ec.1 / 2.00 0.50 So.1 / 1.00 2.00 En.1 / 2.00 2.00
So. 1.00 / 1.00 Ec.2 0.50 / 0.33 So.2 1.00 / 1.00 En.2 0.50 / 1.00
En. 0.50 1.00 / Ec.3 2.00 3.00 / So.3 0.50 1.00 / En.3 0.50 1.00 /
w 0.54 0.30 0.16 0.30 0.16 0.54 0.54 0.30 0.16 0.50 0.25 0.25
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Table 3
Evaluations of the CE interest areas in relation to sub-criteria.
Ec.1 Ec.2 Ec.3 So.1 So.2 So.3 En.1 En.2 En.3
SCM 5 9 7 9 9 8 8 9 8
CBM 9 8 6 5 4 5 6 4 7
PLM 8 4 8 6 3 4 7 3 6
DT 6 3 4 3 7 7 4 6 4
RE 4 6 3 7 2 3 2 2 9
ss 3 5 5 4 6 9 3 7 5
RU/RM/RC 7 7 9 8 8 6 9 8 3
method, namely its complexity in obtaining results based on already
Table 4
) . . collected data [5].
Final ranking of the CE interest areas. . . - . . 1s .
The theoretical implications are reflected in providing a basis for
d(P1s) dNIs)  d(ash  das)  dc Rank researchers to develop new hybrid MCDM models of that would include
SCM -0.244  0.508 0.234 -0.209  —0.048 2 the whole or individual parts of the model developed in this paper. The
CBM —-0.044  0.123 0.029 —-0.168  -0.015 4 practical (managerial) implications are reflected in the possibilities of
PLM —0.218  0.392 0.160 —0.103  —0.034 3 applying the defined model by practitioners to solve problems from this
DT 0.441 —0.491 —0.278 0.247 0.056 6 her field. The defined del i . 1 licabl dwith
RE 0.596 _0518  —0225 0411 0.069 7 or some ot. er field. The defined model is universally applicable an wit]
ss 0.355 _0.460 _0.258 0.148 0.047 5 certain adjustments, it could be used to solve problems in any field.
RU/RM/RC —0.887 0.447 0.338 —0.326 —-0.079 1

imply significantly more evaluation, and therefore the consumption of
limited resources (time, human, computational, etc.) in the phase of data
collection and processing. On the other hand, the COBRA method, which
belongs to the group of distance-based methods, is not adequate for
obtaining criteria weights. The aforementioned reasons were the main
motivation for integrating these two methods into a single model. The
limitation of the defined model stems from the limitations of the COBRA

7. Conclusion

The goal of this paper was to identify the CE interest areas which are
most affected by the application of the I4.0 technologies for performing
the logistics activities within the agri-food sector. After establishing the
alternatives, they were evaluated in relation to the defined set of criteria
and ranked. For obtaining the criteria weights the AHP method is used,
while the COBRA method is used for obtaining the final rank of the
alternatives.

Table 5
Sensitivity analysis.
Sc.0 Sc.1 Sc.2 Sc.3 Sc.4
dc Rank dcC Rank dcC Rank dc Rank dcC Rank
SCM —0.048 2 —0.060 1 —0.038 1 —0.060 2 —0.034 2
CBM —0.015 4 —0.005 3 —0.017 3 0.005 4 —0.022 4
PLM —0.034 3 0.012 4 —0.003 4 —0.026 3 —0.036 3
DT 0.056 6 0.027 6 0.029 6 0.059 6 0.043 6
RE 0.069 7 0.043 7 0.027 5 0.063 7 0.081 7
SS 0.047 5 0.015 5 0.038 7 0.033 5 0.039 5
RU/RM/RC —0.079 1 —0.035 2 —0.036 2 —0.078 1 —0.073 1
RU/RM/RC CBM
SS ~— PLM
RE DT
=Sc.0 Se.1 Sc.2 Se3 Sc.4

Fig. 1. Sensitivity analysis.
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One of the main contributions of this paper is the investigation of the
wider application of 14.0 technologies for performing the logistics ac-
tivities within the individual areas of the CE in the agri-food sector.
Another one is the establishment of a framework for the evaluation and
identification of the main interest areas which will be in focus of future
plans, actions and development strategies aiming at achieving the sus-
tainable CE in the agri-food sector. Significant contribution is also the
definition of a unique set of criteria for the evaluation of the CE interest
areas. Last, but certainly not least contribution is the development of a
novel hybrid MCDM model which combines AHP and COBRA methods.
Future researches could investigate the applicability of the 14.0 based
logistics activities in the main CE interest areas for some other sector.
Since CE is a concept that influences multiple stakeholders, future re-
searches could also investigate main CE interest areas priority in relation
to the individual aims and goals of the various stakeholders, as well as
the compromise priorities in relation to all of their goals combined.
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