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ABSTRACT Industry 5.0 complements the Industry 4.0 approach by enabling the transition of industry
digitization to a sustainable, human-centered and resilient paradigm. This paper delves into the exploration
of enabling technologies that facilitate both Industry 4.0 and Industry 5.0 in the context of supporting supply
chain (SC) logistics. The paper defines the principles of Logistics 5.0, which focuses on smart logistics
systems for customized distribution, transportation, inventorymanagement andwarehousing by emphasizing
interconnectivity, digitization, and optimization across SC operations. The traditional logistics framework
requires innovative solutions grounded in emerging Industry 5.0 technologies capable of capturing and
processing extensive datasets to empower decision-making based on information and knowledge. A com-
prehensive research has enabled to critically analyze enabling Industry 5.0 technologies by assessing their
application status through real-case scenarios within SC Logistics 5.0. Furthermore, the paper identifies
research gaps in the reviewed technologies by outlining promising areas for each Industry 4.0 technology.
This guidance aims to direct future studies toward the practical application of technologies in supporting
Logistics 5.0.

INDEX TERMS Industry 4.0, industry 5.0, logistics 5.0, supply chain, sustainability, technologies.

I. INTRODUCTION
One of the main objectives of industrial production and logis-
tics is to meet customer demands, which are ever-changing
because consumers demand individualized products in short
delivery times [1]. With globalization, meeting consumer
needs has become a challenge, and companies need new
forms of production and logistics to avoid increasing costs
and competitive disadvantages. Moreover, the new pro-
duction and logistics era has to deal with current global
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business environments characterized by being unpredictable
and competitive [2]. The incorporation of novel technologies
will enable enterprises to respond and adapt to disruptive
events by allowing sustainable recovery to return to the state
before disruption, or to attain new better performance [3].
In this regard, Industry 4.0 and 5.0 are changing enterprises
and supply chains’ (SCs) strategies through new ways of
managing production and logistic processes, creating new
opportunities to achieve flexible processes and producing
the personalized products demanded by consumers [4]. The
responsiveness, agility and resilience of SCs can, therefore,
be achieved according to Industry 4.0 and 5.0 principles via
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FIGURE 1. Industrial revolution evolution.

the connection of processes in a network where vast amounts
of data are processed. Such information will be useful for
decision making in logistic processes by allowing SC enter-
prises to increase their recovery capacity to face disturbances.

The Industry 4.0 concept was designed as a program
to improve the manufacturing industry’s productivity [5].
Throughout history, social, economic and technological
transformation processes called industrial revolutions have
taken place (FIGURE 1). Today’s current industrial revo-
lution evolution is starting to be based on Industry 5.0,
which includes Industry 4.0 principles, but evolves on its
‘‘objectives to leverage the creativity of human experts in col-
laboration with efficient, intelligent and accurate machines’’
to obtain human-centered solutions compared to Industry
4.0 by covering long-term resilience and ensuring sustainable
principles.

Many authors define Industry 4.0 as a global transforma-
tion of the manufacturing industry due to the introduction
of digitization and the Internet, which has resulted in
improvements to processes of design, manufacturing, logis-
tics, operations, product services and systems [6]. The term
Industry 4.0, or the fourth industrial revolution, refers to the
use of recent digital technologies in industrial production.
These technologies are often interconnected and allow new
and more efficient processes and lead, in some cases, to the
production of new goods and services. Many associated tech-
nologies range from developments in machine learning (ML)
and data science, which allow increasingly autonomous and
intelligent systems, and low-cost sensors that support the
Internet of Things (IoT) [7]. According to [8], the techno-
logical pillars that stand out in Industry 4.0 are: (i) robots; (ii)
simulation of integration systems; (iii) the IoT; (iv) artificial
intelligence; (v) cybersecurity; (vi) cloud computing; (vii) 3D
technologies; (viii) augmented reality; (ix) big data. More
recently, the work of [9] has complemented the following
Industry 4.0 technologies: (i) cyber-physical systems (CPS);
(ii) automated guided vehicles (AGV); (iii) track and trace
(T&T) systems; (iv) machine-to-machine (M2M); (v) smart
products; (vi) blockchain; (vii) Radio Frequency Identifica-
tion (RFID).

The objective of Industry 4.0 does not focus on the poten-
tial role that SCs can play in the service of society and by

taking into account our planet’s environmental limits. And
so it is that the Industry 5.0 concept arises, whose main
objective is to provide solutions for SC’s productive and
logistical problems with a resilient, sustainable and people-
oriented vision [10], [11]. Hence the aim is to eliminate or
reduce the possible effects of negative externalities, and to
ensure economic growth, by means of society’s greater well-
being, ecological transition, digitization, sustainable growth,
and the resilience of companies and institutions, especially
in the current business environment that is characterized by
multiple consequences due to the effects of the COVID-19
pandemic.

According to [10], Industry 5.0 should not be understood as
a chronological continuation of Industry 4.0. It corresponds
to an initiative that frames industry and society’s new trends
and needs. Therefore, Industry 5.0 complements and extends
the distinctive features of Industry 4.0.

There is generalized concern about meeting customer
demand, which is characterized by highly personalized prod-
ucts and short delivery times. To achieve this, academics and
practitioners focus their efforts on optimizing the logistics
system by making it more reliable, flexible and agile, and
definitively more resilient, to unforeseeable natural disas-
ters and man-made catastrophes. Logistics, as we know it,
requires new solutions that follow the Industry 5.0 trend to
increase human interaction, enhance SCs’ resilience and fol-
low sustainable principles. Thus logistics must evolve toward
the application of emerging technologies linked with the
ability to capture and process vast amounts of data and to
perform actions based on the information that results from
such processing. These solutions are necessary for the uptake
of Industry 5.0 and will henceforth be named Logistics 5.0 in
this paper.

The guiding research question is: What is the state of
research into the technologies that support Logistics 5.0 to
improve human-centeredness, resilience and sustainability in
SCs?We divided it into three subquestions:

• RQ1. What technologies potentially support Logistics
5.0?

• RQ2. What is the status of applying these technologies
in real cases?

• RQ3: What research gaps can be addressed by future
research regarding Logistics 5.0 technologies?

The primary analysis limited the considered technologies
to those with a clear potential to improve Logistics 5.0 SC
processes, resilience and sustainability. This study also ana-
lyzes the limitations of the reviewed articles, the extent to
which the proposed technologies have been implemented into
the industry, and future research lines. Finally, a set of tools
of relevant application to support Logistics 5.0 is narrowed
down by focusing on those that address both SC resilience
and sustainability aspects. The article is organized as follows:
Section II presents the theoretical background. Section III
defines the review methodology. Section IV contains the
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results. Section V discusses the obtained results. Section VI
concludes the paper.

II. THEORETICAL BACKGROUND
A. RESILIENCE
According to [12], SC resilience responds to SCs’ adaptive
capability to reduce the probability of facing sudden disrup-
tions related to disturbances in flows of materials, products
or services. We agree with [13] about academics and practi-
tioners having to deal with new collaborative approaches that
empower SCs against disruptions. This is done by applying
new technologies from the Industry 5.0 scope and imple-
menting them by considering that collaborative principles
are key actions to achieve higher levels of visibility, agility
and flexibility, which are extremely valuable SC capabilities
during the recovery process [14], [15]. Moreover, integrated
logistics capabilities enable the achievement of enhanced SC
resilience. In line with this, the work of [16] highlights the
importance of integrating logistic capabilities toward positive
influences on SCs’ resilience. It is worth highlighting the
works of [17], [18], [19], [20], [21], and [22] that identify
positive relations between logistics and SCs’ resilience.

B. SUSTAINABILITY
Sustainable SC management is an approach that encourages
companies to improve from a sustainability perspective, i.e.,
companies take care of integrating economic, social and envi-
ronmental goals into SC processes [23], [24]. According to
[25] and [26], a sustainable SC is based on the: (i) analysis
of social aspects, and their quantification and integration
with economic and environmental aspects; (ii) environmen-
tal risk management; (iii) a sustainability analysis in areas
like transport and storage. The sustainability area is also
related to logistics through the concept of reverse logistics
and closed-loop SCs. According to [27], reverse logistics
aims to increase the industry’s sustainability with the recy-
cling, remanufacturing or reprocessing of products, and the
repair and safe disposal of products and components. When
addressing Industry 5.0, SCs and sustainability, it is worth
mentioning the work by [28], whose review highlights current
knowledge of SCs 4.0 from the sustainability perspective.

C. HUMAN-CENTERED
The transformation of the industrial sector since Industry
4.0 emerged has been based mainly on the increasing dig-
itization and interconnection of technologies like the IoT,
cyber-physical systems (CPS), artificial intelligence (AI),
the digital twin (DT), ML, collaborative robots, among oth-
ers. In this context, concepts like Operator 4.0 [29] have
appeared and are based on meeting their work needs by using
technology in their workplaces. However according to [30],
this promising perspective is now completely disconnected
from the human factor point of view despite the fact that
technological developments have fundamentally changed its
role in productive systems. Industry 5.0 covers the human

interaction by leveraging human expertise to collaborate with
potent, clever and precise technologies [31]. This transforma-
tion requires constantly updating workers’ knowledge [32]
to optimize their performance in their current positions and
to develop the skills they need to occupy the new positions
that will be created because of the business environment’s
evolution [33], [34].

D. SUPPLY CHAIN 5.0
SC5.0 is characterized by a high interconnection level
between physical and digital environments, where IoT sen-
sors allow real-time information to be collected and trans-
mitted throughout the chain. In addition, big data analytics
(BDA), AI and cloud computing (CL) enable simultaneous
decisions to be made for different processes to optimize over-
all SC performance in real time. Moreover, automation and
robotics facilitate repetitive tasks and labor-intensive work
without having to resort to human interventions [35].With the
exponential advance and interaction of digital technologies,
SCs are expected to gain a higher degree of autonomy until
they can think and act for themselves, but always with human
customization, critical thinking and intelligence to enable
human and machines to work collaboratively. As technolog-
ical advances must be adopted in the different SC processes,
close collaboration is required of all the involved actors
and Industry 4.0 technologies. SC partners have to ensure
the interoperability of systems and synchronize changes to
receive the maximum benefits from transformation that must
be comprehensive for both machines and humans [36].

E. LOGISTICS 5.0
Logistics 5.0 has emerged by underlining Industry 4.0 along
with Industry 5.0 through developing smart logistics systems
to meet consumer needs in today’s connected, digitized and
rapidly changing global logistics market environments [14].
Logistics 5.0 deals with not only customized distribu-
tion, transportation strategies inventory management and
warehousing decisions, but also with the interconnectiv-
ity, digitization and optimization of processes, data, people
and machines in all the logistics operations carried out
in SCs, including transport, procurement and distribution
processes, stock and storage spaces, shipping, route opti-
mization, fleet management, and invoicing and payment.
Logistics 5.0 includes five functional areas that are integrated
with humans, which are: (i) data collection and processing;
(ii) assistance systems; (iii) networks and integration; (iv)
decentralization and service orientation; (v) self-organization
and autonomy [27]. They facilitate improvement in differ-
ent aspects of logistics, such as sustainability, efficiency,
responsiveness to customers, better traceability and human-
machine collaboration. Logistics 5.0 also allows greater
flexibility, which supports mass customization. It also favors
data exchanges in SCs, which will improve transparency and
performance. The limitations of this process lie in the fact
that companies becomemore vulnerable due to the cybernetic
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FIGURE 2. Industry 5.0 and logistics 5.0.

and physical risks that Logistics 5.0 entails [37]. Moreover,
[37] highlights that the objective of Logistics 5.0 is not to
replace humans in their jobs, but to avoid inaccuracies and to
gain faster processes in which information can be effortlessly
shared in real time. Thus the participation of people who con-
trol processes and any system failure will always be necessary
(FIGURE 2).

III. RESEARCH METHODOLOGY
A systematic literature review was carried out to identify
those papers proposing technologies that support Logistics
5.0. To generate the sample of articles, the suggestions of [38]
and [39] were followed. The sample of articles was generated
in six phases (FIGURE 3).
To start the search process, a review of secondary sources

was performed to establish the conceptual framework.
Accordingly, six relevant papers to the topic under study were
found: [8], [9], [31], [39], [40], and [41]. A set of technol-
ogy classes (see Figure 5, Section IV) was taken from the
reviewed works, which was used as the base of the keywords
employed to define the current review on enabling technolo-
gies to support SC Logistics 5.0. The reviewed authors also
identified a set of gaps in their research works by accounting
for the motivation of the current literature review.

The present systematic literature review was performed in
two stages (FIGURE 3). In both stages, the Scopus database
was used as the main source for the keywords search. The
retrieved publications were published in journal articles and
conference proceedings, which allowed access to the recent
results in the area under study to be gained. The refine-
ment process took into account publications from 2010 to
2020 because the term Industry 4.0 was coined in 2011 [5].
Our research work aimed to monitor how I4.0 and I5.0 tech-
nologies have been applied since then to the present day in
the logistics context.

The first stage of the search proceeded by using: (i) the
keyword ‘‘logistics’’; (ii) the keywords referring to the classes
of technologies found; (iii) the keywords of the industrial
paradigms to which we refer, namely Industry 4.0 and Indus-
try 5.0 (see Table 1). This first review limited the search to
only those technologies associated with Logistics 5.0, which
is the topic that concerns us. Following Phases 1 to 4 (see
Figure 3), the first search stage resulted in 20 papers.
The second search stage was done to complete the lit-

erature review with papers directly included that were not
retrieved from the first stage search. This second round
resulted in 18 papers that were directly included. In Phase
5 (see Figure 3), we considered the reverse logistics topic
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FIGURE 3. Papers selection process.

FIGURE 4. Number of papers throughout the search period.

which, according to [9], is an important enabler for the tran-
sition to the next industrial revolution Industry 5.0 along with
sustainability and SC resilience. Moreover, optimization is
a crucial research method for solving Industry 4.0-related
decision-making problems [9]. Accordingly, in Phase 5 we
also considered the optimization models, metaheuristics and
matheuristics keywords (see Table 1). Finally, Phase 6 took
into account the information systems as a key point in Logis-
tics 4.0 or 5.0 [42], [43]. Nevertheless, we have to point
out that we found no papers with the keywords proposed in
combination with (‘‘4.0’’ OR ‘‘5.0’’). So this last filter was
removed and 11 new relevant papers appeared in information
technology, information systems and data management jour-
nals.

A. BIBLIOMETRIC RESULTS
The distribution of articles over time appears in Figure 4.
We can deduce that research into the topic was in its early

TABLE 1. Systematic literature review: Keywords definition.

stages during the 2016-2018 period. More attention was paid
to the adoption of the topic of Industry 5.0 in Logistics from
2018 onward. The publications related to our study topic
peaked in 2019 and 2020, and this upward trend is expected
to continue in forthcoming years.

Table 2 summarizes the contribution of the articles from
each journal. A set of 38 papers from different journal
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FIGURE 5. Conceptual model taxonomy.

TABLE 2. Number of papers per journal.

categories was reviewed. The sources found in the journal
Applied Sciences in the multidisciplinary engineering cat-
egory, Computers in Industry in the computer science and
interdisciplinary applications category and Industrial Man-
agement & Data System in the engineering, industrial and
computer science, interdisciplinary applications category, are
highlighted. There are research categories of great interest in
the study topic that are about analyzing enabling technologies
to support SC Logistics 5.0.

IV. A SYSTEMATIC LITERATURE REVIEW ON
TECHNOLOGIES TO SUPPORT LOGISTICS 5.0
In order to highlight the contribution of this work, a detailed
review of the papers was carried out and resulted in a tertiary

analysis: [8], [39], and [41]. This tertiary analysis focused on
Logistics 4.0 because no literature review works referring to
Logistics 5.0 were found. Reference [8] seeks the importance
of Logistics 4.0 for its support and use in the following
technological applications: resource planning systems, ware-
house management systems, transport management systems,
intelligent transport systems and information security sys-
tems. Reference [41] present 12 criteria for a logistics center
4.0, linked with what the author refers to as technologies1 that
support Logistics 4.0, namely: intelligent management, zero-
emission, intelligent mobility, cargo exchange platforms,
digital information platforms, intelligent transport systems,
information security, real-time location systems, autonomous
vehicles, intelligent warehouses, logistics center alliances and
digital connectivity. Reference [39] carry out a systematic
literature review on the new logistics systems, in which
some technologies for Logistics 4.0 are identified: IoT, big
data, CL, mobile-based systems and social network-based
systems. These authors mention other technologies, of which
blockchain (BLK), additive manufacturing and immersive
technologies stand out. Finally, these authors analyze and pro-
pose a classification of technologies into three subcategories:
technologies to generate information; technologies to process
information; technologies to use information. They all appear
in the Logistics 4.0 context. Reference [39] also identify the
gaps encountered within the Logistics 4.0 scope, which are
answered in the present paper. Therefore, this paper goes one
step further by addressing the novel area of Logistics 5.0,
which also includes new technologies and characteristics of
Industry 5.0, and it intends to determine the real implemen-
tation degree of Logistics 5.0 in real supply chains.

As part of this tertiary review, Table 3 summarizes
the methodology and sample overlap of the reviews

1 [41] names these as ‘‘technologies’’, which poses a problem for our
conceptual framework. We prefer to see these as ‘‘systems’’ (applications
of technologies).
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TABLE 3. Comparison of the literature reviews related to enabling technologies to support supply chain logistics 5.0.

TABLE 4. Industry 5.0 technologies definition.

mentioned above with the present paper. Therefore, the
work performed in this paper is feasible because the sam-
ple overlap is less than 4.5%, and even the total over-
lap of this study with the literature reviews is lower
than 9%.

In order to create a classification of emergent technologies
within the Industry 5.0 scope, the work by [9] was examined.
In their paper, the authors propose four research disciplines
in the Industry 4.0 context. Our paper adopts these four
disciplines to classify Logistics 5.0 technologies to support
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FIGURE 6. Distribution of technologies per year during the reviewed period.

FIGURE 7. Number of papers per year in each technology.

resilient SCs (FIGURE 5). In Table 4, Industry 5.0 technolo-
gies are defined and the authors retrieved from the literature
review are listed.

Taking into account the technologies defined in the con-
ceptual model taxonomy, the graph represented in FIGURE 6
shows the distribution of the technologies addressed within
the Logistics 5.0 scope during the reviewed period. At the
beginning of the studied period, the IoT, BDA, and CL tech-
nologies are themost addressed to implement the I4.0 concept
in Logistics. From 2019, new technologies related more to

I5.0 are implemented in Logistics, including AR and VR,
DTs, CR, AI or ML. FIGURE 7 compares the studies pub-
lished per technology type, and displays that the most studied
area in Logistics 5.0 is the IoT, followed by the MATH and
BDA. CL is beginning to stand out, while the HI, DT and
CR technologies are still in their early stages in the Logistics
5.0 area.

Table 5 presents the analysis results of each technology
by indicating: (i) the state of research on technologies to
support Logistics 5.0 processes; (ii) the addressed logistic
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TABLE 5. Logistics 5.0 technologies: state of the art, sustainability principles, barriers and degree of application.
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TABLE 5. (Continued.) Logistics 5.0 technologies: state of the art, sustainability principles, barriers and degree of application.
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TABLE 5. (Continued.) Logistics 5.0 technologies: state of the art, sustainability principles, barriers and degree of application.
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FIGURE 8. Implementation of technologies to support Logistics 5.0 in each logistics component.

process; (iii) the research gaps that can guide future studies in
the context of technologies supporting Logistics 5.0; (iv) the
status of the application of technologies that support Logistics
5.0 in real cases, where: (i) indicates no real applications
found in the literature; (ii) denotes that real technology
applications are in early stages; (iii) represents how few
technology applications are found in the literature; (iv)
symbolizes that different real applications of a technology are
found in the literature; (v) indicates that the technology
has been applied in different sectors during the literature
review.

Finally, to combine all the knowledge acquired with the
conducted literature review, a graphical classification of the
technologies to be applied to each stage of logistics compo-
nents is proposed to achieve Logistics 5.0 (FIGURE 8). The
different logistic components comprise SC logistics, inbound
logistics, warehouse management, intralogistics or line feed-
ing, outbound logistics and logistics routing. Each logistic
component is also disaggregated by going from less com-
plexity, which involves local decisions and intra-enterprise
operations, to higher complexity, which involves SC deci-
sions and inter-enterprise operations [83]

According to Gartner’s Framework for Logistics Devel-
opment, a detailed gap analysis shows that the technology
strategy in the Logistics area is underdeveloped. The report
also defends the need ‘‘to invest in, deploy and integrate
logistics-based technologies (in-house, outsourced or hybrid)
that support the day-to-day planning and execution of ser-
vices across operations’’ [95].

The implementation of I4.0 and I5.0 technologies involves
changing the functions of human tasks and affects the
whole Logistics discipline and associated jobs. According
to [75], technological evolution ‘‘creates novel qualification
demands and skill sets for employees and, consequently, pro-
vide promising directions for IS education’’. Research work
should focus on the democratization of applying technologies
and developing affordable tools so that all types of companies
can access them in their businesses.

The work of [60] poses a set of future research chal-
lenges in AR technology. However, this work provides a
clue about further directions for each technology analyzed
in the present paper. The most general ones can be sum-
marized as: (i) investigate advances in I5.0 technologies and
their real applications in logistics processes; (ii) empirically
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TABLE 6. Research gaps to be covered in future research lines as regards logistics 5.0 technologies.
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TABLE 6. (Continued.) Research gaps to be covered in future research lines as regards logistics 5.0 technologies.

investigate the viability of applying technologies in different
logistics activities; (iii) examine how technologies perform
by defining performance indicators and measuring the impact
of real-world working scenes; (iv) deal with the efficiency
and effectiveness of Logistics 5.0 technologies depending
on types of processes, complexity, duration of use and the
employed software; (v) study and publish successful imple-
mentation knowledge for the successful implementation and
diffusion of such I5.0 technologies; (vi) look at how the
emerging Logistics 5.0 technologies can be integrated into
one another; (vii) this paper investigates the barriers of each
technology, but future works should also focus on drivers;
(viii) investigate managers and operators’ openness for deal-
ing with I5.0 technologies within the logistic processes scope.

V. DISCUSSION
Various dimensions are addressed in the Discussion section,
including theoretical implications, practical applications,
potential future research avenues and the ramifications of our
findings for policymakers.

A. THEORETICAL IMPLICATIONS
Theoretical implications are essential for highlighting the
broader impact that the reviewed studies have on the existing

theoretical framework and for understanding the Logistics
5.0 subject area. The document offers a general descrip-
tion of the technological solutions highlighted in Logistics
5.0 and their current application status. To answer RQ1 What
technologies potentially support Logistics 5.0?, extensive
research has been carried out on I4.0. This enabled to pro-
pose a conceptual model taxonomy based on [9] to classify
I4.0 technologies within the Logistics 5.0 scope. Such tech-
nologies include the IoT, AR, VR, the DT, CR, BI, BDA,
AI-based technologies, ML, MATH, HI, BLK, CL and RFID.
The systematic literature review demonstrates that technolog-
ical developments support one another, mainly the IoT, which
is considered the basis for developing Logistics 5.0 and is
the backbone that supports the majority of I4.0 technologies,
including BI, BDA, BLK, AR, VR or the DT.

This paper concludes by responding RQ3 What research
gaps can be addressed by future research regarding Logistics
5.0 technologies?, and defines a list of research gaps to be
bridged in future research lines with regards the addressed
Logistics 5.0 technologies. It highlights promising research
domains in the technologies that support Logistics 5.0 by
offering a comprehensive view for the research community.
While this work was underway, we witnessed the integration
of I4.0 and I5.0 technologies by them contributing to the
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enhanced resilience and sustainability of logistic processes,
while also bolstering human decision-making capabilities.

B. PRACTICAL IMPLICATIONS
Discussing practical implications is crucial because it helps
readers and researchers to understand the real-world appli-
cations and consequences of the reviewed studies. In this
regard,RQ2.What is the status of applying these technologies
in real cases?, is answered in Table 5 by highlighting the
application status of the Industry 4.0 and 5.0 technologies to
support Logistics 5.0 in real cases. Most applied technologies
in the Logistics 5.0 context are the IoT, BDA and RFID.
According to the reviewed literature, MATH approaches
and CL technologies are more applied in enterprises, which
demonstrates that affordable tools are being developed in
these areas. Nevertheless, the application approaches of
Logistics 5.0 technologies in real enterprises and SCs are
necessary in other analyzed technologies, such as AR, VR,
the DT, BI, ML, HI and BLK.

C. POLICYMAKERS’ IMPLICATIONS
Policymakers play a key role in the digitization of the logistics
sector to take the Logistics 5.0 concept closer to industries
in several ways by: (i) establishing and enforcing standards
for data exchange, communication protocols and technol-
ogy interfaces; (ii) considering issues like security, privacy
and interoperability among IoT services; (iii) influencing
the accessibility and affordability of I4.0 and I5.0 technolo-
gies; (iv) engaging in international collaborations to establish
global standards for communication networks; (v) develop-
ing and upgrading the necessary digital infrastructure for
Logistics 5.0, including intelligent transportation systems and
real-time data analytics, to facilitate efficient logistics opera-
tions; (vi) contributing to the development of smart cities and
physical infrastructures, which are integral to Logistics 5.0;
(vii) implementing training programs to enhance the digital
literacy of the workforce in the logistics sector; (viii) collab-
orating with education institutions to align curricula with the
logistics industry’s evolving needs by creating a workforce
that is ready to embrace digitization; (ix) negotiating trade
agreements that promote the free flow of goods and informa-
tion by encouraging the adoption of digital technologies in
logistics on a global scale.

D. FUTURE RESEARCH LINES
The systematic literature review allows the authors to high-
light the following future research lines that derive from the
gaps outlined in Table 6: (i) enterprise managers understand
the importance of using technologies to support logistics;
nevertheless, the papers reviewed to date do not specifically
emphasize the areas of improvement in which SMEs apply
such technologies to achieve Logistics 5.0; (ii) acquiring
more in-depth knowledge about the factors that influence the
adoption of Logistics 5.0 technologies in industrial organiza-
tions is crucial; (iii) a measurement method is necessary to
know the commercial value that Logistics 5.0 technologies

provide SMEs with and the competitive advantages offered
by Logistics 5.0 technologies, the required economic invest-
ment and whether it would be profitable to implement it in
SMEs; (iv) cybersecurity applied to Logistics 5.0 technolo-
gies has been identified as a gap to be bridged in future
research lines; (v) a general gap appears because the current
literature does not present real examples. So further literature
on the application approaches of Logistics 5.0 technologies
in real enterprises and SCs is necessary; (vi) no research
works appear about Logistics 5.0 with CR and HI that employ
metaheuristics andmatheuristics. Hence a future research line
in this direction can be initiated; (vii) consider the added
value of services for aftermarket Logistics 5.0; (viii) iden-
tify to what extent implementing the emerging technologies
applied to Logistics 5.0 affects loss of jobs. This is considered
a promising research line; (ix) technologies aligned with
human values to work collaboratively with logistic employ-
ees rather than replacing them, and help in decision-making
processes with a hybrid combination of human and artificial
intelligence.

VI. CONCLUSION
For Industry 5.0 to exist, there must be a synergy with the
development of Logistics 5.0. In this paper, a systematic liter-
ature review on the technologies that support Logistics 5.0 has
been performed. All the reviewed technologies announce a
turning point at which the physical and digital worlds can
be managed as one, and enterprises and humans can interact
with the digital counterpart of physical things similarly to the
way we would with things themselves, and even in the 3D
space around us. It should be noted that this literature review
has some limitations. The authors consider that the Scopus
database and research works are continuously included, espe-
cially in novel terms referring to new I5.0 in different areas.
The reviewed literature goes up to January 2021, but several
works in the research area of technologies that support Logis-
tics 5.0 have been published, which confirms the increasing
significance of this discipline. Furthermore, although a sys-
tematic literature review has been conducted, this work
may not have addressed additional meaningful works and
could include more works with business perspective publi-
cations. Regardless of the identified limitations, these can
be seen as research opportunities to be addressed in future
works.

The research throughout enabling technologies for Logis-
tics 5.0 has approached relevant theoretical insights, prac-
tical implications and future research lines to address
the contemporary challenges faced by the logistics sec-
tor. Digital solutions, based on I4.0 and I5.0, are ana-
lyzed and evaluated to promote affordable implementations
in the sector. The application of Logistics 5.0 principles
will enhance efficiency, reduce costs, improve customer
experiences and contribute to environmental sustainability,
which are essential for companies to remain competi-
tive and resilient in an ever-evolving global supply chain
landscape.
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