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Abstract: With the introduction of Society 5.0 for the sustainable future, special caution is given to
humans’ role within the general system. Similarly, Industry 5.0 as a concept has been presented,
followed by Logistics 5.0 in its theoretical framework. The transition towards the new concept of
Logistics 5.0 requires an accurate and optimal strategic plan definition for which, in this paper, an
implementation model based on decision support systems will be developed. The output data from
this model are the priority of Logistics 5.0 elements (from five groups—green warehousing, green
transport, green packaging, infrastructure and organization, and human resources) for the optimal
implementation, based on three goals (initial investment, return of investment time, implementation
and exploitation complexity) that companies aim to achieve in the future. The model is based on the
analytic hierarchy process, and data were collected from an expert group and analyzed with several
statistical methods. The result is a model that provides an optimal strategy for the implementation
of elements of Logistics 5.0. The implementation priority list of elements is very beneficial for the
management of many companies from various types of industries.

Keywords: Logistics 5.0; Industry 4.0; readiness; decision support systems; analytic hierarchy
process; strategy

1. Introduction

Logistics processes are one of the key parts of manufacturing, along with technology
and organizational processes. In the very beginning, the term sustainability was closely
related to production as derived from industrial ecology and green production [1]. With
market expansion, globalization, and the higher influence of competitors, there is a need
for merging the various production processes (so as the companies) with help of supply
chains. This is how the company relates to its suppliers, logistics service providers, and
customers. By adding the environmental and economic component of sustainability to the
supply chain, as well as the digital component in terms of Industry 4.0, the digital Logistics
5.0 systems are formed, which is a key focus of this research [2].

Digitization is a needed perspective of every manufacturing company on every level.
Industry 4.0 as a concept represents a digital solution for automated work with the possi-
bility of predictive activities enabled by big data analytics [3]. The human role within this
system changes. Manual work is relocated to artificial intelligence, while the human takes
the place of a system and process controller and developer.

Industry 5.0 (often presented as part of the Society 5.0 concept) goes a step further and
deals with the human role within the production system, its interaction with technology, as
well as other humans within the system [4]. The implementation of Industry 4.0 demands
an optimal personalized strategy definition to increase future benefits and minimize the cost
of the transformation [5]. Similar is the path to the implementation of Industry 5.0, which
can be also observed for its components, such as Logistics 5.0. Logistics 5.0 must provide a
sustainable and eco-friendly system on many levels, but also with special caution to human

Sustainability 2022, 14, 6514. https://doi.org/10.3390/su14116514 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14116514
https://doi.org/10.3390/su14116514
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-6157-3940
https://orcid.org/0000-0001-9998-6639
https://orcid.org/0000-0002-5616-451X
https://doi.org/10.3390/su14116514
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14116514?type=check_update&version=2


Sustainability 2022, 14, 6514 2 of 19

roles and their communication and interaction with the machines or other humans in the
system [6]. That is why, in this paper, the model for the transformational strategy definition
of Logistics 5.0 will be presented.

Therefore, this paper aims to provide answers to the following research questions:
RQ1: How does one define the priority of Logistics 5.0 elements for its implementation

as the optimal digital transformation strategy?
RQ2: Can the transitional strategy plan be defined with the help of decision sup-

port systems?

2. Theoretical Background

The application of concepts, models, and methods of sustainability in the management
of production and business systems (the adoption of related new knowledge and tech-
nologies) reduces the total costs by reducing the waste of resources, reducing waste, and
reducing unnecessary activities [7]. This leads to better business results and greater compet-
itiveness, for which there are numerous examples in practice. It follows from the above that
companies themselves define trends, concepts, and models of sustainable development.

Along with the terms sustainable and green, there is an uprising of a digital production
and logistics environment in terms of the Logistics 4.0 concept. The unification of green,
sustainable, and digital logistics (Logistics 4.0) with the human component can be defined
as a step further in technological development, precisely termed Logistics 5.0 [6]. Therefore,
in the following chapters, the theoretical background of green logistics and Logistics 4.0 will
be given, followed by an extensive literature review based on the state-of-the-art solution to
the topic of the implementation of Logistics 5.0 in companies. Based on that, the model for
the transitional strategy definition for the implementation of Logistics 5.0 will be developed
and described.

2.1. Green Logistics

The idea of green logistics is to eliminate or minimize waste (energy, emissions, and
chemical and solid waste) throughout the supply chain and achieve sustainability of all its
components [8].

For this reason, green logistics for the purpose of this work will be observed as a
system divided into:

• Green transport.
• Green warehousing.
• Green packaging.
• Green transport.

The impact of transport on the environment is likely visible to everyone. Transport is
the main source of particulate emissions and NOx and SO2 emissions.

From research in the previous work of the authors, and in the literature on green
transport, the following green elements are most frequently mentioned [9]:

• Reduction of paper consumption.
• Toner and ink recycling.
• Shutting down computers when not in use.
• Use of reusable containers and transport equipment.
• Use of reusable pallets.
• Reduction of unused space in the vehicle.
• Reducing the time the vehicle is at rest.
• Increasing the usability of space in height within the means of transport.
• Use of a means of transport with alternative (renewable) fuel sources (energy).
• Introduction of alternative energy sources in refrigerated vehicles.
• Route optimization.

Looking at green elements, there is a tendency to reduce greenhouse gases (GHG),
and this is achieved by the above-mentioned green elements. It should be noted here that
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the reduction of GHG emissions can be achieved directly by reducing emissions during
transport, or indirectly, within the administration, by reducing paper consumption and
electricity consumption. The above green elements will be used in the development of
models for the introduction of green transport in companies.

2.2. Green Warehousing

Here, as in other green logistics parts, the idea is to introduce green elements that will
reduce the consumption of paper, electricity, and energy. The following ‘green’ elements
are used for ‘green’ warehousing [9]:

• Reduction of paper consumption.
• Toner and ink recycling.
• Shutting down computers when not in use.
• Use of more efficient lighting devices.
• Using light sensors inside the aisle to turn on the light only where someone is.
• Use of more efficient heating devices.
• Use of more efficient air conditioning devices.
• Optimization of transport flows within the warehouse.
• Introduction of fans for hot and cold air circulation.
• Use of doors with sensors for automatic closing.
• Increasing the energy efficiency of the warehouse.
• Use of materials that are better insulators (walls and roofs of the warehouse).
• Use of renewable energy sources.
• Introduction of new storage technologies.
• Use of automated transport systems.

It can be seen here that all the above green elements have a return on investment;
the only question is in which period this will be realized. The payback period can vary
from a few months (e.g., shutting down computers when not in use) to a couple of years
(e.g., using renewable energy sources). The introduction of new warehouse technologies
implies the use of picking technologies (pick-up light picking), automated storage systems,
innovative warehouse layouts, etc. Green elements will be used to develop a model for
introducing green warehousing into the process.

2.3. Green Packaging

Green packaging is often identified with the terms ‘ecological package’ or ‘environ-
mentally friendly package’ [10].

The following ‘green elements’ are mentioned for ‘green’ packaging [9]:

• Requiring the supplier to take over packaging in which they deliver the goods.
• Existence of a pallet management (return) system.
• Use of packaging materials that have a lower weight.
• Use of materials that are biodegradable.
• Use of recycled packaging materials.
• Use of recyclable packaging materials.
• Packaging design for easier separation and sorting of different types of materials.
• Optimization of packaging for packaging (for secondary and tertiary packaging).
• Use of environmentally friendly colors on the packaging.

The above green elements will be used in the development of models for the introduc-
tion of green packaging within the company.

3. Literature Review

Similarly, to Industry 4.0, Logistics 4.0 has all the elements of a digital work envi-
ronment with the most common characteristics, such as the Internet of Things, smart
and flexible processes, cyber physical systems, or big data analytics [11], which, in the
specific field of logistics, can relate to driverless transportation, smart containers, smart
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warehousing, smart shelves, etc. However, by adding the right level of autonomy and
intelligence, logistics processes become more efficient, effective, connected to other parts of
the value chain, but also more agile and flexible in their ability to respond to the demands
of a dynamic market.

Logistics 4.0, with its theoretical and practical development, is currently one of the
key trending topics in the field of industrial engineering; therefore, for the purpose of
this paper and the development of this model, a literature review has been provided.
The most relevant scientific database, Web of Science, was searched using the keywords
‘Logistics 4.0’ and ‘Smart Logistics’ to gather results of the most frequently mentioned
elements, in addition to the keywords ‘readiness’ and ‘maturity’ to examine the developed
models for the optimal transformational strategy definition. As a transition to Logistics
5.0, the research was enhanced with the keywords ‘human-centered logistics’ and ‘logistics
5.0’. The most beneficial and latest results for this work and model development will be
presented next.

3.1. From Logistics 4.0 to the Logistics 5.0

As for Logistics 4.0, there are several specific characteristics of this field within the
Industry 4.0 system. The first is mass personalization of service, sustainability, the im-
portance of humans in development, optimizing service quality, and reducing errors in
complex environments, according to Winkelhaus and Grosse, 2019 [11].

Frederico (2021) [12] presented the Industry 5.0 concept in terms of the supply chain
via an extensive literature review. He noted a gap in works regarding Logistics 5.0 and
presented a framework based on the technology scope of Industry 4.0 but enhanced with
mass personalization, revolutionary technology, and a super smart and sustainable society.

Bhargava et al. (2022) [13] discussed the influence of the internet on the demand and
supply of materials, as well as the demand for the fast supply of logistics at the cheapest cost,
which has led to the development of smart Internet of Things systems to support logistics
processes. They mention that this technology is essential for Industry 5.0 to minimize
logistic time and cost while maximizing customer satisfaction and company profits.

Figueiras et al. (2021) [14] studied the impact and importance of big data and digital
twin technologies for Logistics 4.0. They placed emphasis on a digital twin as support for
the planning and optimization of logistics processes and the reduction of risks and losses.
A similar result was shown by Domanski (2019) [15], who examined digital warehouse
intralogistics 4.0 and showed significant advances in the implementation of complex
technologies in warehouse systems.

Another aspect of Logistics 5.0 is environmental awareness. Demir et al. (2019)
described green intermodal freight transportation by principles of green logistics by un-
derstanding the multi-objective planning in intermodal freight transportation. In their
research, they have also shown the importance and benefits of carbon-related emission
reduction in this field [16].

Cimini et al. (2020) [17] noted that logistics activities will be affected on operational
and managerial levels as the market demands flexibility and mass customization, which
will subsequently influence the work of operators in internal and external logistics. That
is why they discussed the ‘Logistics Operator 4.0’ paradigm. They acknowledge the
need for exploration in the field of human–computer and human–machine interfaces to
achieve the control of fully automated systems developed with ergonomic standards. They
have also suggested that future scenarios will include hybrid human–machine decision-
making processes.

Vijayakumar et al. (2021) [18] claim that ignoring the human factors in digital logis-
tics systems may lead to operator fatigue, discomfort, subsequent injuries, and negative
consequences for operator performance and the entire logistics systems, which, as there
are few literature sources available on this topic, should be developed further to improve
performance, quality, and well-being.
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Cai et al. (2022) [19] examined a real-time scheduling method in the Logistics 4.0
environment and mentioned the possible problems of future predictions by this method.
By using advanced predictive methods, customer satisfaction, equipment utilization, and
the energy consumption is increased.

Sgarbossa et al. (2020) [6] discussed the human factors in logistics systems, where
they noted that, although there may be a high level of automatization within the company,
humans still play a very important role in the logistics system. They also claim that
most transformational strategies do not include human factors, which leads to inaccurate
planning and decisions, as well as underperforming systems and increased safety risks
for human workers. They suggest diversity among human workers and the in-depth
integration of digital technologies in operation processes for the development of smart and
sustainable human-centered systems, which leads to Logistics 5.0.

Maniah and Milwandhari (2020) [20] studied the risks of one of the main components
of Industry 4.0—cloud computing in logistics systems. With a qualitative approach, they
explored the companies with logistics services incorporated, and the results showed that
procurement and customer service activities have the highest risk values.

Loper de Sousa Jabbour et al. (2020) [21] proposed the adoption of low-carbon oper-
ation in logistics systems. The results showed that stakeholder pressures influence both
barriers and motivators for decarbonizing operation management practices; a variety of
barriers and motivators significantly affect the adoption of low-carbon operation manage-
ment practices. Developing positive relationships with stakeholders is also important to
overcome barriers from the external environment and enhance organizational competi-
tiveness, and low-carbon operation management has an overall effect on firms’ carbon
performance. Zekhini et al. (2021) [22] discussed the integration of lean and green practices
for the sustainable digital supply chain, similarly to Kim et al. (2021) [23], who examined
the green supply chain management practices in a multi-tier supply chain with multiple
regression analysis, with results that indicated that supplier capabilities mediate the direct
effect of customer pressure on the adoption of GSCM practices for local firms. As for the
evidence of the implementation of Industry 5.0 technologies in logistics systems, Choi
and Siqin (2022) reflected on the use of blockchain technologies in logistics and empha-
sized the importance of both internal and external organizational considerations for the
successful adoption of blockchain technologies in production and logistics systems [24].
Blockchain technologies are one of the crucial parts of digital manufacturing systems, and
therefore one of the most important components of Logistics 5.0. IoT and AI have partially
been implemented in many logistics activities, while Bhargava et al. (2022) discussed
the implementation in vehicular logistics and supply chain management. They enable
vehicle-mediated transportation systems to minimize logistic time and cost and maximize
customer satisfaction, with improvements from 77 to 98% in overall performance, and can
be used in various types of industries [13]. Blockchain technology is widely used in the
agriculture-food supply chain in combination with other Industry 5.0 technologies (IoT, big
data, RIFD, etc.) and was proven to be very beneficial by Bhat et al. (2022) [25]. Ivanov et al.
(2022) discussed the digitization of the supply chain as a service-oriented business model
based on cloud technologies in the context of Industry 5.0 [26].

3.2. Readiness for Logistics 4.0

Sternad, Lehrer, and Gajšek (2018) [27] studied the transformation of logistics processes
and their readiness for industry 4.0. Their research is based on an nrw Industry 4.0 maturity
model. They mention that the logistics systems are complex and therefore not many have
dealt with its digital transformation, but that it is very important to determine its maturity
level, which results in the qualitative distance between the ideal state of the logistics in the
company and the current state.

Yavas and Ozkan-Ozen (2020) [28] focused on the transformation of logistics centers
by presenting a framework with elements of industry 4.0 and setting their priorities via
a fuzzy multi-criteria decision-making methodology. This resulted in 12 critical criteria,
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which were ‘smart handling (C1), zero emission (C2), smart mobility (C3), freight exchange
platforms (C4), digital information platforms (C5), intelligent transportation systems (C6),
information security (C7), real time locating system (C8), autonomous vehicles (C9), smart
warehouses (C10), logistics center alliances (C11) and digital connectivity (C12)’. Digital
information platforms (C5), intelligent transportation systems (C6), and smart mobility
(C3) were shown to be the most important criteria for Logistics Center 4.0.

Oleśków-Szłapka and Stachowiak (2019) [29] presented a framework of the Logistics
4.0 maturity model, which can be useful to companies when creating a roadmap towards
Logistics 4.0 concept implementation. The presented model is based on literature research
and previously presented maturity models, but the results of this pilot research were only
meant to raise awareness of Logistics 4.0 within the company. The first stage of maturity
definition was to create a survey and provide information about the knowledge of the digital
concept in companies, which would later be used to calculate the correlation between the
maturity level of the company, its competitive position, size, and development dynamics.

Facchini et al. (2019) [30] noted that the difficulties in strategic transitional plan
development interrupt the optimal digital transformation of the companies towards the
achievement of the Logistics 4.0 system. Their model is based on a survey and built around
three macro-aspects: The propensity of the company towards Industry 4.0 and Logistics 4.0,
the current use of technologies in the logistics process, and the investment level towards
Industry 4.0 technologies for a Logistics 4.0 transition. Results of the survey served as the
result of the companies’ current maturity level.

Gökalp and Martinez (2021) [31] noted that none of the currently existing maturity
models of digital transformation fully satisfy the criteria of sustainability, and therefore
presented a holistic maturity model in which the companies are characterized by maturity
across five levels. They claim that there are many limitations of the available maturity
models, such as simplicity and the lack of an empirical foundation.

3.3. Scientific Gap

The theoretical background of Logistics 4.0 is already presented on various levels,
although there are few specific readiness calculation methods available. Moreover, Logistics
5.0 is a relatively new field, towards which every company with logistics activities should
aim to. Since it requires changes on many levels with high investments into physical
and organizational upgrades, an accurate and optimal strategic plan should be defined.
The authors have noted a research gap in this field, because of which the development
of a model for the implementation of Logistics 5.0 will be presented next, which will
combine the elements of green logistics, human resources and organization, and digital
technologies. Most of the presented readiness or maturity calculation methods are mostly
based on surveys with a high level of human subjectivity involved, which is why the novel
model will use decision support as a tool, as well as an expert group to minimize human
subjectivity in the decision-making process to obtain an accurate result and a strategic
transformational plan for the company towards Logistics 5.0.

4. Logistics 5.0 Implementation Model

The proposed model has the goal of providing a result in the form of an optimal
strategic transformational plan towards Logistics 5.0. This means that, with certain inputs,
the output will be a priority list of elements to be implemented in a logistics system.

4.1. Methodology

The input is defined by the company itself and includes their judgement on certain
goals that they would like to achieve via the implementation of a novel digital system.
Since the main structure of this model is to decide the order of the Logistics 5.0 elements
for their implementation, decision support systems will be used. In this case, this will be
provided by the analytics hierarchy process (AHP method) [32], implemented in Expert
Choice software (ver. 11.5.; Expert Choice; Arlington, VA, USA).
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The decision tree is shown in Figure 1.

Figure 1. Logistics 5.0 implementation model decision tree.

To define the criteria tree, based on the literature review and previous works [9,33],
the authors have defined three goals (for the AHP decision tree) that companies decide to
achieve with Logistics 5.0 implementation:

1. Return of investment time.
2. Initial investment.
3. Implementation and exploitation complexity.

The first factor assigns higher priority to the elements that have a shorter return
of investment time, the second with lower initial investment, and the third with lower
implementation and exploitation complexity. The importance of each goal (criteria) is
defined by the company in pairwise comparisons via the AHP method.

The output is a ranking of the Logistics 5.0 elements (AHP alternatives), which are
divided into five groups:

1. Green transport.
2. Green warehousing.
3. Green packaging.
4. Infrastructure.
5. Organization and human resources.

Green transport, warehousing, and packaging are related to the ‘green’ and ‘sustain-
able’ components of Logistics 5.0 and the transformation of ‘traditional’ logistics elements
in this direction. Infrastructure is related to digital enablers for the Logistics 4.0 concept,
and organization and human resources deal with the human component, which is a pro-
gression from Logistics 4.0 to 5.0. The elements are also based on the previous work of the
authors [9,33] and are shown in Table 1.



Sustainability 2022, 14, 6514 8 of 19

Table 1. Detailed overview of Logistics 5.0 by group.

Green Transport Green Warehousing Green Packaging Infrastructure Organization and Human Resources

Reduce paper consumption
Toner and ink recycling
Shutting down computers when not
in use
Use of reusable containers and transport
equipment
Use of reusable pallets
Reduction of unused space in the vehicle
Reducing downtime
Increasing the usability of space in
height within the vehicle
Use of a vehicle with alternative
(renewable) fuel sources (energy)
Introduction of alternative energy
sources in refrigerated vehicles
Route optimization

Reduce paper consumption
Toner and ink recycling
Shutting down computers when not
in use
Use of more efficient lighting devices
Using light sensors inside the aisle to
turn the light on only where someone is
Use of more efficient heating devices
Use of more efficient air
conditioning devices
Optimization of transport flows within
the warehouse
Introduction of fans for circulation of hot
and cold air
Using a door with automatic
closing sensors
Increasing the energy efficiency of
warehouses
Using materials that are better insulators
(warehouse walls and roofs)
Use of renewable energy sources
Introduction of new storage technologies
Use of automated transport systems

Requiring the supplier to take over his
packaging in which he delivers
the goods
Existence of pallet management
(return) system
Using packaging materials that have
less weight
Use of biodegradable materials
Use of recycled packaging materials
Use of recyclable packaging materials
Packaging design to facilitate separation
and sorting of different types
of materials
Packaging optimization (for secondary
and tertiary packaging)
Use of environmentally friendly paints
on the packaging

Collection of data into databases
in real-time
Data archive
Use of data from the database when
defining a new work warrant
Use of predictive analytics methods
Connectivity to external databases
Big Data Manipulation
State-of-the-art computer infrastructure
Flexible and modular
hardware solutions
Flexible and modular software solutions
State-of-the-art internet infrastructure
available to everyone
Cloud Computing—online
data processing
ERP systems
High network and data security
Predictive hardware and
software maintenance

Top connectivity with everyone in the
value chain
Special and high-performance
communication channels (social
networks)
Decentralization within the company
High motivation of each employee
Willingness of workers to change
High innovation of workers
Adoption of the principles of
lifelong learning
Adoption of the principle of continuous
improvement (lean, kaizen)
Horizontal and vertical integration
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Based on these objectives, the survey for the expert group was formed, and they
evaluated each element from all five groups by three mentioned goals, ordered according
to priority, on a scale from 1 to 9 in which 1 is the lowest priority and 9 is the highest.
The expert group consists of 60 professionals from the field of manufacturing engineering
and logistics, from which 30 were from academia and 30 were from the industry, with a
minimum of 5 years of experience.

All weights were calculated by the normalized vector calculation procedure. This is
performed by obtaining the sum of the mean values of the ranks of all Logistics 5.0 elements.
After that, the weight of each element is calculated by dividing its mean value by the sum
of the mean values of the ranks of all elements. Weights will be rounded according to the
mathematical rule to 4 decimal places, and the sum of all weights must be 1.00.

The obtained priority vector of the company will be multiplied by the matrix of the
priority vector, which consists of the weight of the elements obtained by the above surveys.
In this way, using the rules of the AHP method, a ranked list of applicable Logistics
5.0 elements is obtained for each of the groups.

Apart from the standard AHP, there are several widely used variations of this method.
One of them is the Fuzzy Analytic Hierarchy Process (F-AHP), which embeds the fuzzy
theory into the basic Analytic Hierarchy Process (AHP) [34]. The standard AHP does
not include vagueness for personal judgments, and it has been improved using the fuzzy
logic approach. In F-AHP, the pairwise comparisons of both criteria and the alternatives
are performed through linguistic variables, which are represented by triangular numbers.
The Fuzzy AHP method systematically solves the selection problem using the concepts
of fuzzy set theory and hierarchical structure analysis. Basically, the Fuzzy AHP method
represents the elaboration of the standard AHP method into the fuzzy domain by using
fuzzy numbers for calculation instead of real numbers.

Systems that do not include any information are represented in black and systems
that include all information are represented in white. Systems between these two situ-
ations, which refer to systems that include partial information, are represented in grey.
Grey systems explain the degree of information and relations between black and white
systems. In grey system theory, numbers whose exact value is not known are shown with
grey numbers.

Grey AHP (G-AHP) is another variation of the standard AHP. In G-AHP, grey numbers
are used instead of crisp sets and crisp numbers. Pairwise comparisons are applied with
linguistic scales and grey numbers in the G-AHP method. Grey numbers are used for
pairwise comparisons and calculations [35].

Both G-AHP and F-AHP are widely used to quantify human judgments that are not
precise (0 or 1, black or white). In this model, the standard AHP will be used, but the data
will be structured to minimize the influence of imprecise human judgment. The data will
be collected by an expert group in a questionnaire with a scale of 1–9, which can increase
the precision of their judgments, which will later be processed by the normalized vector
method and ranked by the Friedman test ranking method to quantify the final input data
for the AHP.

The mathematical procedure of AHP, where the input data are the goal and element
weights and the output data are the ranking of elements, is shown in Equation (1)

a11 b12 c13
a21 b22 c23
. . . . . . . . .
ai1 bi2 ci3

 ×

 d11
d21
d23

 =


e11
e21
. . .
ei3

 (1)

where:
aij—weights of return of investment time.
Bij—weights of initial investment.
cij—weights of implementation and exploitation complexity.
dij—values of company priority vector calculated by the AHP method.
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eij—ranks.
i—number of Logistics 5.0 elements.
j = 3—number of criteria.
The performance of the model was verified by providing the what-if analysis and

simulation in which the predicted input generates the predicted output data, and minor
changes of up to 5% do not cause a difference in the element ranks, which validates the
robustness of the model.

AHP can identify and analyze the inconsistencies of a decision maker in the process of
judging and evaluating the elements. Humans are rarely consistent in assessing the value
or relationship of qualitative elements in the hierarchy. AHP mitigates this problem by
measuring the degree of inconsistency and informing the decision maker.

If there was a possibility of precisely determining the values of the weight coefficients
of all elements compared with each other at a given level of the hierarchy, the eigenvalues
of the matrix (1) would be completely consistent.

However, if it is claimed, for example, that A is much more important than B, B is
slightly more important than C, and C is slightly more important than A, inconsistency in
problem-solving arises, and the reliability of the results decreases. The judgement errors
can be calculated by a consistency index for the obtained comparison matrix, and then the
degree of consistency can be calculated.

To calculate the degree of consistency (CR), the consistency index (CI) should first be
calculated according to Equation (2):

CI =
λmax − n

n − 1
(2)

where λmax is the maximum value of the comparison matrix. The closer λmax is to n, the
lower the inconsistency is. Saaty [32,36] proposed that we use this index by comparing
it with the appropriate one. The appropriate Consistency index is called the Random
Consistency Index (RI). He randomly generated a reciprocal matrix using this scale and
obtained the random consistency index to determine whether it is approximately 10%
or less. Then, he proposed what is called the Consistency Ratio, which is a comparison
between the Consistency Index and the Random Consistency Index (3).

CR =
CI
RI

(3)

If the value of the Consistency Ratio is smaller or equal to 10%, the inconsistency is
acceptable. If the Consistency Ratio is greater than 10%, we need to revise the subjective
judgment.

The consistency in the criteria (goal) evaluation should always be checked because of
the influence of human subjectivity. That is why a company must always set the priorities
of each goal with the help of an expert in the decision-making process, to minimize the
inconsistency level, which is, by AHP standards, a maximum of 10% (0, 1).

4.2. Results

The ranking of the elements of Logistics 5.0 is performed according to the following
principles:

• Implementation of elements with a shorter return of investment time, which means
that the elements with a shorter ROI time have a higher weight.

• Implementation of elements where the company is more willing to invest financially,
which means that the elements in which the companies are more willing to invest have
a higher weight.

• Implementation of elements with less complexity of implementation and exploitation,
which means that the elements that are simpler in terms of implementation and
exploitation have a higher weight.
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The ranking of the elements of groups of criteria according to a certain goal is shown
in Tables 2–6.

Table 2. Ranks and weights of green transport elements.

Element
Return of

Investment Time Initial Investment Implementation and
Exploitation Strategy

Rank Weight Rank Weight Rank Weight

Reduce paper consumption (E1) 5.5278 0.0838 6.8571 0.1039 6.8214 0.1034
Toner and ink recycling (E2) 4.8889 0.0741 8 0.1212 9.0357 0.1369

Shutting down computers when not in use (E3) 3.5556 0.0842 8.6429 0.131 8.4643 0.1282
Use of reusable containers and transport

equipment (E4) 6.5 0.0985 4 0.0606 5.4643 0.0828

Use of reusable pallets (E5) 6.9722 0.1056 5.3571 0.0812 6.7857 0.1028
Reduction of unused space in the vehicle (E6) 6.8611 0.104 6.8214 0.1034 5.2143 0.079

Reducing downtime (E7) 7.1944 0.109 6.8571 0.1039 4.8571 0.0736
Increasing the usability of space in height within

the vehicle (E8) 6.1667 0.0934 7.0357 0.1066 5.3929 0.0817

Use of a vehicle with alternative (renewable) fuel
sources (energy) (E9) 4.5278 0.0686 3.3929 0.0514 5.4643 0.0828

Introduction of alternative energy sources in
refrigerated vehicles (E10) 4.1944 0.0636 3.5 0.053 4.1429 0.0628

Route optimization (E11) 7.6111 0.1153 5.5357 0.0839 4.3571 0.066
∑ 66 1 66 1 66 1

Table 3. Ranks and weights of green warehousing elements.

Element
Return of

Investment Time Initial Investment Implementation and
Exploitation Strategy

Rank Weight Rank Weight Rank Weight

Reduce paper consumption (E1) 8.6579 0.0721 11.1071 0.0926 9.8929 0.0824
Toner and ink recycling (E2) 8.4211 0.0702 13.25 0.1104 13.1071 0.1092

Shutting down computers when not in use (E3) 9.25 0.0771 13.6786 0.114 11.8929 0.0991
Use of more efficient lighting devices (E4) 9.7632 0.0814 8.8571 0.0738 9.4286 0.0786

Using light sensors inside the aisle to turn the light
on only where someone is (E5) 8.5263 0.0711 10.6429 0.0887 11.0714 0.0923

Use of more efficient heating devices (E6) 8.7763 0.0731 4.9286 0.0411 4.5357 0.0378
Use of more efficient air conditioning devices (E7) 8.3158 0.0693 4.2857 0.0357 4.9643 0.0414

Optimization of transport flows within the
warehouse (E8) 8.1711 0.0681 9.8571 0.0821 6.6429 0.0554

Introduction of fans for circulation of hot and cold
air (E9) 6.9605 0.058 8.6071 0.0717 7.5357 0.0628

Using a door with automatic closing sensors (E10) 7.6579 0.0638 9.8214 0.0818 11.1429 0.0929
Increasing the energy efficiency of

warehouses (E11) 6.7368 0.0561 5.5714 0.0464 5.7143 0.0476

Using materials that are better insulators
(warehouse walls and roofs) (E12) 7.6447 0.0637 4.3929 0.0366 7.6071 0.0634

Use of renewable energy sources (E13) 7.8421 0.0654 4.7143 0.0393 6.1071 0.0509
Introduction of new storage technologies (E14) 6.9079 0.0576 6.1071 0.0509 5.1786 0.0432

Use of automated transport systems (E15) 6.3684 0.0531 4.1786 0.0348 5.1786 0.0432
∑ 120 1 120 1 120 1
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Table 4. Ranks and weights of green packaging elements.

Element
Return of

Investment Time Initial Investment Implementation and
Exploitation Strategy

Rank Weight Rank Weight Rank Weight

Requiring the supplier to take over his packaging
in which he delivers the goods (E1) 5.1458 0.1144 6.8214 0.1516 4.6071 0.1024

Existence of pallet management (return)
system (E2) 5.7083 0.1269 6.25 0.1389 5.6071 0.1246

Using packaging materials that have less
weight (E3) 5.7083 0.1269 5.6071 0.1246 5.75 0.1278

Use of biodegradable materials (E4) 4.7917 0.1065 3.25 0.0722 4.9286 0.1095
Use of recycled packaging materials (E5) 4.7917 0.1065 5.4286 0.1206 5.3214 0.1183

Use of recyclable packaging materials (E6) 5.0625 0.1125 5.4286 0.1206 5.2143 0.1159
Packaging design to facilitate separation and

sorting of different types of materials (E7) 4.8333 0.1074 3.0357 0.0675 3.5 0.0778

Packaging optimization (for secondary and tertiary
packaging) (E8) 4.5 0.1 4.5714 0.1016 3.4643 0.077

Use of environmentally friendly paints on the
packaging (E9) 4.4583 0.0991 4.6071 0.1024 6.6071 0.1468

∑ 45 1 45 1 45 1

Table 5. Ranks and weights of infrastructure elements.

Element
Return of

Investment Time Initial Investment Implementation and
Exploitation Strategy

Rank Weight Rank Weight Rank Weight

Collection of data into databases in real-time (E1) 7.8 0.0743 8.4333 0.0803 7.9667 0.0759
Data archive (E2) 8.1667 0.0778 8.15 0.0776 8.6833 0.0827

Use of data from the database when defining a new
work warrant (E3) 7.4 0.0705 8.2667 0.0787 7.6667 0.073

Use of predictive analytics methods (E4) 7.6833 0.0732 6.9167 0.0659 7.05 0.0671
Connectivity to external databases (E5) 6.3333 0.0603 6.9 0.0657 7.5167 0.0716

Big Data Manipulation (E6) 7.65 0.0729 6.1167 0.0583 5.9 0.0562
State-of-the-art computer infrastructure (E7) 6.25 0.0595 7.7167 0.0735 6.85 0.0652

Flexible and modular hardware solutions (E8) 7.3667 0.0702 7.4833 0.0713 7.0167 0.0668
Flexible and modular software solutions (E9) 7.25 0.069 8.2667 0.0787 7.7833 0.0741

State-of-the-art internet infrastructure available to
everyone (E10) 7.4333 0.0708 8.2 0.0781 8.4 0.08

Cloud Computing—online data processing (E11) 7.3833 0.0703 8.0333 0.0765 7.8333 0.0746
ERP systems (E12) 8.35 0.0795 6.1167 0.0583 7.3167 0.0697

High network and data security (E13) 8.35 0.0795 6.3833 0.0608 7.4833 0.0713
Predictive hardware and software

maintenance (E14) 7.5833 0.0722 8.0167 0.0763 7.5333 0.0717

∑ 105 1 105 1 105 1

Table 6. Ranks and weights of organization and human resources elements.

Element
Return of

Investment Time Initial Investment Implementation and
Exploitation Strategy

Rank Weight Rank Weight Rank Weight

Top connectivity with everyone in the value
chain (E1) 4.2167 0.0937 5.1 0.1133 4.5667 0.1015

Special and high-performance communication
channels (social networks) (E2) 5.5833 0.1241 4.1667 0.0926 6.6167 0.147

Decentralization within the company (E3) 4.8167 0.107 3.6167 0.0804 5.1167 0.1137
High motivation of each employee (E4) 5.3667 0.1193 5.2 0.1156 5.3 0.1178
Willingness of workers to change (E5) 5.2333 0.1163 6.3667 0.1415 4.0167 0.0893
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Table 6. Cont.

Element
Return of

Investment Time Initial Investment Implementation and
Exploitation Strategy

Rank Weight Rank Weight Rank Weight

High innovation of workers (E6) 5.25 0.1167 5.3167 0.1181 4.15 0.0922
Adoption of the principles of lifelong learning (E7) 5.3833 0.1196 5.6167 0.1248 5.0833 0.113

Adoption of the principle of continuous
improvement (lean, kaizen) (E8) 4.9667 0.1104 5.35 0.1189 5.25 0.1167

Horizontal and vertical integration (E9) 4.1833 0.093 4.2667 0.0948 4.9 0.1089
∑ 45 1 45 1 45 1

Practical Case Simulation

The functionality, useability, and reliability of the Logistics 5.0 implementation model
will be shown using an example of a company with the following goal priorities:

The company aims to find the highest importance of the minimum initial investment,
but also with the shortest return on investment time.

Therefore, the priority matrix for each of the five groups is formed in Expert Choice
software, as shown in Figure 2.

Figure 2. Goal priority matrix.

The weights of each criterion are filled in the software with the option ‘Direct ratings’
to minimize the influence of human subjectivity in the entire process, as shown in Figure 3.

After the calculation, the output is the priority list of elements of each group for the
implementation, as shown in the example for the warehousing group in Figure 4.

Therefore, the highest priority for implementation has the E3 element from the Ware-
housing group, which is ‘Shutting down computers when not in use’.

The priorities for the implementation of the elements from each group are shown in
Table 7.

If the company has already implemented certain elements from the list, it can move
past them in the list and continue with others.

As shown in Table 6, the highest priority to be implemented by the group ‘Green
transport’ is ‘Shutting down computers when not in use’, ‘Toner and ink recycling’, and
‘Reduction of unused space in the vehicle’. The last priority for the implementation was
‘Introduction of alternative energy sources in refrigerated vehicles’, which leads to the
conclusion that the results are accurate according to the importance of the goal of low initial
financial investment. In the second group of ‘Green packaging’, the first element to be
implemented is ‘Requiring the supplier to take over his packaging in which he delivers
the goods’, while in Green warehousing, it is also ‘Shutting down computers when not in
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use’. Compared to the weights from the development phase, this proves the efficiency of
the model because the elements that have the highest weights according to certain goals
also have top priority after analytics with the AHP method.

Figure 3. Elements and their weights as alternatives in Expert Choice software.

Figure 4. Rank of elements (alternative)—results of a decision-making process.
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Table 7. Logistics 5.0 transformation strategy—rank of elements.

Rank Green Transport Green Packaging Green Warehousing Infrastructure Organization and Human Resources

1 Shutting down computers when not
in use

Requiring the supplier to take over
his packaging in which he delivers

the goods

Shutting down computers when
not in use

Collection of data into databases in
real-time

Special and high-performance
communication channels (social networks)

2 Toner and ink recycling Existence of pallet management
(return) system Toner and ink recycling Data archive High motivation of each employee

3 Reduction of unused space in
the vehicle

Using packaging materials that have
less weight Reduce paper consumption Use of data from the database when

defining a new work warrant
Adoption of the principles of

lifelong learning

4 Reducing downtime Use of recycled packaging materials
Using light sensors inside the
aisle to turn the light on only

where someone is
Flexible and modular software solutions Willingness of workers to change

5 Increasing the usability of space in
height within the vehicle Use of recyclable packaging materials Using a door with automatic

closing sensors
State-of-the-art internet infrastructure

available to everyone High innovation of workers

6 Reduce paper consumption Use of environmentally friendly
paints on the packaging

Use of more efficient
lighting devices

Cloud Computing—online
data processing

Adoption of the principle of continuous
improvement (lean, kaizen)

7 Route optimization Packaging optimization (for
secondary and tertiary packaging)

Optimization of transport flows
within the warehouse

Predictive hardware and
software maintenance Decentralization within the company

8 Use of reusable pallets Use of biodegradable materials Introduction of fans for
circulation of hot and cold air State-of-the-art computer infrastructure Top connectivity with everyone in the

value chain

9 Use of reusable containers and
transport equipment

Packaging design to facilitate
separation and sorting of different

types of materials

Introduction of new
storage technologies Flexible and modular hardware solutions Horizontal and vertical integration

10 Use of a vehicle with alternative
(renewable) fuel sources (energy)

Use of more efficient
heating devices Use of predictive analytics methods

11 Introduction of alternative energy
sources in refrigerated vehicles

Increasing the energy efficiency
of warehouses Connectivity to external databases

12
Using materials that are better
insulators (warehouse walls

and roofs)
High network and data security

13 Use of renewable energy sources ERP systems

14 Use of more efficient air
conditioning devices Big Data Manipulation

15 Use of automated
transport systems
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5. Discussion

The results have shown that decision support systems, in this case, the analytic
hierarchy process, can be a useful tool when deciding on the transitional strategy towards
Logistics 5.0. If the company has not already started the transition process and depends on
traditional technologies, not only in the logistics but also in every other aspect, an optimal
strategy plan must be set to increase the future beneficial impact of digital technologies and
reduce possible additional and unwanted costs. Decision support systems have already
been used in calculating the readiness of a single company for Industry 4.0 [37–40], with
that used as a starting point for the transitional strategy definition. In this research, the
analytic hierarchy process has been proven to be a useful tool with a novel approach
towards Logistics 4.0, which combines digital technologies, ecological and sustainable
aspects, and human-centered awareness. Using expert groups for model development
and the quantification of qualitative criteria via the normalized vector method, the level of
human subjectivity has been minimized in the process, as opposed to many other methods
previously presented where a single user evaluates the condition of a company by rough
methods [5,40–46]. As of Logistics 5.0, there are few research studies published on this topic,
mostly as a description of a theoretical framework of this concept [6,12,18,20]. At the same
time, there are few published research studies on the topic of Logistics 4.0 readiness as well,
which can be related to this paper and the presented implementation model [27–30,47].

These studies do not evaluate the overall area of internal logistics, its partial activities,
or even the concept of logistics activities within the company in detail.

Zoubek and Simon (2021) [47] provided a maturity model for internal Logistics 4.0 and
noted that one of the most important segments of the implementation of a digital concept
is the implementation of the Internet of Things segment and general connectivity within
the system. They evaluated a system according to five levels by five main dimensions, with
three subdimensions for each. The model presented in this paper takes a more detailed
approach with many more detailed evaluations and an overview of several aspects of the
logistics. Cyplik et al. (2019) [48] structured a model in three dimensions (areas): Man-
agement, physical processes, and information flow process area. The highest weight is
given to a ‘Utilization of supply chain management systems’ in the ‘Management area’; the
robotization of processes in the ‘Physical process area’, and ‘Real time data-access’, ‘Data
Analysis technology’, and ‘Cloud Computer technologies’ in the information flow process
area. The criteria were evaluated by an expert group, and certain similarities can be found
in the ‘Information flow process area’ in which big data analytics was also recognized as one
of the elements with the highest value (weights). Gupta, Singh, and Gupta (2021) [49] used
the Fuzzy AHP method for the prioritization of manpower readiness factors in the research,
where the highest importance was given to training and functional skills for development
followed by top management support and commitment to digitalization and organiza-
tional culture for process digitalization. The results of our research in the field of human
resources have given only slightly different results in which the top priority was given to
the implementation of high-performance communication channels (social networks), but
also to high motivation to each employee and willingness of workers to change, which
can be related to organizational culture and top management support for change. The
Logistics 5.0 implementation model is a useful and simple tool for the management of every
company with an aspiration to transition their logistics department towards an advanced
state-of-art digital concept. Digitization towards a flexible, sustainable, eco-friendly, and
human-centered system can rapidly adapt to any demand from the market and achieve
personalized products or services with optimal utilization of human knowledge. The
changes occur, not only at the physical level but also at the organizational level, due to
which it increases the complexity of the implementation. The risks are high due to high
investments, because of which the tool for the optimal strategy definition is very useful
to avoid unnecessary loss in various types of resources. The core of this model is based
on the knowledge of experts in the field of logistics and production management, which
makes it relevant and reliable, and the structure of the model using the analytic hierarchy
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process implemented in Expert Choice software enables accessibility, with primary results
the company can use to test multiple strategy scenarios via what-if analysis.

Limitations

The AHP method has several limitations, and those were minimized by cautious
structuring of the Logistics 5.0 implementation model. The possible inconsistency in the
decision-making process, which increases with more complex problems that consist of
many criteria, was avoided by defining weights of the criteria with the normalized vector
method, after the ranking of the Logistics 5.0 elements with a statistical method using the
Friedman test. The risk of inconsistency remains in the use of the pairwise comparison
of the goals as input data. This can be avoided by the supervision of an expert from the
evaluating team. According to R. W. Saaty (1987), the acceptable inconsistency rate is 0.1.
Another significant limitation, t influence of human subjectivity in the decision-making
process, was minimized by the evaluation of an expert group.

6. Conclusions

The decade of Industry 4.0 is behind us. In the meantime, many theoretical frameworks
have been presented, but not many have implemented the complete system in practice.
Natural development has led to the implementation of its fragments, but few have had the
possibility to enact a full implementation and overall digitization of their work environment.
The reasons behind this were the most common barriers, already studied in the literature,
such as a fear of change, the lack of needed skills or knowledge, or lack of a transitional
strategy to maximize the benefits of a digital system in the future. Lately, the term “Society
5.0” has been presented, which is an upgrade from Industry 4.0 and is related to an
entire digital society with high awareness of the human component within. Similarly, the
framework of Industry 5.0 has been developed along with all of its components, such
as Logistics 5.0. The implementation challenges have remained the same, because of
which, in this paper, an implementation model based on decision support systems for
Logistics 5.0 has been developed. The preposition was given that one of the key facts is to
decide the strategy of optimal implementation of Logistics 5.0 elements. That is why the
decision support systems were used as a tool for strategy definition, in this case, it was
the analytic hierarchy process. The input data were a decision tree with three goals (initial
investment, return of investment time, and implementation and exploitation complexity),
which served as an input defined by the company for which the strategy is being formed.
The goals in the decision tree serve as the criteria, and the output is a rank of alternatives
of Logistics 5.0 elements divided into five groups (green transport, green warehousing,
green packaging, infrastructure and organization, and human resources). This provides an
answer to RQ2. During the implementation model development phase, the expert group
ranked the elements in each group by all three goals. The collected data were processed by
statistical methods of ranking using the Friedman test and the normalized vector method
to define the weights of each element, which answers RQ1.

From this point, there are several research perspectives possible in the future. One is
the development of such a model for other organizational segments of a company such as
manufacturing, production planning and control, maintenance, human resources, account-
ing, etc. Second is the possibility to conduct research on a sample of companies in single
or multiple regions to gain insight into the differences in personalized implementation
strategies based on chosen goals. Fifth is the development of the same model in other
decision support systems to observe how the difference in mathematical methodologies
influences the results.
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