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Abstract

The concept of Industry 4.0, which developed in parallel with the fourth industrial revolution, brought forward the digitalization
of processes and automation of production models. The concept of Industry 4.0 led to an impact on sectors along with the latest
information technologies while enabling the implementation of logistics 4.0 activities in the logistics sector. Logistics 4.0 stands
out as a new paradigm of the logistics system that aims to respond effectively to customer needs and improve customer

relationship management.

The objective of this study is to determine the Logistics 4.0 perceptions of white-collar employees working in supply chain
management department in one of the leading organizations under the building products sector. For this purpose, a semi-
structured interview was conducted with the participants on the basis of the questions determined in the literature and the data
were collected accordingly. A total of 21 white-collar employees from supply chain departments participated in the study. The
outputs of the study were created with the content analysis design, one of the qualitative analysis methods. As a result of the
study, it is determined that Logistics 4.0 will provide great advantages to supply chain processes but also bring along some
disadvantages. The study findings revealed that the sector will face a number of opportunities and threats as well as some strengths

and weaknesses while transitioning to this process.
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INTRODUCTION

The emergence of the Fourth Industrial Revolution, the rapid increase in the volume of world
trade and growing competition led to the redefinition of the logistics sector, as in most sectors. The
logistics sector draws attention as an area that has evolved throughout history by means of following
social, industrial and technological changes. In parallel with the industrial revolutions, the revolutions
in the logistics sector have improved from Logistics 1.0 to today's Logistics 4.0, along with
social,demographic and market conditions.

The logistics sector, where products are transported, stored, loaded/unloaded and information
services are delivered to the customer, is one of the most important sectors in which the industry 4.0
approach can be applied. A projection of the impact of Industry 4.0 on the industry stands out as
Logistics 4.0 on supply chains. Logistics 4.0 enables the integration of both incoming and outgoing
material flows into the business world with the help of digital supply chain, allowing to coordinate all

processes in the best way possible.

The theoretical chapter of this study, which was formulated with the aim of determining the
perceptions of white-collar employees employed in the supply chain department about logistics 4.0,
provided information on the development of the Industry 4.0 and Logistics 4.0 concepts as well as
explaining the studies conducted in the field of logistics 4.0 literature. For this purpose, a semi-structured
interview was conducted with the participants on the basis of the questions determined in the literature
and the data were collected accordingly. The outputs of the study were created with the content analysis
design, one of the qualitative analysis methods. Within the scope of the study, the strengths, weaknesses,
opportunities and threats brought about by logistics 4.0 activities were identified, and in addition, the

advantages and disadvantages of logistics 4.0 were determined.

THEORETICAL FRAMEWORK AND LITERATURE REVIEW
Concept of Industry 4.0

The fourth industrial revolution brought about a series of disruptive changes in both business
models and the production chains that supported them. The fourth industrial revolution is characterized
by its speed, magnitude and depth (FAL Bulletin, 2019: 1). The concept of Industry 4.0, which
developed in coordination with the fourth industrial revolution, represented the most up-to-date period
of industrial transformation with introduction of digitalizing processes and the automation of production
models. This novel period of the production industry combined the most current information
technologies with various manufacturing processes and more specificallywith logistics processes (El
Hamdi and Abouabdellah, 2022: 1). Given that the first study on the principles and context of the
Industry 4.0 concept was published by Kagerman in 2011 (Algin, 2016: 21), the spread of this concept

in the global arena accelerated when the German National Academy of Science and Engineering
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(ACADECH, 2013: 5) published the subject as a "manifesto™ and designated this approach as the official
industrial policy.

Industry 4.0 enabled the fostering and development of new technologies such as Nano, 3D
printing, molecular biological technology, genetic technology, and artificial intelligence. Industry 4.0
eliminated all boundaries between physics, biology and digital technique through the combination of
virtual system and objects, led to an impact in all areas from the production system, management,
corporate governance to the entire country's economy and labor market, and allowed businesses to
increase the efficiency of their activities (Khiem, 2018: 228-229). Industry 4.0 focuses on merging
internet-based communication technologies, digitalization and future-oriented smart production
technologies with the aim of creating intelligent machines and systems, implementing intelligent
processes and offering intelligent products and services (Sun et al., 2021: 5). In short, Industry 4.0 is
defined as the application of cyber-physical systems to production systems (Drath and Horch, 2014: 56).
Eliminating failures, optimizing decision-making, ensuring productivity and efficiency, and reducing
energy costs in the demand chain stand out as the prominent benefits of Industry 4.0 (Mrugalska and
Wyrwicka, 2017: 470).

Concept of Logistics 4.0

The logistics sector, which has recently shown a great advancement in the world, is important
for the national economies. Manufacturing companies procure raw materials thanks to their logistics
activities, and deliver their products to end users by processing these raw materials through their
production operations. Logistics broadly refers to the courses of ensuring the knowledge flow from the
raw-material source to the end point, where the act of consumtion takes place, and planning and
controlling this entire process both efficiently and cost-effectively through warehousing and stock
amenities (Sezer and Abasiz, 2017: 11). Logistics is the planning, implementation and control of
efficient flow processes and storage of goods and services from the outsourced point of origin to the
enterprise and from the enterprise to the consumption point in order to meet customer needs (Winkelhaus
and Grosse, 2020: 18).

When we examine the literature, it is understood that Logistics 4.0 concept first appeared in
2011 as a counterpart and basis of Industry 4.0 in logistics. The application of Industry 4.0 to the logistics
sector is referred to as "Logistics 4.0" (Radivojevi¢ and Milosavljevi¢, 2019:286). Logistics 4.0 means
"the logistics system that enables individualized customer demands are being met sustainably without
incremental costs and backs up this industry and trade related advancement by making use of digital
technologies”. While this explanation, associates Logistics 4.0 with certain market elements such as
sustainability and individualized demand, it also entails uncertainty about the "digital technologies" that

are necessary for their implementation (Perotti et al., 2022: 195).
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The holistic approaches of Industry 4.0 paved the way for the development of products, services,
standards and application techniques. This period of digitalization did not only affect manufacturing and
service dynamics, but also introduced cutting-edge aspects to the management of logistics and supply
chain. Today's competitive environment allows businesses, which have to respond rapidly to consumers'
demands, to adapt to Logistics 4.0 and intelligent/digital supply chain technologies and approaches.
Technologies such as Internet of Things (10T), cyber-physical systems, big data and cloud computing
help improve the processes for all industries such as those in the logistics sector (Ozdagoglu and Bahar,
2022: 163). The orientation towards Logistics 4.0 as an element of Industry 4.0 offers opportunities for
new business models as well. Some features of Logistics 4.0 that pave the way for new business models
include instant information exchange, automated solutions and real-time big data analysis (Strandhagen
et. al, 2017: 359).

Logistics 4.0 stands out as a new paradigm of the logistics system that aims to respond
effectively to customer needs, improve customer relationship management and optimize customer
relationships. In order to implement the Logistics 4.0 concept in an optimal, realistic and effective way,
it must be based on resource planning, transportation management system, warehouse management
system, intelligent traffic system and information security applications (Anbouri and Benabdehaldi,
2022: 112). Logistics 4.0 is an outcome of the increase in the use of the internet and the use of advanced
digitalization, which provides real-time communication between machines and humans. An efficient
and powerful Logistics 4.0 should be grounded on and make use of resource planning, storage
management systems, transportation management systems, smart transportation systems and

information security technological applications (Barreto et al., 2017: 1248).

Logistics 4.0 works integrated with the internet and the software systems based on the latest
information technologies. On the other hand, logistics management also enables activities for the
realization of goods flows and information flows (Oleskow-Sztapka and Stachowiak 2019: 776):
Automated identification technologies, real-time positioning, smart detection, networking, data analysis
and business services are components of Logistics 4.0 (Wang, 2016: 70). Logistics 4.0 provides
automated identification of all objects and participants in logistics processes, collection of real-time
data, planning and optimization of quality management. In addition, logistics 4.0 builds up conditions
for data processing and analysis, new information, smart management and new business services
(Radivojevi¢ and Milosavljevi¢, 2019: 287).

Literature Review

Ekincioglu (2019) recommends that businesses operating in the logistics sector should recruit
and train qualified personnel within the framework of the effects of industry 4.0 on profitability, cost,
labor and investment. Karagdz and Bumin Doyduk (2020) declared that enterprises with or without

logistics 4.0 practices have awareness about the importance of these practices. Szczupak (2022: 95)
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reported that the activities of logistics companies that are obliged to adapt to the changing economic
reality in parallel with the processes of Industry 4.0 were influenced. In the model proposed by Saniuk
(2022: 198), it was informed that solutions that support the implementation of logistics 4.0, enhance
implementation efficiency and reduce the risk of liquidity loss are important, and it was indicated that
this model allows the implementation of Logistics 4.0 to be easily monitored and controlled with an
increased efficiency. In addition, Richnak (2022: 1) stated that businesses face investment costs, which
constitute the biggest obstacle when implementing Industry 4.0 in logistics. Moreover, in the literature,
Malagon-Suarez and Orjuela-Castro (2023: 1) proclaimed that the integration of businesses facing

technical, social, economic and legal obstacles in the implementation of Logistics 4.0 was prevented.

Bianchi et al. (2021) revealed that the use of technologies such as Big Data, Internet of Things
(loT), Artificial Intelligence (Al), and Blockchain in logistics 4.0 practices allows for organizational
growth and contributes to increased productivity and efficiency in operations carried out by service-
providing businesses. Gonger Demiral (2021) categorized the technologies influencing the development
of logistics as mature, growing, evolving and exponential technologies. Caglar (2014) offered
suggestions on the benefits that businesses will gain in performance indicators thanks to the support of
the activities implemented in the logistics sector with information technologies. Biiyiikozkan and Giiler
(2019) found out that the effects of big data and internet of things technologies are important for
businesses operating in the logistics sector considering their expectations.

Ghadge et al. (2020) proposed a conceptual model for the successful implementation and
acceleration of Industry 4.0 in supply chains. The research findings predicted that Industry 4.0 would
bring along new challenges and opportunities for future supply chains. Jepherson et al. (2021)
determined that transportation management systems positively and significantly affected the supply
chain performance of fast-moving consumer goods. Sayin and Irkli (2020) stated that the use of
information technologies in logistics activities leads to performance-enhancing effect on all
organizational chains in businesses. Bukova et al. (2018) expanded the basic production factors with a
new term "knowledge" and introduced a new definition of logistics with Industry 4.0. Karunarathna et
al. (2019) aimed to determine the ways of storage process improvements by making use of logistics 4.0
technologies. Oleskow-Sztapka and Stachowiak (2019) created the Logistics 4.0 Maturity Model in
order to improve businesses operating in the logistics sector. Gogmen and Erol (2018) investigated the
Industry 4.0 approach within the scope of transportation, storage, loading/unloading and information

services processes.
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METHODOLOGY
Objective and Importance of the Study

Logistics 4.0 practices allow for the coordination of all processes by integrating both incoming
and outgoing material flows into the business world with the help of digital supply chain. Digital supply
chains make it possible that the correct product is delivered to the customer at the right place, at the right
time and at the right price at the lowest possible cost throughout the entire supply chain. In other words,
digital supply chains contribute to increasing customer satisfaction by enabling the integration of basic
business processes. In this context, the perceptions of white-collar employees working in the supply
chain departments about these technologies will contribute to the determination of the strengths,
weaknesses, opportunities and threats of the sector. Based on this determination, senior managers
working in businesses, on the other hand, will be able to develop strategies to further improve the
strengths of their businesses, prevent their weaknesses, seize opportunities and prevent the dimensions

that threaten them by taking into account the said conditions of the sector.

The objective of this study is to determine the Logistics 4.0 perceptions of white-collar
employees working in supply chain management department in one of the leading organizations under

the building products sector.
For this purpose, the research questions were formulated as follows:

What are the advantages of Logistics 4.0 practices?
What are the disadvantages of Logistics 4.0 practices?
What are the strengths of Logistics 4.0 practices from the perspective of the sector?

What are the weaknesses of logistics 4.0 practices from the perspective of the sector?

o >~ w NP

What are the opportunities that Logistics 4.0 practices will bring about from the perspective of
the sector?

6. What are the threats of logistics 4.0 practices for the sector?
Sample of the Research

This research was conducted on white-collar employees working in supply chain management
department in one of the leading organizations under the building products sector. For this purpose, a
semi-structured interview was conducted with the participants on the basis of the questions determined
in the literature and the data were collected accordingly. A total of 21 white-collar employees from

supply chain departments participated in the study.
Data Collection Tool and Data Collection

In the study, semi-structured interview form was used as data collection tool. When formulating

the interview form, a wide literature review was conducted and the most emphasized topics in the
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literature were identified, then, questions parallel to these topics were developed. Before the interview
questions, all participants were informed about the objective and method of the study and it was declared
that all personal data would be kept confidential after the interview. Data were kept by note-taking

method during the interviews.
Data Analysis

For the analysis of the data obtained from the study, codes were created and then, content
analysis method was implemented. Content analysis, on the other hand, is one of the most commonly
implemented methods among qualitative data analysis types. Content analysis is a method used mainly

in the analysis of written and visual data. (Ozdemir, 2010: 335).

All coding and analysis processes of the study are performed with the MAXQDA Analytics Pro
2020 software, which is a computer-aided qualitative and mixed data analysis program. Ongoing
developments all over the world and in our country, especially within the perspective of qualitative
research, now make it necessary to implement such professional software. MAXQDA has been used by
researchers since 1989 and is an important and up-to-date software that is still being worked on with the

aim of optimizing for the nature of qualitative research.
FINDINGS

This part of the study includes the findings obtained as a result of the research. Information on
the participants is shown in Table 1.

Table 1. Information on the Participants

Features Information Number Percentage (%0)

Female 5 24

Gender Male 16 76

25-29 2 10

30-34 3 14

Age Range 35-39 5 24

40+ 11 52

College 1 5

Education Bachelor's 15 71
Degree

Postgraduate 5 24
Degree

Less than 5 years 4 19

Working period 6-10 years 6 29

11-15 years 4 19

16 + years 7 33

Manager's total term of office 1-10 5 34

11-20 6 40

21-30 2 13

31-40 2 13
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Findings on the Advantages of Logistics 4.0 Practices

Following opinions are expressed within the scope of the advantages of logistics 4.0 practices:
"Digitalization in archival storage, integration between sector organizations, inter-system integration,
labor force efficiency, effective process management, market share increase, full automation, total
benefit for all stakeholders, information security, error minimization, transparency, effective
communication systems, data analysis, effective resource utilization, increased profitability, speed,
increased customer satisfaction, operational traceability”. Figure 1 shows Advances of Logistics 4.0
Practices.

Advantages of Logistics 4.0 Practices

Q

Effective process management
Labor force efficiency

Inter-system lmez,r"ltlon

Market share increase

(:> Integration between sector organizations
Full automation

¢ D1 italization in arch]» al storage
Total benefit for all stakeholdels ¢ &
[ntormatlon security Operatu)nal traceability
Increased customer satis faction

Error mmlmmmon

Transparency

Spcud

Effective commumcauon %y%lu‘m
lncreased profitability

Effective I‘LSOUFCL utilization
Data dnalyms

Figure 1. Advances of Logistics 4.0 Practices Sources: developed by authors

Findings on the Disadvantages of Logistics 4.0 Practices

For the disadvantages of Logistics 4.0 practices following opinions are listed; "Integration
problems, technological inadequacies, high investment costs, infrastructure requirements, prejudices,
differences in awareness levels in the sector, training requirements, accurate data generation and
transfer to the operation and customers, difficulty in integrating all stakeholders into the system,
increases in logistics costs in the short term, security problems (magnetic effects, power outages, data
loss, cyber-attacks)™. Figure 2 shows Disadvances of Logistics 4.0 Practices.
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Disadvantages of Logistics 4.0 Practices
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Figure 2. Disadvances of Logistics 4.0 Practices Sources: developed by authors

Findings on the Sectoral Strengths of Logistics 4.0 Practices

"The existence of blockchain initiatives, the presence of start-up companies in digitalization in
Turkey, the presence of many companies in the sector having a say in the world market, the existence of
well-established companies, specialized production, competent human resources in Turkey, the start of
digitalization in transportation, good condition of the sector in terms of storage" are stated within the
scope of the strengths of logistics 4.0 practices for the sector. Figure 3 shows sectoral strengths of
logistics 4.0 practices.
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Sectoral Strenghts of Logistics 4.0 Practices

Existence of blockchain initiatives

Presence of start-up companies in digitalization in
Turkey .
Full automation

Presence of many companies in the sector having

a say in the world market \ @ -
Good condition of the sector in
terms of storage

Existence of well-established
companies Start of digitalization in transportation

Specialized production
Competent human resources in Turkey

Figure 3. Sectoral Strenghts of Logistics 4.0 Practices Sources: developed by authors

Findings on the Sectoral Weaknesses of Logistics 4.0 Practices

The issues of "infrastructure deficiencies, stock diversity, low product added value, traditionalist
approach, logistics being a sector that is desired to be low-cost, logistics being a labor-intensive sector"
are listed among the weaknesses of logistics 4.0 practices for the sector. Figure 4 shows sectoral
weaknesses of logistics 4.0 practices

Sectoral Weaknesses of Logistics 4.0 Practices

Logistics being a sector that is desired to be low-cost Logistics being a labor-intensive sector

]

Traditionalist approach Infrastructure deficiencies

Q .

Low product added value Stock diversity

Figure 4. Sectoral Weaknesses of Logistics 4.0 Practices Sources: developed by authors
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Findings on the Sectoral Opportunities of Logistics 4.0 Practices

The opinions such as "employee efficiency, reduction of human-driven errors, integration
between all stakeholders, increasing service quality, reducing costs in the long term, increase in sector
market share, customer orientation towards digitalization, simultaneous communication, end-to-end
supply chain management” are specified within the scope of the sectoral opportunities of logistics 4.0
practices. Figure 5 shows sectoral opportunities of logistics 4.0 practices

Sectoral Opportunities of Logistics 4.0 Practices

Reduction ofhuman-dnven errors
Integration between all stakeholders

Qi \

Increasing service quallty

/ End-to-end supply chain management

Employee efficiency

Educing costs in the long term ¢
¢ Simultaneous communication
Increase in sector market share ¢

Customer orientation towards digitalization )

Figure 5. Sectoral Opportunities of Logistics 4.0 Practices Sources: developed by authors

Findings on the Sectoral Threats of Logistics 4.0 Practices

"Security threats, integration problems among all stakeholders, employment concerns among
employees, increased level of complexity, changing purchase behavior of customers, increase in
logistics costs, higher transition investment costs" are expressed within the scope of the sectoral threats

of Logistics 4.0 practices. Figure 6 shows sectoral threats of logistics 4.0 practices.
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Sectoral Threats of Logistics 4.0 Practices

Integration problems among all stakeholders

Securlty threats

Employment concerns among employees /
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Increased level of complexity

Increase in logistics costs
Changing purchase behavior of customers

Figure 6. Sectoral Threats of Logistics 4.0 Practices Sources: developed by authors

CONCLUSION AND RECOMMENDATIONS

Technology is constantly evolving in every field with the effect of changing customer demands
and purchasing behaviors, increasing customer awareness, and growing number of businesses in the
sector with globalization. There is no doubt that this will harm the businesses failing to keep up with
these changes and open up to foreign markets from their local markets. The supply chain is of great
importance in all processes between businesses' procurement of raw materials for manufacturing
products and delivery of the sold product to the customer. On the other hand, logistics, which is one of
the most significant building blocks of the supply chain, has become even more important in the

conditions of increasing competition both pre-and post-production.

Advances taking place in information and communication technologies have affected every
sector and led to significant changes and transformations in the logistics sector as well. The concept of
Industry 4.0, which developed in parallel with the fourth industrial revolution, has enabled the
digitalization of processes, and these new information technologies have had an impact on logistics
processes as well as various production processes today. The orientation towards Logistics 4.0 as an
element of Industry 4.0 has paved the way for new business models (Strandhagen, 2017), and the
foundations of logistics and supply chain have undergone change with technologies such as internet of
things (IOT), cyber-physical systems, big data and cloud computing. Logistics 4.0 processes, which
involve features such as enabling instant information exchange, generating automated solutions and

offering real-time big data analysis, contribute positively to the sector (Ozdagoglu & Bahar, 2022).
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However, Richnak (2022: 1) claimed that enterprises face investment costs, which is the biggest obstacle
when implementing Industry 4.0 in logistics, and Malagon-Suarez and Orjuela-Castro (2023: 1)
mentioned the negativities of logistics 4.0 practices by indicating that the integration of enterprises
facing technical, social, economic and legal obstacles in the implementation of logistics 4.0 to their
supply chains is prevented.

This study aimed to determine the perceptions of white-collar employees in the supply chain
department of Logistics 4.0. The study findings supported the previously conducted studies and revealed
that logistics 4.0 practices will lead to both positive and negative perceptions by the employees. In
particular, the features such as speed, transparency, error minimization, increased profitability and
customer satisfaction brought about by technological developments, digitalization and inter-system
integration in archiving, contribution to workforce efficiency, effective process management, market
share increase, information security, transparency, data analysis and effective resource use are specified
within the scope of the advantages of logistics 4.0. However, the issues of "integration problems,
technological inadequacies, high investment costs, infrastructure requirements, prejudices, differences
in awareness levels in the sector, training requirements, accurate data generation and transfer to the
operation and customers, difficulty in integrating all stakeholders into the system, increases in logistics
costs in the short term, security problems (magnetic effects, power outages, data loss, cyber-attacks)"
are stated within the scope of the disadvantages of logistics 4.0 practices.

In the study, the strengths and weaknesses, opportunities and threats of logistics 4.0 practices
from the perspective of the sector were also determined. Accordingly, the existence of blockchain
startups, the presence of both start-ups and well-established enterprises in digitalization in Turkey, the
availability of competent human resources and the digitalization of transportation and the good condition
of the sector in terms of storage are listed within the scope of the strengths of logistics 4.0 practices for
the sector. Both digital business applications and the availability of competent human resources in the
field are put forward as important variables that can enhance the success of logistics 4.0 practices.
According to the study, following issues are listed as the weakness indicators: there is lack of
infrastructure, stock diversity, low product added value and logistics is a labor-intensive sector that is

desired to be low-cost.

Customers' current orientation towards digitalization, increases in market shares and employee
productivity enabled by logistics 4.0 activities, decrease in human-driven errors, integration between all
stakeholders, increase in service quality, decrease in costs in the long term and allowing for simultaneous
communication are specified within the scope of the opportunities of logistics 4.0 practices. The high
complexity levels of Logistics 4.0 practices, causing employment concerns for employees, changing

purchasing behaviors of customers, security threats, integration problems between all stakeholders,
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increasing complexity level, increase in logistics costs, higher transition investment costs are stated as

the threats of logistics 4.0 practices for the sector.

The studies conducted in the literature demonstrate that the number of studies on logistics 4.0
practices in enterprises has been increasing in parallel with the advancement of Industry 4.0. The study
in question has contributed to the literature in terms of conducting a situation analysis of the sector,
along with the advantages and disadvantages that logistics 4.0 activities will bring along. The most
important constraint in the research is that the study address only the opinions of the employees in the
supply chain department of one company on Logistics 4.0. In this context, the future studies are

recommended to expand the sample by conducting research on different sample groups.
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