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ABSTRACT. The main purpose of this study is to investigate the impact of Industry 4.0 technologies
on the survival and competitiveness of logistics companies based in Turkiye, a developing country,
within the global landscape. From a qualitative study perspective, it aims to elucidate the positive and
negative effects of Industry 4.0 applications on the logistics sector while also discussing recommen-
dations to mitigate or eliminate these negative impacts. Based on the results of the semi-structured
interview analysis, it can be asserted that the positive impacts of Industry 4.0 applications increase
proportionally with the scale of a firm. Besides, if the R&D investments are enhanced in the logistics
industry operating in Turkiye, it is expected that the negative effects will be more likely to be mitigated.
According to findings from interviews, the preliminary anticipated effect of Industry 4.0 applications on
the logistics sector is improved efficiency, while the primary barrier to its adoption is identified as the
inadequacy of infrastructure and education.
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Introduction

The advent of the fourth industrial revolution,
also called Industry 4.0, characterized by the in-
tegration of advanced technologies such as the
Internet of Things (loT), artificial intelligence (Al),
robotics, and big data analytics, has significantly
transformed various sectors worldwide. Partic-
ularly, one of these sectors, logistics, has expe-
rienced profound changes as Industry 4.0 offers
potential benefits such as increased operational
efficiency, improved supply chain management,
and increased global competitiveness. In an era
of globalization, where economies are increasingly
interconnected, these technological advancements
are essential for maintaining competitive advan-
tage.?

As an important developing country, Turkiye,
with a strategic geographical location, plays a cru-
cial role in international logistics and trade. The
country’s logistics sector serves as a vital bridge
between Europe, Asia, and the Middle East, mak-
ing it a key player in global supply chains.

Nonetheless, the adoption of Industry 4.0
technologies in logistics companies originating
from Turkiye brings with it both significant oppor-
tunities and significant challenges.’

This study aims to investigate the impact of
Industry 4.0 on Turkish logistics companies. Us-
ing a qualitative research approach, specifically
through semi-structured interviews with key in-
dustry stakeholders, this research aims to provide
a comprehensive understanding of how techno-
logical developments associated with Industry 4.0
are impacting the industry. The study will examine
both the positive and negative effects of Industry
4.0 applications, highlighting the factors that fa-
cilitate or impede their adoption.*

1 Gilchrist, A. (2016). Industry 4.0. Apress, 195.

2 Biiyiikdzkan, G., Goger, F. (2018). Digital Supply
Chain: Literature review and a proposed framework
for future research. Computers in Industry, 97, 174.

3 Luthra, S., Mangla, S. K. (2018). Evaluating challen-
ges to Industry 4.0 initiatives for supply chain sus-
tainability in emerging economies. Process Safety
and Environmental Protection, 117, 169.

4 Tatoglu, E., Bayraktar, E., Golgeci, I., Koh, S. C. L.,
Demirbag, M., Zaim, S. (2016). How do supply chain
management and

information systems practices influence operational per-
formance? Evidence from emerging country SMEs.
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Similar to the literature, findings suggest that
larger firms tend to benefit more from Industry
4.0 applications due to their greater resources
and scalability.> Conversely, smaller firms may
face significant barriers, including inadequate in-
frastructure and a lack of specialized education
and training.® Additionally, increased investments
in research and development (R&D) in the logis-
tics sector are expected to alleviate some of the
negative impacts and create a more conducive
environment for technology adoption.” So, this
study aims to provide valuable insights and rec-
ommendations for logistics companies in Turkiye,
helping them navigate the complexities of Indus-
try 4.0 and enhance their global competitiveness.
Through a detailed analysis of the current state
of the industry and the challenges faced, this re-
search will contribute to a broader understanding
of the impact of Industry 4.0 on logistics in devel-
oping countries.®

LITERATURE REVIEW

The concept of “Industry 4.0” originated from
the 2011 Hannover Fair in Germany and represents
the fourth industrial revolution characterized by
the integration of advanced digital technologies
into manufacturing and service industries.’ The
revolution paradigm aims to provide uninterrupt-
ed connection and automation in processes with

International Journal of Logistics Research and
Applications, 19(3), 188.

5 Sony, M., Naik, S. (2020). Key ingredients for eva-
luating Industry 4.0 readiness for organizations: A
literature review. Benchmarking: An International
Journal, 27(7), 2214.

6 Ben-Daya, M., Hassini, E., Bahroun, Z. (2019). Inter-
net of things and supply chain management: A li-
terature review. International Journal of Production
Research, 57(15-16), 4720.

7 Strange, R., Zucchella, A. (2017). Industry 4.0, global
value chains and international business. Multinati-
onal Business Review, 25(3), 175.

8 Phuyal, S., Bista, D., Bista, R. (2020). Challenges, Op-
portunities and Future Directions of Smart Manufa-
cturing: A State of Art Review. Sustainable Futures,
2,100023, 4.

9 Bag, S., Gupta, S., Kumar, S. (2021). Industry 4.0
adoption and 10R advance manufacturing capabi-
lities for sustainable development. International
Journal of Production Economics, 231, 107844, 10.
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mainly the principles of Cyber-Physical Systems
(CPS), Internet of Things (1oT), and Smart Factory
principles.

The key components of Industry 4.0 include
horizontal integration across value chains, ver-
tical integration within production systems, and
end-to-end digital integration of engineering
processes."” These dimensions enable real-time
data exchange, predictive maintenance, and agile
manufacturing capabilities.”

Despite its existing and potential benefits,
such as improved efficiency, personalization, and
sustainability, the adoption of Industry 4.0 is not
without its challenges. The high cost of technology
implementation, the need for a skilled workforce,
and cybersecurity-related concerns are being
struggled, especially by small and medium-sized
enterprises (SMEs). The literature emphasizes the
significance of interoperability, scalability, and
adaptive organizational structures as critical fac-
tors for successful deployment.®

In the logistics sector, Industry 4.0 technolo-
gies play a crucial role in enhancing operational
efficiency and competitiveness in a global area.
Especially the integration of IoT, Artificial Intel-
ligence (Al), and big data analytics in logistics
processes enables real-time tracking, improved
inventory management, and optimized supply
chain operations.* Various studies in the litera-
ture have shown that these advancements are
particularly beneficial in developing countries like
Turkiye, where strategic geographical positioning

10 Rifmann, M., Lorenz, M., Gerbert, P., Waldner, M.,
Justus, )., Harnisch, M. (2015). Industry 4.0: The Fu-
ture of Productivity and Growth in Manufacturing
Industries, 3.

11 Hermann, M., Pentek, T., Otto, B. (2016). Design Prin-
ciples for Industrie 4.0 Scenarios. 2016 49" Hawaii
International Conference on System Sciences (HI-
CSS), 3930.

12 Ustundag, A., Cevikcan, E., Salkin, C., Oner, M., Us-
tundag, A., & Cevikcan, E. (2018). A conceptual fra-
mework for Industry 4.0. Industry 4.0: managing the
digital transformation, 17.

13 Frank, A. G., Dalenogare, L. S., Ayala, N. F. (2019). In-
dustry 4.0 technologies: Implementation patterns
in manufacturing companies. International Journal
of Production Economics, 210, 18.

14 Luthra, S., Mangla, S. K. (2018). Evaluating challen-
ges to Industry 4.0 initiatives for supply chain sus-
tainability in emerging economies. Process Safety
and Environmental Protection, 117, 169.
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facilitates global trade connectivity”® However,
the adoption of Industry 4.0 in the logistics sector
also faces significant challenges. Infrastructure
limitations, lack of technological awareness, and
insufficient workforce skills are the main chal-
lenges and obstacles, especially for small-scale
logistics companies. To overcome these obstacles
and take full advantage of the benefits of Industry
4.0, it is crucial to invest in research and develop-
ment (R&D) and targeted training programs.’s

The relationship between globalization and
Industry 4.0 is also a critical area of study. Indus-
try 4.0 technologies improve global supply chain
integration and facilitate more efficient interna-
tional trade by reducing costs and improving re-
sponsiveness to market demands.” This is partic-
ularly significant for countries like Turkiye, where
logistics plays a vital role in connecting Europe,
Asia, and the Middle East.

While Industry 4.0 promises transformative
advances in manufacturing and service sectors
worldwide, ongoing research efforts are crucial to
overcome implementation challenges, optimize
technological integration, and foster inclusive eco-
nomic growth in the age of digital transformation.

METHODOLOGY

The study explores the impact of Industry 4.0
technologies on the survival and competitiveness
of logistics companies originating from Turkiye
within the context of globalization. The research
questions are:

e What are the primary impacts of Industry
4.0 technologies on the operational effi-
ciency and competitiveness of logistics
companies originating from Turkiye?

15 Liao, Y., Deschamps, F., Loures, E. de F. R., Ramos,
L. F. P. (2017). Past, present and future of Industry
4.0—A systematic literature review and research
agenda proposal. International Journal of Produc-
tion Research, 55(12), 3610.

16 Vogel-Heuser, B., Hess, D. (2016). Guest Editorial
Industry 4.0-Prerequisites and Visions. IEEE Tran-
sactions on Automation Science and Engineering,
13(2), 411-413. IEEE Transactions on Automation
Science and Engineering, 5.

17 Strange, R., Zucchella, A. (2017). Industry 4.0, global
value chains and international business. Multinati-
onal Business Review, 25(3), 178.
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e What are the key challenges and barriers
faced by Turkish logistics companies in
adopting Industry 4.0 technologies?

e What strategies can be recommended to
enhance the adoption and integration of
Industry 4.0 technologies in the Turkish lo-
gistics sector?

A semi-structured interview method was used
for the qualitative design approach. The primary
data were collected through interview questions
with key stakeholders in the Turkish logistics in-
dustry. These stakeholders included executives and
managers from a range of logistics companies and
industry experts familiar with Industry 4.0 applica-
tions.

A purposive sampling technique was employed
to determine 20 interviewees who have at least 5
years of experience in the logistics sector. Partic-
ipants were selected to represent companies of a
wide range of sizes, from small and medium-sized
businesses (SMEs) to large-scale corporations.

Interviews were conducted via online platforms
depending on the availability and time preference
of the participants. Each interview lasted between
35 and 50 minutes and was recorded audio and
video with the consent of the participants.

DATA ANALYSIS

A thematic analysis procedure was used to
analyze the interview data, complete with key ta-
bles summarizing the findings. This approach was
chosen for its effectiveness in identifying, analyz-
ing, and reporting patterns/themes in qualitative
data. The stages of the thematic analysis proce-
dure are as follows:

e Transcription: To ensure accuracy, all inter-

views were transcribed verbatim.

e Familiarity: The researcher became famil-

TABLE 1. POSITIVE IMPACTS OF INDUSTRY 4.0

iar with the data by reading the transcripts
multiple times.

e Coding: Initial codes were created by iden-
tifying important expressions and concepts
related to the research questions.

e Theme Development: Codes were grouped
into broader themes that formed the core
of the data. Themes were reviewed and re-
fined multiple times to ensure they accu-
rately reflected the data.

e Interpretation: The themes created were
interpreted in the context of the research
questions and existing literature to draw
meaningful conclusions.

FINDINGS

As a result of the thematic analysis of the in-
terview data, several important findings emerged
regarding the impact of Industry 4.0 technological
transformation on Turkish logistics companies.
These findings are summarized below and sup-
ported by relevant tables.

POSITIVE IMPACTS OF INDUSTRY 4.0

Industry 4.0 technologies have created many
positive changes in the logistics sector in Turkiye,
mainly increasing operational efficiency and com-
petitiveness. The main positive effects identified,
their descriptions from interviews, and their fre-
quencies are shown in Table 1.

BARRIERS TO ADOPTION OF INDUSTRY 4.0

Despite the many benefits it provides, it
has been determined that there are various ob-

IMPACT DESCRIPTION CREQLENCY
REAL-TIME TRACKING Providing advanced real-time tracking of shipments and assets 18
INVENTORY MANAGEMENT Increasing accuracy and efficiency in managing inventory levels 15
SUPPLY CHAIN OPTIMIZATION Improving coordination and optimization of supply chain operations 14
COST REDUCTION Reducing operational c?;tsrg\tjsr;%stitomation and efficiency 1
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TABLE 2. BARRIERS TO THE ADOPTION OF INDUSTRY 4.0

FREQUENCY

BARRIER DESCRIPTION OF MENTION
INADEQUATE INFRASTRUCTURE Lack of technological infrastructure required 17
WORKFORCE AND TRAINING Lack of skilled workforce and training programs 14
HIGH INITI(.ZL\(I).SI-:}ISVESTMENT Significant amount of capital required for initial implementation 12
CYBERSECURITY CONCERNS Risks related to data security and privacy 1

stacles to the adoption of Industry 4.0 technol-
ogies, especially for small companies. The main
barriers to adoption, their descriptions from in-
terviews, and frequencies are shown in Table 2.

DIFFERENCES BASED ON COMPANY SCALE

The impact of Industry 4.0 digital transforma-
tion and technologies varies significantly between
large companies and SMEs. While larger compa-
nies benefit more from these technologies due to
greater resource allocation and scalability, SMEs
face more significant challenges. The frequencies
of positive impacts and barriers that large com-
panies and SMEs mentioned in the interviews are
shown in Table 3.

THE ROLE OF R&D INVESTMENTS

Increasing investments in research and devel-
opment (R&D) were found to play an important
role in reducing the negative effects and barriers

of Industry 4.0 technologies. R&D investments
foster innovation and better integration and help
create a more conducive environment for tech-
nology adoption. The main aspects highlight the
role of research and development investments in
the successful adoption and implementation of
Industry 4.0 technologies in the Turkish logistics
sector, their descriptions from interviews and fre-
quencies are shown in Table 4.

DISCUSSION

The integration of Industry 4.0 technologies
into Turkish logistics companies presents a com-
plex scenario affected by various opportunities
and challenges. Based on semi-structured inter-
views with various industry experts and company
representatives, various important information
has been revealed that sheds light on the current
status and future potential of Industry 4.0 in the
Turkish logistics sector.®

18 Hofmann, E., Riisch, M. (2017). Industry 4.0 and the

TABLE 3. DIFFERENCES BASED ON COMPANY SCALE

COMPANY SIZE POSITIVE IMPACTS (FREQUENCY) BARRIERS (FREQUENCY)
LARGE FIRMS 23 9
SME’S 14 17
TABLE 4. THE ROLE OF R&D INVESTMENTS
FREQUENCY
ASPECT DESCRIPTION OF MENTION
INNOVATION Encouraging the development of new technologies and solutions 14
INTEGRATION Improving existing operations and make more efficient 1k
MITIGATION OF NEGATIVE IMPACTS . _— .
AND BARRIERS Helping reduce the negative impacts of technology adoption 9
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One of the key drivers of the adoption of In-
dustry 4.0 technologies and an important finding
of this study is the increase in strategic and oper-
ational efficiency offered by this digital transfor-
mation. Various technological applications based
on Industry 4.0, such as loT, artificial intelligence,
and big data analytics, enable real-time tracking
of shipments and improved inventory manage-
ment. These technologies also optimize supply
chain operations.

In this way, operations become easier, and
costs are significantly reduced by minimizing
manual interventions and errors. While large
companies are motivated by strategic advantages
such as improved decision-making capabilities,
increased efficiency, and increased customer sat-
isfaction, operational benefits such as reduced
costs, increased productivity, and better resource
management are of particular interest to SMEs.”
These motivations are consistent with findings in
the literature highlighting the various benefits of
Industry 4.0 for different types of organizations.

Despite these many potential benefits, nu-
merous challenges may prevent the widespread
adoption of Industry 4.0 technologies.?® In the
study, a lack of technical skills and expertise was
identified as one of the main obstacles. This issue
is well documented in the literature, where the
lack of skilled labour is often cited as a significant
barrier to digital transformation. The relatively
slow adaptation of the education system in Tur-
kiye to the demands of Industry 4.0 further aggra-
vates this problem and results in the workforce
not being sufficiently prepared for the complexity
of new technologies.

Financial constraints create a significant chal-
lenge, especially for SMEs.” The high initial costs of

current status as well as future prospects on logis-
tics. Computers in Industry, 89, 25.

19 Vogel-Heuser, B., Hess, D. (2016). Guest editorial in-
dustry 4.0-Prerequisites and visions. IEEE Transactions
on Automation Science and Engineering, 13(2). 412.

20 Liao, Y., Deschamps, F., Loures, E. de F. R., Ramos,
L. F. P. (2017). Past, present and future of Industry
4.0 — A systematic literature review and research
agenda proposal. International Journal of Producti-
on Research, 55(12), 3612.

21 Phuyal, S., Bista, D., Bista, R. (2020). Challenges,
opportunities and future directions of smart ma-
nufacturing: A state of the art review. Sustainable
Futures, 2, 100023, 8.

88

purchasing Industry 4.0 technologies can be a pro-
hibitive constraint, and uncertainty about return
on investment can further discourage companies
from making these investments. This financial hes-
itation creates a common theme in the literature
that emphasizes the need for significant capital
and the risks associated with uncertain outcomes.
Organizational resistance to change is another
significant barrier to adoption. Many companies
have already established traditional ways of work-
ing and are resistant to adopting new technolo-
gies. This resistance is mostly due to the lack of
understanding of the benefits of Industry 4.0 and
the fear of being laid off due to the automation to
be installed.”? To overcome this resistance, com-
panies need to create effective change manage-
ment strategies and clear communication about
the long-term benefits of digital transformation.
The interviews also reveal the critical role of
government support and policy frameworks in
facilitating the adoption of Industry 4.0. In coun-
tries with well-developed Industry 4.0 systems,
government policies are effective in providing the
necessary infrastructure, financial incentives, and
training programs to support digital transforma-
tion. In Turkiye, stronger government intervention
is needed to address gaps in infrastructure, pro-
vide financial support to SMEs, and support train-
ing initiatives focused on Industry 4.0 skills.
Intercompany collaboration and information
sharing emerged as another important factor. In-
dustry 4.0 transformation is not an isolated effort
but a collaborative process involving multiple
stakeholders, including technology providers, ed-
ucational institutions, and industry consortiums.?
Knowledge exchange and partnership platforms
can help companies overcome the challenges of

22 RiBmann, M., Lorenz, M., Gerbert, P., Waldner,
M., Justus, J., Engel, P., &amp; Harnisch, M. (2015).
Industry 4.0: The future of productivity and growth
in manufacturing industries. Boston consulting
group, 9(1), 62.

23 Bag, S., Telukdarie, A., Pretorius, J. C., & Gupta, S.
(2021). Industry 4.0 and supply chain sustainability:
framework and future research directions. Bench-
marking: An International Journal, 28(5), 1430.
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digital transformation.?

These findings from our semi-structured inter-
views are consistent with the broader literature
on Industry 4.0, which highlights the interaction
between technological, financial, and organiza-
tional factors in shaping the adoption environ-
ment. For instance, Sony and Naik (2020) identi-
fied the increasing complexity of production and
logistics networks as a major hurdle that requires
advanced data analytics and process integration
technologies.

Briefly, while Industry 4.0 offers significant op-
portunities for Turkish logistics companies, real-
izing its full potential requires overcoming many
fundamental challenges. A multifaceted approach
that includes investment in skills development,
financial support mechanisms, organizational
change management, and improved collaboration
among stakeholders is essential. By overcoming
these challenges and barriers, Turkish logistics
companies can benefit from Industry 4.0 technol-
ogies to achieve sustainable competitive advan-
tage and operational excellence.

CONCLUSION AND IMPLICATIONS

The transition to Industry 4.0 presents a dual
spectrum of opportunities and challenges that
impact its adoption in different types of organiza-
tions. This research focused on the specific con-
ditions of Turkish logistics companies, revealing
critical insights into the factors driving and inhib-
iting the adoption of Industry 4.0 technologies.

For large companies, strategic opportunities
such as increased efficiency, increased compet-
itiveness, and innovation potential encourage
adoption. SMEs, on the other hand, are motivat-
ed by operational benefits such as reducing costs
and increasing efficiency. The main challenge hin-
dering the adoption of Industry 4.0 is the lack of
technical skills and expertise, which are vital for
the successful implementation and management
of new technologies. Financial constraints, such

24 Kamble, S. S., Gunasekaran, A., & Gawankar, S. A.
(2018). Sustainable Industry 4.0 framework: A sys-
tematic literature review identifying the current
trends and future perspectives. Process safety and
environmental protection, 117, 412.
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as high initial investment costs and uncertainty
regarding returns, further complicate the adop-
tion process. Organizational resistance to change
due to traditional working methods and fear of
dismissal also poses a significant obstacle.

Overcoming these challenges requires a mul-
tifaceted approach. For large companies, it is im-
portant to continually invest in employee train-
ing to develop the necessary technical expertise.
SMEs will be able to benefit from government
support through financial incentives and grants to
reduce initial investment pressure. It will be very
beneficial for companies if policymakers focus on
developing comprehensive digital strategies that
support the adoption of Industry 4.0, including
clear guidelines and frameworks.

It is crucial to promote a culture of innovation
and digital literacy in organizations. This includes
technical training and raising awareness about
the strategic importance of digital transformation.
Collaboration and information sharing between
companies can also help overcome the challenges
of digital transformation.

While Industry 4.0 offers significant opportu-
nities to Turkish logistics companies, realizing its
full potential requires overcoming many funda-
mental barriers. A comprehensive approach that
includes investment in skills development, finan-
cial support mechanisms, organizational change
management, and improved collaboration be-
tween stakeholders is essential. By overcoming
these problems, Turkish logistics companies can
benefit from Industry 4.0 technologies to achieve
sustainable competitive advantage and opera-
tional excellence.
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