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Abstract: The COVID-19 pandemic strengthens the use of digital services in the supply chains of
manufacturers and suppliers in the automotive industry. Furthermore, the digitalization of the
production process changed how manufacturing firms manage their value chains in the era of
Industry 4.0. The automotive sector represents the ecosystem with rapid digital transformation,
which provides a strong relationship between manufacturing firms in supply chains. However,
there are many gaps in understanding how digital technologies and services could better shape
relations between manufacturers and suppliers in the automotive industry. Accordingly, this study
investigates the relations in deliveries of digital services in supply chains of the automotive industry.
The data set was obtained through annual reports of the automotive firms, both from suppliers
and manufacturers, between 2018 and 2020. From the network perspective, throughout the years,
authors have used Social Network Analysis (SNA) method. SNA evaluates the relationship between
actors (i.e., manufacturers and suppliers) in the use of services in their business models. The research
results demonstrate how suppliers influence car manufacturers to deliver digital services to their
customers. Finally, this study provides information that the combination of digital technologies with
product-related services enables a stronger relationship between manufacturers and suppliers in
the manufacturing ecosystem. These relations support the manufacturing ecosystem to survive the
influence of different environments.

Keywords: digital servitization; digital technologies; digital supply chain; automotive industry;
Industry 4.0; social network analysis

1. Introduction

Despite the fact that digital transformation is one of the leading terms of today, for
a complete understanding of this field, it is necessary to cross theory and practice. Al-
though there is a large amount of literature on digital transformation [1], scholars have
not yet reached a consensus on the definition of "digital transformation" [2]. Existing
studies have defined digital transformation mainly from the perspectives of technology
and value. Some scholars have also defined digital transformation from the perspective of
strategic change [3]. The term "digital transformation" refers to a company-wide shift that
results in the development of new business models [4]. Through business models, digital
transformation applies digital components to establish a new value chain [5]. The function
of digital servitization is a relevant subject for research in digital transformation [6]. The
use of digital technology can hasten the transition from product to service-based business
models [6]. The bulk of the studies examined pertain to digital transformation in a larger
sense, concentrating on the creation of value using various digital technologies. The main
drivers for digital transformation are technologies such as IoT, Big Data, AI, and Cloud.
Digital transformation, on the other hand, might be considered an essential component of
many company tasks, such as sales, marketing, and supply chains [7]. From all the above,
it is clear that companies implementing digital transformation must be able to undergo
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major changes. It is important to understand the potential of digital technologies and how
digital transformation is changing competitive scenarios [8]. Digital transformation affects
all sectors, in particular the automotive industry. Automotive supply chains are interna-
tional and, consequently, very complicated. They have a large network of relationships
between manufacturers, suppliers, and customers worldwide [9]. Thus, firms that do not
employ creative consumer solutions cannot compete in the market. Strategy cycles in the
automotive industry are shortening due to differentiation and rapidly changing customer
demands [10]. Furthermore, the continually changing reality of the COVID-19 outbreak
compels firms to quickly modify their approaches in order to maintain their businesses.
Long lockdowns in China occurred during the COVID-19 pandemic, resulting in a scarcity
of spare parts for its European partners [11]. According to these issues, 95% of all German
automotive businesses are relocating their staff to temporary positions [12]. As a result
of the delays, material concerns, and a lack of transportation choices, this issue impacted
the worldwide automobile supply chains as well [11]. Based on these concerns, digital
technologies provide new ways to address human resource and supply chain issues. For
example, some digital services, such as online collaboration platforms, were frequently
utilized to resolve concerns with face-to-face meetings [13]. In light of these considerations,
three main questions arise.

RQ1: Which digital technologies encourage the relations between automotive manu-
facturers and suppliers?

RQ2: Which product-related services encourage the relations between automotive
manufacturers and suppliers?

RQ3: How does the COVID-19 pandemic affect relations between manufacturers and
suppliers in the use of digital technologies and product-related services?

To answer these research questions, the paper provides a business model in the
automotive industry from suppliers through manufacturers and to customers. The structure
of the paper is as follows. The theoretical foundation for the investigation is presented
in the next part. The third section describes the research methodology. In the findings
section, results followed by the discussion are presented. Finally, the main implications of
the research are derived, including the concluding remarks and propositions for further
research directions.

2. Research Context
2.1. Industry 4.0

Industry 4.0 was created in 2011 in Germany to concentrate attention on the influence
of technology in future production systems [14]. Various Industry 4.0 concepts have lately
surfaced. The term "fourth industrial revolution" [15,16] has been used to characterize new
production systems supported by digital technologies and networking [17]. The previous
research provided a theoretical framework for comprehending Industry 4.0. Accordingly,
the notion of Industry 4.0 encompasses several business characteristics that are supported
by evolving technologies [18].

These aspects are underpinned by basic technologies such as cloud computing, big
data, and IoT. In this view, the digital transformation of firms is viewed as the transition pro-
cess from traditional to smart business [17]. Although the phrase or notion of Industry 4.0 is
widely used, coherence in what it represents is sometimes lacking. Furthermore, related
technologies have not yet been unified; thus, a full and mutually exclusive classification is
still lacking.

Russmann et al. (2015) analyze Industry 4.0 through nine technologies that will be
used in this paper [14,19]. Below is a brief overview of each technology and its use and
utility if applied to services [14,20]:

• Big Data Analytics—the full analysis of accessible data in order to make better real-
time decisions. When applied to a service, it allows for the creation of a more in-depth
understanding of client behavior and preferences.
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• Collaborative Robots—robots are used by manufacturers in a variety of sectors to
perform complicated tasks. They are self-sufficient, adaptable, and cooperative. They
take the role of people in totally rule-based work processes.

• Artificial Intelligence—businesses work on computer simulations of human intelli-
gence processes using technology.

• Internet of Things (IoT)—an interconnected network of machines and products. Multi-
dimensional communication between networked things.

• Cyber Security—entails safe, dependable communications as well as advanced ma-
chine and user identification and access control.

• Cloud Computing—communication in real time for manufacturing systems. Increased
distant data sharing by the corporation reduces response times from all networked
data consumers to a few milliseconds.

• 3D Printing—allows firms to develop and manufacture specific components.
• Augmented and Virtual Reality—a range of services are supported by augmented-

reality-based systems, including the selection of components at a warehouse and the
transmission of repair instructions via mobile devices.

• Digital Twin—computer models that depict the condition of the network at any given
time, in real time.

Industry 4.0 technologies enable businesses to better comprehend what value repre-
sents to consumers by collecting a large quantity of data on their behavior and product
consumption [17,21]. Large quantities of data, paired with rising computing capacity,
are causing profound changes in industrial firms [22]. The phenomenal progress and
acceptance of digital technologies have greatly altered customers’ perceptions of product
innovation and delivery speed [23]. In this scenario, product manufacturers must adapt to
the demand-pull measure of service innovation, while simultaneously investing heavily in
advanced technologies and connectivity to be more competitive [17]. Industry 4.0 enabling
technologies provide mitigation potential for the multiple hazards that the automobile
industry encountered during the COVID-19 epidemic. Climate change, increasing urban-
ization, digitization, and electrification, on the other hand, modify social requirements
and customer preferences toward vehicle mobility [24]. The combination of digitization
and services allows car manufacturers to form a green value chain with suppliers in order
to obtain better market outcomes. Furthermore, these technologies can help businesses
reduce the risk of trouble so that they can keep operating. This is especially true in the
event of a pandemic, when a lack of employees is one of the many crucial elements possibly
damaging operations, particularly supply chain activities [9].

2.2. Digital Servitization

Industry 4.0 and servitization are some of the most current innovations that are chang-
ing industrial businesses [25–27]. Industry 4.0 is typically associated with bringing value
to the production process, whereas servitization is primarily concerned with providing
value to customers [17]. Both Industry 4.0 and servitization arose from distinct study areas,
the former from engineering and the latter from management science [15]. The notion of
servitization was first established in 1988 in response to the requirement to assure and
provide integrated products and services in order to provide additional value [28]. Today,
servitization refers to a phenomenon that involves technology [29] that assists or improves
the service delivered [30]. The adoption of IoT technology enables manufacturers to pro-
vide new kinds of services, enhancing servitization through digitalization [31], introducing
the idea of "digital servitization". This is described as the creation of new services or the
enhancement of current ones by employing digital technologies. These may be used to
allow advanced business models and develop information from data in order to obtain a
competitive advantage [7]. One of the most difficult servitization challenges is selecting the
new value proposition, which has a significant influence on the whole value architecture of
the business model [32].
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Pournader et al. (2020) defined the COVID 19 epidemic as a "crisis-as-process" rather
than a "crisis-as-event" [33]. Accordingly, firms must prepare in the long term for how
they will employ digital technologies in order to develop their business model and adapt
to the new situation. One of the primary trends in firm strategy is the expansion of
product service content [34]. Product-related services are those that are closely tied to the
items in the products. In this paper, the authors investigate product-related services in
the automotive industry. Automobile production is a classic example of a business that
provides a product–service combination.

Car manufacturers provide a wide spectrum of services to their consumers, including
finance, maintenance, and availability, among others. This trend of developing car-related
services has lately been accelerated using digital technologies. They want to provide clients
with new sorts of "telematics services" [35]. For the purposes of this research, the following
product-related services are used:

• Spare parts—exchangeable components stored in an inventory and employed to
restore damaged equipment.

• Maintenance—includes performing functional tests, and maintaining and replacing
relevant machinery.

• Training—implies informing or instructing to help and improve knowledge.
• Leasing—is a sort of funding that may be obtained from an outside firm if there is

insufficient cash at the time.
• Renting and Pay Per Use—is an arrangement in which a payment is paid for the

momentary use of another’s products or services.
• Full-service contract—a long-term arrangement between the firm and its customers.

Previous study indicates that product-related services impacted by digital technologies
may have a favorable impact on manufacturing enterprises’ financial performance [6].
Furthermore, the digital product–service system may be created by combining digital
technology with product-related services. Based on digitalization, digital product–service
systems might assist car manufacturers in reducing their environmental impact while
increasing their financial performance.

2.3. Digital Supply Chain

Academic studies on the digital supply chain phenomena are still in their early phases.
This field has lately evolved as a result of technological advancements and the complexity of
the international market. Supply networks must deal with ever-changing client demands as
well as a wide range of external disruptions. Smart goods combined with advanced supply
chain services pave the path for a paradigm change in supply chain management [36]. The
Digital Supply Chain is a comprehensive examination of the platforms and models that
enable the design and administration of digitally related supply chains. Digital technologies
have a huge influence on the value chains in the automobile sector [37]. Ivanov et al. (2020)
consider that the supply chain could only be as useful as the digital technologies that power
it [38]. To fulfill the dynamic expectations of customers in a highly competitive market, the
supply chain must be efficient and cost-effective [39]. This necessitates a high degree of
digitalization and automation in the company’s supply chain.

IT technologies with transparency and visibility of the information shape supply
chain resilience [40]. Supply networks were already under strain before the COVID-19
pandemic. Increasingly complicated supply networks, globalization, and outward factors
have all contributed to supply chain disruptions in recent years [41]. Nonetheless, no recent
occurrence has shown the fragility of supply chains in the same way as the COVID-19
outbreak [33]. During the COVID-19 pandemic, suppliers were unable to satisfy their
supply requirements [38]. With the growth of social media, unfavorable experiences may be
quickly shared with a huge audience [9]. This information may quickly taint a company’s
reputation. The development of the pandemic has heightened the urgency of creating
supply networks that can be better sustained. Supply chain redesign to achieve Circular
Economy goals is still in its early stages [42]. The Circular Economy in the supply chain has
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gained traction as a result of the COVID-19 pandemic [38]. Circular Economy systems may
be supported by Industry 4.0 principles, which can influence the digital supply chain [43].
According to Hussain and Malik (2020), the Circular Economy is related to supply chain
resilience and capacities [44]. Companies are beginning to adopt e-commerce platforms
that preserve links between manufacturers and users to enhance supply chains throughout
the epidemic [45]. These new relationships between manufacturers and customers help to
promote the re-manufacturing process, which affects suppliers in the automobile sector [46].

Several firms from several manufacturing sectors are involved in the automobile
supply chain. Worldwide automakers have a policy in place for recycling and reusing their
products. As a result of these factors, the automotive supply chain is being driven to alter
its resources and operations in order to meet environmental standards [47]. Connecting
Industry 4.0 with the Circular Economy can enhance supply chain partners’ operational
and logistical issues for achieving long-term sustainability [43].

3. Methodology

To answer the research questions presented in the introduction, according to the
previous research, authors propose to use Social Network Analysis (SNA) as a method to
address findings. SNA is an often used technique in social science; however, in the last
decade, this method has increased its application in manufacturing research. Furthermore,
the goal of this research is to identify connections in the automobile industry’s supply chain.
According to this aim, with this method, this study provides a network perspective of the
automotive supply chain.

3.1. Data Collection

The data for this empirical study originate from the annual reports from 2018 and 2020
in the automotive industry. Previous studies show that annual reports provide relevant
information for research in the automotive industry [48]. For this research, authors use data
from automotive manufacturers such as Volkswagen Group, Ford Motor, General Motors,
BMW, and Toyota Motor. From the automotive suppliers, the authors use data from firms
such as Magna, Continental, ZF, Lear, and Bosch. The authors choose these 10 companies
because they are in the top 5 by revenue in both groups (i.e., manufacturers and suppliers)
in the automobile industry worldwide. Every annual report is directly provided by the
company website and provides financial, innovation, technology, and other useful infor-
mation. All this information gives a good overview of the automotive manufacturers’ and
suppliers’ overall performance before and during the COVID-19 pandemic.

To obtain data from these annual reports, authors use a snowball sampling method to find
all digital technologies and product-related services which are connected to the firms. Moreover,
the snowball method helps authors to find which automobile manufacturers are closely related
to automobile suppliers. In the application of snowing ball methods, authors search for the
relations between manufacturers, suppliers, and their use of digital technologies and product-
related services. This study has two sets of actors: firms (manufacturers and suppliers) and
resources (digital technologies and product-related services). Authors labeled firms with a
combination of letters and numbers ranging from AM1 to AM5 for automotive manufacturers
and from AS1 to AS5 for automotive suppliers. The digital technologies are labeled with the
following marks: DT1—“3D-Printing”, DT2—“Collaborative robots”, DT3—“Artificial Intelligence”,
DT4—“Big Data Analytics”, DT5—“Cloud Computing”, DT6—“Cyber Security”, DT7—“Internet
of Things”, DT8—“Augmented and Virtual Reality”, and DT9—“Digital twin”. Product-related
services are marked as follows: TS1—“Spare parts”, TS2—“Maintenance”, TS3—“Training”,
TS4—“Leasing”, TS5 —“Renting”, TS6—“Pay-per-use”, and TS7—“Full-service contract”.

3.2. Data Analysis

To visualize relations between automotive manufacturers and suppliers, the authors
used SNA graphs with the metrics, which describe the cohesion of the network. For
the data analysis, the authors use centrality measures [49]. Degree centrality shows how
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many direct connections each manufacturer has to suppliers via digital technologies and
product-related services in the network. Eigenvector centrality quantifies a firm’s impact by
counting the number of ties it has to other companies in the network via digital technology
and product-related services. Eigenvector Centrality then considers how well linked a
business is, how many interconnections its connections have, and so on via the network.
Closeness centrality scores each firm based on its ‘closeness’ to all other firms in the network.
The number of times a business stands on the shortest path between other firms in the
network in the usage of digital technology and product-related services is measured by
betweenness centrality. To measure the centrality of the automotive network, authors use a
sociogram table as a base. Table 1 shows a sociogram of the automotive network.

Table 1. Sociogram of the automotive industry.

DT1 DT2 DT3 ... DT8 DT9 TS1 ... TS7

AM1 1 1 1 1 1 1 1 1 1
AM2 1 1 1 1 1 1 1 1 1

... 0 1 1 1 1 0 1 1 1
AM5 1 1 1 1 1 0 1 1 1
AS1 1 1 1 1 1 0 1 1 0

... 0 1 1 1 1 0 1 1 1
AS4 0 1 1 1 1 0 1 1 1
AS5 1 1 1 1 1 1 1 1 0

In the sociogram, the binary data describe whether a firm (manufacturer or supplier)
did (+1) or did not (0) use the resources (digital technology or product-related services) in
the automotive network.

4. Results

Figures 1 and 2 show the structure of the automotive network before and during the
period of the COVID-19 pandemic. Figure 1 shows the automotive network in 2018.
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Figure 1. The automotive network in 2018.

In the graphs, the blue squares represent digital technologies and product-related
services. The blue square from AM1 to AM5 represents automotive manufacture, and
the blue square from AS1 to AS5 is for automotive suppliers. The red circles represent
automotive manufacturers and suppliers. The red circles from DT1 to DT9 represent digital
technologies, and the red circles from TS1 to TS7 represent product-related services. The
density of the network has a value of 0.788, the network average geodesic distance has a
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value of 1.667, and the network diameter has a value of 4. Figure 2 shows the automotive
network in 2020.
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Figure 2. The automotive network in 2020.

The degree of the network in 2020 has a value of 0.875, the network average geodesic
distance has a value of 1.631, and the network diameter has a value of 3. According to
the description of the network in 2018 and 2020, authors find the difference in all three
categories, which shows the power of the networks. The degree measure of the network
grows from 0.788 to 0.875 and shows that in the COVID-19 pandemic period, manufacturers
have more opportunities to be connected with suppliers via digital technologies and
product-related services. The network average geodesic distance went from 1.667 in 2018
to 1.631 in 2020. This value shows that firms are closely connected in the automotive
ecosystem. Furthermore, the value of the network diameter goes down from 4 to 3. This
value shows that manufacturers and suppliers in the automotive networks have more
opportunities to implement new digital technologies and product-related services during
the COVID-19 pandemic than before the COVID-19 pandemic. Tables 2 and 3 show the
centrality measures of the networks in the automotive industry in 2018 and 2020.

Table 2. Centrality measures of the networks in the automotive industry in 2018.

Firm Degree
Centrality

Eigenvector
Centrality

Closeness
Centrality

Betweenness
Centrality

AM1 0.875 0.339 0.971 0.065
AM2 0.75 0.295 0.872 0.046
AM3 0.813 0.32 0.919 0.053
AM4 0.813 0.32 0.919 0.053
AM5 0.875 0.339 0.971 0.064
AS1 0.75 0.311 0.872 0.03
AS2 0.75 0.312 0.872 0.03
AS3 0.688 0.292 0.829 0.022
AS4 0.75 0.312 0.872 0.03
AS5 0.813 0.32 0.919 0.054

The results from 2018 show that auto manufacturers AM1 and AM5 had the high-
est value in all the centrality measures, except betweenness centrality, where AM1 had
better results than AM5. All other manufacturers also had very strong relations in the
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use of digital technologies and product-related services. Furthermore, results show that
automotive suppliers had fewer average relations with automotive manufacturers in the
use of digital technologies and product-related services. Only AS5 had similar values as
automotive manufacturers. The results from 2020 show different values in the centrality
measures. All automotive manufacturers and suppliers had the strongest relations between
themselves in the use of digital technologies and product-related services. Moreover, AM1
had relations with all suppliers in the use of these resources. In addition, in the COVID-19
era, all suppliers implement more digital technologies and product-related services to
be more competitive in the automotive value chains. Table 4 shows the eigenvector of
digital technologies.

Table 3. Centrality measures of the networks in the automotive industry in 2020.

Firm Degree
Centrality

Eigenvector
Centrality

Closeness
Centrality

Betweenness
Centrality

AM1 1 0.33 1 0.14
AM2 0.875 0.318 0.895 0.039
AM3 0.875 0.316 0.895 0.043
AM4 0.875 0.316 0.895 0.043
AM5 0.938 0.328 0.944 0.057
AS1 0.813 0.306 0.85 0.027
AS2 0.813 0.306 0.85 0.027
AS3 0.875 0.318 0.895 0.039
AS4 0.813 0.306 0.85 0.027
AS5 0.875 0.318 0.895 0.039

Table 4. Eigenvector of digital technologies in automotive industry in 2018 and 2020.

Digital Technology 2018 2020

DT1 0.207 0.273
DT2 0.295 0.273
DT3 0.295 0.273
DT4 0.295 0.273
DT5 0.295 0.273
DT6 0.21 0.273
DT7 0.295 0.273
DT8 0.295 0.273
DT9 0.089 0.139

The results of the eigenvector centrality from 2018 show that Collaborative Robots,
Artificial Intelligence, Big Data Analytics, Cloud Computing, the Internet of Things, and
Augmented and Virtual Reality had a higher number of links that connected automotive
manufacturers and automotive suppliers. On the other hand, results from 2020 show
that all digital technologies, except Digital Twin, had strong relations with automotive
manufacturers and suppliers. These results show that from 2018 to 2020, automotive
manufacturers and suppliers created a digital ecosystem to survive the influence of the
environment. Table 5 shows the eigenvector of the product-related services industry in
2018 and 2020.

The results of the eigenvector centrality of the product-related services show a similar
situation as the eigenvector centrality of digital technologies. The 2018 results show that
Spare parts, Maintenance, and Leasing had strong relations with automotive manufacturers
and suppliers. On the other hand, results from 2020 show similar eigenvector values for all
product-related services, except Renting and Pay-per-use services.
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Table 5. Eigenvector of product-related services in automotive industry in 2018 and 2020.

Traditional Services 2018 2020

TS1 0.295 0.273
TS2 0.295 0.273
TS3 0.267 0.273
TS4 0.295 0.273
TS5 0.091 0.111
TS6 0 0.028
TS7 0.209 0.273

5. Discussion
5.1. Theoretical Implications

The manuscript presents connections in the supply chain of the automotive industry.
The data for this study are collected from the annual reports from 2018 and 2020 in the
mentioned industry, to find the relations between manufacturers, suppliers, and their use
of digital and service resources.

One of the goals of this research is to show the structure of the automotive network
before (in 2018) and during the COVID-19 pandemic (in 2020). The degree of the net-
work during the pandemic has a greater value compared to the situation before, which
means that in that time interval, the relations between producers and suppliers have be-
come stronger. Automotive manufacturers increasingly realize that improved supplier
integration leads to improved performance for the supply chain as a whole [50]. The
results from 2018 show that two auto manufacturers had the highest value in all the
centrality measures, but all other manufacturers had very strong relations in the use
of digital technologies and product-related services as well. However, the results from
2020 show that all automotive manufacturers and suppliers had the strongest relations
between themselves in the use of digital technologies and product-related services. In
addition, the results show which digital technologies have a higher number of links that
connect automotive manufacturers and automotive suppliers. In 2018 these technolo-
gies were Collaborative Robots, Artificial Intelligence, Big Data Analytics, Cloud Computing,
the Internet of Things, and Augmented and Virtual Reality. On the other hand, results from
2020 show that all digital technologies, except Digital Twin, had strong relations with auto-
motive manufacturers and suppliers. This research backs up earlier studies that illustrate
the benefits of digital solutions for the automobile sector [51].

The results for product-related services show a similar situation. The 2018 results
show that the product-related services Spare parts, Maintenance, and Leasing have strong
relations with automotive manufacturers and suppliers. On the other hand, results from
2020 show high values for all product-related services and have strong relations with
automotive manufacturers and suppliers, except for Renting and Pay-per-use services.
Hereafter, the outcomes of this study suggest that digital technology and product-related
services have a significant impact on the resilience of manufacturing firms. These findings
fill the gaps in the literature about business, sustainability, and digital supply chains in the
COVID-19 pandemic era [49]. The ideas of Industry 4.0 assist manufacturing organizations
in overcoming the hazards posed by the COVID-19 pandemic. Digital technology, in
particular, assists manufacturing organizations in resolving human resource difficulties,
which mostly influence supply chain operations [9]. Given the COVID-19 pandemic, supply
chain resilience has taken center stage. The Circular Economy and digital supply chains
help to ensure social and environmental sustainability [43]. The Circular Economy has
served as a catalyst for transformation in the automobile industry, increasing the robustness
of business models [40]. From the methodology perspective, this research supports previous
related works which employ SNA as a method in manufacturing research [49,52]. These
findings open new questions about the implementation of social methods in manufacturing
research to obtain relations between different segments.



Sustainability 2023, 15, 2217 10 of 13

5.2. Practical Implications

For RQ1: “Which digital technologies encourage the relations between automotive manufactur-
ers and suppliers?”, the results show that the digital technologies that boost the relationship
between car manufacturers and suppliers are as follows: 3D-Printing, Collaborative robots,
Artificial Intelligence, Big Data Analytics, Cloud Computing, Cyber Security, Internet of
Things, and Augmented and Virtual Reality.

These findings indicate that the aforementioned digital technologies have the best
connections in the industrial ecosystem and strengthen the interaction between vehicle
manufacturers and suppliers. For RQ2: “Which product-related services encourage the relations
between automotive manufacturers and suppliers?”, Spare parts, Maintenance, Training, Leas-
ing, and Full-service contract are product-related services that have the best connections in
the COVID-19 pandemic era and boost the relationship between car manufacturers and
suppliers. For RQ3: “How does COVID-19 affect relations between manufacturers and suppliers
in the use of digital technologies and product-related services?”, the results show that manufac-
turers and suppliers in the automotive networks are more involved in the implementation
of new digital technologies and product-related services during the COVID-19 pandemic
than before the COVID-19 pandemic. Firms that use more digital solutions have a higher
chance of surviving environmental issues. When comparing the situation in 2018 and
2020, it was observed that during the pandemic, all the digital technologies listed in this
study had strong relationships with car manufacturers and suppliers. A similar situation
exists with product-related services, where also during the pandemic period (2020), all
product-related services (except for two) listed in this study had strong relationships with
car manufacturers and suppliers.

With this information, managers in the automotive industry could shape their circular
business models based on digital services to achieve better market success. During the
World Economic Crisis in 2008, the automotive industry transformed its business from
traditional producers to service providers (especially Maintenance and Spare parts). The
reason for this transformation was the lower level of the economic power of the customers.
On the other hand, during the COVID-19 crisis, the automotive industry employs different
digital technologies in combination with traditional services to achieve resilience in the
environment. The future trends of managers in the automotive industry could be to provide
solutions for the customers that support relations with their suppliers, such as electric cars,
which enable the Circular Economy. Digital solutions could be a trigger for new business
models in the automotive industry. For example, a combination of Maintenance with the
IoT and Cloud Computing could result in a predictive maintenance service for customers.
Predictive maintenance could enable new information for the suppliers about the need for
spare parts to better organize their business. Furthermore, customers could better organize
old parts, which could be disposed of by the manufacturers or suppliers based on big
data analyses.

6. Conclusions

This study investigates the relations in supply chains of the automotive industry
and involves a mixed-method approach, using SNA methods and annual reports of the
automotive firms. The purpose of this article is to assess the interaction between manu-
facturers and suppliers in terms of resource use in respective business models. To achieve
the greatest position in the manufacturing ecosystem, firms couple digital technology
with product-related services. Worldwide automakers have a policy in place for recycling,
reusing, and recovering their products. For these reasons, the automotive supply chain is
being compelled to modify its activities to accomplish the governmental guidelines and
achieve sustainability goals. The present stage of development of the world automotive
industry in the conditions of digitalization indissolubly and everywhere relates to the
implementation of new technologies. Today, the automotive industry is moving towards
complete digitization, which leads to the development of electric vehicles. Furthermore, the
outcomes demonstrate possibilities for firms to improve their processes, making them more
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sustainable and resilient to challenges such as the COVID-19 pandemic. The emergence
of the pandemic has further accelerated the need to make supply chains more sustainable.
Due to the COVID-19 pandemic, this Circular Economy supply chain resilience linkage
has gained momentum. The mentioned digital technologies, which also affect the digital
supply chain, can support the Circular Economy system, which is reflected in the resilience
and capabilities of the supply chain. Finally, this study provides information that the combi-
nation of digital technologies with product-related services enables a stronger relationship
between manufacturers and suppliers in the manufacturing ecosystem. These relations
support the manufacturing ecosystem to survive the influence of different environments.

The main limitation of this study is the data set. This study only used annual re-
ports of the automotive firms and analyzed the five most dominant manufacturers. For
future research, authors could use the results from a whole consortium to show a wider
picture, as well as to expand the research with other actors. It is also desirable to include
the annual report from 2022, to investigate possible differences and to try to establish a
two-year trend of progress. Moreover, future research could include more information
about Industry 5.0 concepts in the supply chain of the automotive industry. With this
information, production managers could receive a clearer picture of the sustainability and
resilience aspects, rather than only of the value of digitalization in the automotive industry.
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22. Janković, A.; Adrodegari, F.; Saccani, N.; Simeunović, N. Improving Service Business of Industrial Companies through Data:
Conceptualization and Application. Int. J. Ind. Eng. Manag. 2022, 13, 78–87. [CrossRef]

23. Lee, J.; Kao, H.A.; Yang, S. Service Innovation and Smart Analytics for Industry 4.0 and Big Data Environment. Procedia CIRP
2014, 16, 3–8. [CrossRef]

24. Wittmann, J. Electrification and Digitalization as Disruptive Trends: New Perspectives for the Automotive Industry? In Phantom
Ex Machina; Springer International Publishing: Cham, Switzerland, 2017; pp. 137–159.

25. Rakic, S.; Visnjic, I.; Gaiardelli, P.; Romero, D.; Marjanovic, U. Transformation of Manufacturing Firms: Towards Digital Servitization;
Springer International Publishing: Cham, Switzerland, 2021; Volume 631, IFIP; ISBN 9783030859015.

26. Acerbi, F.; Sassanelli, C.; Terzi, S.; Taisch, M. A Systematic Literature Review on Data and Information Required for Circular
Manufacturing Strategies Adoption. Sustainability 2021, 13, 2047. [CrossRef]

27. Acerbi, F.; Sassanelli, C.; Taisch, M. A Conceptual Data Model Promoting Data-Driven Circular Manufacturing. Oper. Manag. Res.
2022, 15, 838–857. [CrossRef]

28. Vandermerwe, S.; Rada, J. Servitization of Business: Adding Value by Adding Services Sandra. Eur. Manag. J. 1988, 6, 314–324.
[CrossRef]

29. Rabetino, R.; Harmsen, W.; Kohtamäki, M.; Sihvonen, J. Structuring Servitization-Related Research. Int. J. Oper. Prod. Manag.
2018, 38, 350–371. [CrossRef]

30. Opresnik, D.; Taisch, M. The Value of Big Data in Servitization. Int. J. Prod. Econ. 2015, 165, 174–184. [CrossRef]
31. Coreynen, W.; Matthyssens, P.; Van Bockhaven, W. Boosting Servitization through Digitization: Pathways and Dynamic Resource

Configurations for Manufacturers. Ind. Mark. Manag. 2017, 60, 42–53. [CrossRef]
32. Ayala, F.; Frank, G. The Moderating Role of Service Suppliers Managing Servitization in Product Companies: The Moderating

Role of Service Suppliers. Int. J. Oper. Prod. Manag. 2019, 39, 43–74. [CrossRef]
33. Pournader, M.; Shi, Y.; Seuring, S.; Koh, S.C.L. Blockchain Applications in Supply Chains, Transport and Logistics: A Systematic

Review of the Literature. Int. J. Prod. Res. 2020, 58, 2063–2081. [CrossRef]
34. Magnusson, P.R. Customer-Oriented Product Development: Experiments Involving Users in Service Innovation; Stockholm School of

Economics: Stockholm, Sweden, 2003; ISBN 9172586184.
35. Lenfle, S.; Midler, C. The Launch of Innovative Product-Related Services: Lessons from Automotive Telematics. Res. Policy 2009,

38, 156–169. [CrossRef]
36. Pflaum, A. Introduction to The Digital Supply Chain of the Future: Technologies, Applications and Business Models Minitrack

The Digital Supply Chain of the Future: Technologies, Applications and Business Models Minitrack. 2017. Available online:
https://aisel.aisnet.org/cgi/viewcontent.cgi?article=1531&context=hicss-50 (accessed on 3 January 2023).

37. Psychiatry, C.; Jalali-farahani, S.; Chin, Y.; Taib, N.; Amiri, P. Disordered Eating and Its Association with Overweight and
Health-Related Quality of Life among Adolescents in Selected High Schools of Tehran Disordered Eating and Its Association
with Overweight and Health-Related Quality of Life among Adolescents in Sel. Child Psychiatry Hum. Dev. 2014, 46, 485–492.
[CrossRef]

38. Ivanov, D. Viable Supply Chain Model: Integrating Agility, Resilience and Sustainability Perspectives—Lessons from and
Thinking beyond the COVID-19 Pandemic. Ann. Oper Res. 2020, 319, 1411–1431. [CrossRef] [PubMed]

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/reimagining-the-auto-industrys-future-its-now-or-never
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/reimagining-the-auto-industrys-future-its-now-or-never
http://doi.org/10.1016/j.jclepro.2020.120112
http://doi.org/10.1080/00207543.2017.1308576
http://doi.org/10.1016/j.techfore.2019.01.014
http://doi.org/10.1016/j.ijpe.2019.01.004
http://doi.org/10.2139/ssrn.3529276
http://doi.org/10.1016/j.ijpe.2014.12.031
http://doi.org/10.24867/IJIEM-2022-2-302
http://doi.org/10.1016/j.procir.2014.02.001
http://doi.org/10.3390/su13042047
http://doi.org/10.1007/s12063-022-00271-x
http://doi.org/10.1016/0263-2373(88)90033-3
http://doi.org/10.1108/IJOPM-03-2017-0175
http://doi.org/10.1016/j.ijpe.2014.12.036
http://doi.org/10.1016/j.indmarman.2016.04.012
http://doi.org/10.1108/IJOPM-08-2017-0484
http://doi.org/10.1080/00207543.2019.1650976
http://doi.org/10.1016/j.respol.2008.10.020
https://aisel.aisnet.org/cgi/viewcontent.cgi?article=1531&context=hicss-50
http://doi.org/10.1007/s10578-014-0489-8
http://doi.org/10.1007/s10479-020-03640-6
http://www.ncbi.nlm.nih.gov/pubmed/32836614


Sustainability 2023, 15, 2217 13 of 13

39. Fatorachian, H.; Kazemi, H. The Management of Operations A Critical Investigation of Industry 4.0 in Manufacturing: Theoretical
Operationalisation Framework. Prod. Plan. Control. 2018, 7287, 1–12. [CrossRef]

40. Nandi, S.; Sarkis, J.; Hervani, A.; Helms, M. Do Blockchain and Circular Economy Practices Improve Post COVID-19 Supply
Chains? A Resource-Based and Resource Dependence Perspective. Ind. Manag. Data Syst. 2021, 121, 333–363. [CrossRef]

41. Lechler, S.; Canzaniello, A.; Roßmann, B.; von der Gracht, H.A.; Hartmann, E. Real-Time Data Processing in Supply Chain
Management: Revealing the Uncertainty Dilemma. Int. J. Phys. Distrib. Logist. Manag. 2019, 49, 1003–1019. [CrossRef]

42. Taddei, E.; Sassanelli, C.; Rosa, P.; Terzi, S. Circular Supply Chains in the Era of Industry 4.0: A Systematic Literature Review.
Comput. Ind. Eng. 2022, 170, 108268. [CrossRef]

43. Bag, S.; Yadav, G.; Wood, L.C.; Dhamija, P.; Joshi, S. Industry 4.0 and the Circular Economy: Resource Melioration in Logistics.
Resour. Policy 2020, 68, 101776. [CrossRef]

44. Hussain, M.; Malik, M. Organizational Enablers for Circular Economy in the Context of Sustainable Supply Chain Management.
J. Clean Prod. 2020, 256, 120375. [CrossRef]

45. Zhang, X.; Chen, H.; Liu, Z. Operation Strategy in an E-commerce Platform Supply Chain: Whether and How to Introduce Live
Streaming Services? Int. Trans. Oper. Res. 2022, 1–29. [CrossRef]

46. Zhang, X.; Li, Q.; Liu, Z.; Chang, C.-T. Optimal Pricing and Remanufacturing Mode in a Closed-Loop Supply Chain of WEEE
under Government Fund Policy. Comput. Ind. Eng. 2021, 151, 106951. [CrossRef]

47. Pinho Santos, L.; Proença, J.F. Developing Return Supply Chain: A Research on the Automotive Supply Chain. Sustainability 2022,
14, 6587. [CrossRef]

48. MacGregor Pelikánová, R. Corporate Social Responsibility Information in Annual Reports in the EU—A Czech Case Study.
Sustainability 2019, 11, 237. [CrossRef]

49. Sofic, A.; Rakic, S.; Pezzotta, G.; Markoski, B.; Arioli, V.; Marjanovic, U. Smart and Resilient Transformation of Manufacturing
Firms. Processes 2022, 10, 2674. [CrossRef]

50. Harrison, A.; Van Hoek, R. Logistics Management and Strategy; McGraw-Hill/Irwin: Boston, MA, USA; ISBN 9780273712763.
51. Dalenogare, L.S.; Benitez, G.B.; Ayala, N.F.; Frank, A.G. The Expected Contribution of Industry 4.0 Technologies for Industrial

Performance. Int. J. Prod. Econ. 2018, 204, 383–394. [CrossRef]
52. Zivlak, N.; Rakic, S.; Marjanovic, U.; Ciric, D.; Bogojevic, B. The Role of Digital Servitization in Transition Economy: An SNA

Approach. Teh. Vjesn.—Tech. Gaz. 2021, 28, 1912–1919. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/09537287.2018.1424960
http://doi.org/10.1108/IMDS-09-2020-0560
http://doi.org/10.1108/IJPDLM-12-2017-0398
http://doi.org/10.1016/j.cie.2022.108268
http://doi.org/10.1016/j.resourpol.2020.101776
http://doi.org/10.1016/j.jclepro.2020.120375
http://doi.org/10.1111/itor.13186
http://doi.org/10.1016/j.cie.2020.106951
http://doi.org/10.3390/su14116587
http://doi.org/10.3390/su11010237
http://doi.org/10.3390/pr10122674
http://doi.org/10.1016/j.ijpe.2018.08.019
http://doi.org/10.17559/TV-20210325083229

	Introduction 
	Research Context 
	Industry 4.0 
	Digital Servitization 
	Digital Supply Chain 

	Methodology 
	Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Theoretical Implications 
	Practical Implications 

	Conclusions 
	References

