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Introduction: From Industry 4.0 to Digital
Industrial Business Models

Abstract

Ten years after the concept of “Industrie 4.0” was announced at the Hanover Fair as
part of the German High-Tech Strategy, nowadays often referred to in its English
spelling “Industry 4.0,” research and practice has increasingly recognized the
concept and it has become a focus of investigation from various perspectives. This
book subsumes insights from research and practice on Industry 4.0 with special
regard to digital business models and industrial ecosystems. Thus, it aims to con-
tribute to understanding the socioeconomic implications of Industry 4.0 that go
beyond technological enablers or use cases. The book thereby aims to contribute to
unfolding the concept across entire industrial supply chains or even ecosystems, as
referred to as a central characteristic of horizontal and vertical integration in the
initial concept of Industry 4.0. Likewise, the potential for digital or data-driven
business models is regarded in detail, especially in conjunction with the aforehand
mentioned supply chain or even ecosystem spanning nature of Industry 4.0. The
following chapter aims to conceptualize the main themes of this book, Industry 4.0,
digital business models, and industrial ecosystems and put them into context.
Further, the 15 contributions grouped into six parts are introduced briefly to the
reader, highlighting different perspectives on Industry 4.0 research, managerial
insights, and lessons learned from across Europe.

At the Hanover Fair in 2011, the German government announced the concept of
“Industrie 4.0” as part of its High-Tech Strategy to secure the future competitive-
ness of the German manufacturing industry. The abbreviation “4.0” points towards
a potential fourth industrial revolution that shall, in contrast to the three previous
industrial revolutions, be introduced proactively and a priory. The concept of
Industry 4.0 is based on several technological enablers that have gained maturity in
the last decade, most notably Cyber-Physical Systems (CPS) and the Internet of
Things (IoT). CPS aim to resemble and extend the physical world through a virtual
one, using technologies such as advanced sensors or digital twins. This allows to
better simulate and thus better analyze and understand the physical world due to
data generated. Thereupon, this data generated is shared using the IoT, allowing to
interconnect humans, production facilities, and products across the entire industrial
value chain. Therefore, several authors also refer to the Industrial IoT. CPS and the
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IoT foundations enable horizontal and vertical integration, i.e., across entire
industrial value chains, across the entire lifecycle of products, and across several
functional departments. Horizontal and vertical integration then allow multiple
potentials on an operational and strategic levels (Kagermann et al., 2013; Lasi et al.,
2014).

Ten years afterwards, the concept has gained broad international recognition in
research and practice, increasingly using its English spelling “Industry 4.0.” The
majority of research in the field of Industry 4.0 considers the technological enablers
of Industry 4.0 that, in addition to CPS and the IoT, often include artificial intel-
ligence, cloud computing and technologies for secure data transmission, tech-
nologies to interconnect humans and machines, or advanced manufacturing
technologies. The latter include, e.g., additive manufacturing technologies or
advanced robotics technologies such as collaborative robots. This resembles that
Industry 4.0 is often understood from the perspective of digital production, but less
from the perspective of digital, integrated supply chains, as intended by the original
concept of Kagermann et al. (2013). In response, this book aims to further inves-
tigate Industry 4.0 from the perspective of digital supply chains (Hofmann et al.,
2019), or extending this perspective, industrial ecosystems. These comprise, in
addition to supply chains, further stakeholders such as research institutions, or
political and social institutions (Benitez et al., 2020; Schmidt et al., 2020).

Also considerably less regarded in comparison to technological perspectives on
Industry 4.0, but growing rapidly, a research stream on the socioeconomic effects of
Industry 4.0 has emerged. Alongside analyzing performance effects on industrial
value creation or effects for ecology and society, new or changed business models
through Industry 4.0 receive increasing attention in Industry 4.0 research. Business
models comprise the logic on value proposition, value creation, and value capture,
i.e., the monetization of the value proposition. The potentials of innovative business
models go hand in hand with its technological enablers and even enhance them
(Müller et al., 2018; Voigt et al., 2017). In the context of Industry 4.0, digital and
data-driven business models enable several potentials (Paiola & Gebauer, 2020;
Sorescu, 2017). These become increasingly powerful if unfolded across the entire
supply chain, or even ecosystem (Frank et al., 2019; Müller et al., 2020).

In sum, this book aims to investigate the potentials of digital business models
when regarded from a supply chain, or even ecosystem perspective. Therefore, 15
contributions by practitioners and researchers across Europe share their insights and
lessons learned. The 15 contributions are again subdivided into six parts: (I) Digital
Supply Chain Management and Business Models, (II) Digital Business Models in
Manufacturing, (III) Digital Industrial Platforms, (IV) Industrial Data-driven
Business Models, (V) AI and Blockchain in Production and Supply Chain Man-
agement, and (VI) Lessons learned from European Ecosystems. Each of the six
parts include contributions from research and practice and will be introduced briefly
in the following.

The first part, Digital Supply Chain Management and Business Models, com-
prises insights into how Industry 4.0 affects supply chain management and what
potentials arise for digital business models. As mentioned above, the potentials of
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Industry 4.0 can be found especially when horizontal and vertical integration, i.e.,
across the entire value chain, is established. Likewise, data-driven business models
become especially powerful when data is shared, analyzed, and put to use across
entire supply chains.

The second part, Digital Business Models in Manufacturing, focuses on digital
or data-driven business models in manufacturing, but with a strong interconnection
to customers, suppliers, or partners in the supply chain. The examples described
refer to the potentials data has to generate new, digital or data-driven business
models, and provides both an overview as well as cases from industrial application
on the topic.

In the third part, Digital Industrial Platforms, the perspective of ecosystems is
extended towards digital platforms. Aiming to bring together many different actors
on a platform, both concepts of ecosystem and platform are partially interconnected,
as shown in these contributions.

In part four, Industrial Data-Driven Business Models are investigated in an
industrial context, highlighting potentials in industrial application and industrial
supply chains. A classification of data-driven business models is developed,
highlighting several types and forms in an industrial context. It is followed by an
application case for data-driven business models in an industrial supply chain.

Part five, AI and Blockchain in Production and Supply Chain Management,
gives detailed insights into how both technologies can be applied in production and
supply chain environments. AI and Blockchain both represent a set of technologies
with far-reaching implications by themselves. They can unfold further potentials in
the context of Industry 4.0 if used for horizontal and vertical integration, such as in
digital or data-driven business models.

In the sixth part, Lessons Learned from European Ecosystems, insights from
three European ecosystems are presented. The three contributions include the
Basque Country in Spain, Central Eastern Europe, illustrated by data from Slo-
vakia, Hungary, Romania, and Serbia, as well as from Krakow in Poland. These
three contributions present a broader perspective on relevant factors for Industry 4.0
implementation while focusing on respective manufacturing ecosystems.

We want to thank all authors once again for their valuable contributions to this
book. Further, we thank Springer for their support in publishing this book.

We wish all readers an insightful and pleasant reading!

Kai-Ingo Voigt
kai-ingo.voigt@fau.de

Julian M. Müller
julian.mueller@fh-kufstein.ac.at
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Digital Transformation of Logistics
and SCM: The Long Way
from Digitization to Digital Business
Models

Birgit von See, Beverly Grafe, Sebastian Lodemann,
and Wolfgang Kersten

Abstract

The need to digitally transform is omnipresent in almost every company.
Nevertheless, many companies are currently still failing to holistically apply the
implications of increasing digitalization to their business model. Thus, this paper
aims to analyze drivers, technological elements as well as the success of
companies on their way from digitization efforts to a digital business model. This
study utilizes a representative longitudinal online survey that covers key
stakeholders in logistics and SCM. Our findings show that on the way from
digitization (simply transferring analog processes to digital ones) to a digital
business model, companies perceive increased opportunities and reduced risks.
They expand their focus on cost reductions to new ways of increasing revenues.
Technological concepts that contribute to generate a digital twin of the material
flow, as well as the usage of platforms/IT services and forecasting methods, are
of essential and increasing importance. Companies in the early stages of their
way to a digital business model seem to misjudge the potential of concepts like
predictive analytics. We finally can show that it is worth taking the long way.
The further companies are on their path, the higher is their adaptability to key
trends. Our results contribute to the research on digital business models and
provide insights for practitioners on how to effectively tread the path to a digital
business model.
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1 Introduction

Owing to their multifunctional as well as inter-organizational character, digital
transformation is of particular relevance for the areas of logistics and supply chain
management (ten Hompel & Henke, 2017, p. 247). There is a big variety of
potential value-adding initiatives for digital supply chain management (SCM), such
as digital transport marketplaces, optimization and visibility data services, as well
as digitally supported fulfillment and warehouse service providers (Möller et al.,
2019, p. 12). In this context, digital transformation may improve efficiency in
operations, increase customer value as well as offer new ways of creating
data-based services and platform business models in logistics and SCM (Cichosz
et al., 2020, pp. 218-219). New technological concepts like blockchain, artificial
intelligence, big data analytics, cloud computing platforms, or IoT-sensor-driven
applications, which are currently often in trial phases, may pave the way for the
transparency in supply chains that has always been required and asked for, espe-
cially from a sustainability perspective (Ebinger & Omondi, 2020, p. 11).

Digitalization in logistics and SCM is not a new phenomenon but has experi-
enced a surge in awareness since the proclamation of Industry 4.0 in 2011 (von See,
2019, p. 20). The innovation shift is reflected in the growing number of startups in
SCM and logistics. Within the logistics sector, their growth in 2017 was over 30%
(Borreck et al., 2018, p. 13). The start-ups are mainly focusing on business models
such as online platforms, last-mile delivery concepts, transparency, and control of
supply chains (Borreck et al., 2018, p. 13; Göpfert & Seeßle, 2019, p. 263).

Since the Covid-19 pandemic at the latest, the need to further digitalize is
ubiquitous in almost every company. The crisis has given a boost to the digital
transformation in companies (Carroll & Conboy, 2020, p. 1; Dell Technologies,
2020, pp. 7–12; Falk et al., 2020, p. 2; Schroeder et al., 2021, p. 14). Concerning
established companies, the scope ranges from incremental process optimizations to
radical innovations of the entire business model (Leyh & Gäbel, 2017, pp. 36–37).
As already indicated in the title of this paper, it is a long way from individual
digitization to digital business models. Intending to provide companies with
guidelines on the long way from digitization to digital business models, we analyze
in the following paper how different actors in logistics and SCM (in the following
L&SCM) proceed and how successful they are in doing so. Our research questions
(RQs) are:

RQ 1 What drives companies in L&SCM on the path to a digital business model?
RQ 2 Which role do technological elements play in L&SCM for the path to a

digital business model?
RQ 3 How successful are the players along the path to a digital business model?

Before answering those research questions based on an online survey, we give a
brief introduction to the theoretical background.

4 B. von See et al.



2 Theoretical Background

In this paper, we discuss the path from digitization to digital business models in
L&SCM. For this reason, we will briefly present the theoretical foundations of
digital transformation and the central concepts of digital business models in the
following.

2.1 Digital Transformation in L&SCM

As already mentioned above, a digital transformation is of particular relevance for
logistics and SCM (ten Hompel & Henke, 2017, p. 247). From a unionist per-
spective (Larson, Poist & Halldórsson, 2007, pp. 3–5; Mentzer et al., 2001), SCM
can be seen as “the logical progression of developments in logistics management”
(Metz, 1998, p. 48). According to Mentzer et al. (2001), we define SCM as “the
systemic, strategic coordination of the traditional business functions and the tactics
across these business functions within a particular company and across businesses
within the supply chain, for the purposes of improving the long-term performance
of the individual companies and the supply chain as a whole” (Mentzer et al., 2001,
p. 18). In addition to the primarily unidirectional flow of materials in logistics, the
bidirectional flow of information is thus of central importance.

There are various terms, some of which are used inconsistently and mislead-
ingly: ‘digitization’, ‘digitalization’, ‘digital (business) transformation’, ‘digital
business model’, and ‘Industry 4.0’ are just a few of them. Based on a comparison
of different definitions by von See (2019, pp. 21–22), however, a clear distinction
can be made, which will serve as a basis for this paper and is summarized in Fig. 1.

Fig. 1 Systematization of central terms of the digital Transformation (extended representation
based on Kersten, von See & Indorf, 2018, p. 104 and von See, 2019, p. 24)

Digital Transformation of Logistics and SCM … 5



According to Brennen and Kreiss (2016), digitization can be defined “as the
material process of converting analog streams of information into digital bits”
(Brennen & Kreiss, 2016, p. 556). Digitalization, in contrast, is the “adoption or
increase in use of digital or computer technology by an organization, industry,
country, etc.” (Brennen & Kreiss, 2016, p. 556, based on Oxford English Dic-
tionary). When solely focusing on individual digitization actions, many companies
fail to fundamentally question those processes. Digitalization considers the aggre-
gate of multiple digitization efforts (Gobble, 2018, p. 56), leading to meta-structures
such as organizations being perceived ‘digital’ (which previously was a charac-
terization only assigned to products or processes). From the perspective of a cor-
porate context, digitalization thus involves the consideration of individual
framework conditions when implementing new digital technologies. Enabling
digital technologies discussed within this context are, for example, cloud com-
puting, big data analytics, and Internet of Things (Agrawal & Narain, 2018, p. 3;
Büyüközkan & Göçer, 2018, p. 166; Garay-Rondero et al., 2020, pp. 895–897).

Taking a holistic supply chain perspective, digital business transformation high-
lights the process of change (Bowersox et al., 2005, p. 22). Within this digital
transformation process, several authors point out the need to take a socio-technical
perspective (Brödner, 2018, p. 247; Dregger et al., 2016, p. 3; Kagermann, Wahlster,
& Helbig, 2013, p. 28) – a theory that originally emerged over 60 years ago and
further evolved interdisciplinarily (Davis et al., 2014, pp. 171–172). Adigital business
model builds the top of the ‘digitization pyramid’. It is the culmination of this process
and entails fundamental changes to businesses leading to digital business models
which cover a holistic perspective. It focuses on customer needs and digital value
creation (Berman, 2012 p. 18) and incorporates customers as well as partners digitally
(Galimova et al., 2019, pp. 2–3). A detailed description follows in the next section.

2.2 Digital Business Models in Logistics and SCM

Even though the term ‘business model’ has been discussed for many years (Kersten,
2018, p. 1289), a commonly accepted and widespread definition of the phrase is
still missing (Weking et al., 2020, p. 3). Nevertheless, there is a converging
understanding regarding the core elements that characterize business models (Foss
& Saebi, 2017, p. 201); Kersten, 2018, p. 1290: The design of the value creation
process, the value proposition as well as the mechanisms to capture value mark
central components of business models (Foss & Saebi, 2017, p. 202; Johnson et al.,
2008, pp. 52–53; Kersten, 2018, p. 1290; Teece, 2018, p. 40). In this paper,
business models are defined as “the architecture of the value creation process that
aims at generating benefits for customers and value-added partners and based on
that the model to achieve revenue” (Kersten, 2018, p. 1290). Business models can
therefore be understood as the interface between the corporate strategy and the
business processes (Guggenberger et al., 2020, p. 3; Kersten, 2018, p. 1291).

As business models consist of various components and elements, several tools for
describing and operationalizing business models have been developed so far (Möller

6 B. von See et al.



et al., 2019, p. 3). The most common concepts are represented by the Business
Model Canvas (Osterwalder & Pigneur, 2010) and the St. Gallen Business Model
Navigator (Gassmann, Frankenberger & Csik, 2014). According to Osterwalder and
Pigneur (2010), business models can be described with the help of nine building
blocks that touch upon customers, infrastructure, offer, and financial viability as the
four central elements of a business (Osterwalder & Pigneur, 2010, p. 15). Inspired by
a painter’s canvas, the nine blocks – customer segments, value propositions,
channels, customer relationships, revenue streams, key resources, key activities, key
partnerships, and cost structure – form the Business Model Canvas (Osterwalder &
Pigneur, 2010, pp. 43–44). As the sections on the canvas are addressed and filled in
several iterative steps, the Business Model Canvas allows developing as well as
frequently questioning business models (Kersten, 2018, p. 1293).

Compared to the Business Model Canvas, the St. Gallen Business Model Navi-
gator by Gassmann et al. (2014) appears to be less complex but offers a more focused
and holistic reflection of business models at the same time (Kersten, 2018, p. 1293).
To describe business models, Gassmann et al. (2014) propose four dimensions that
are presented in a ‘magic triangle’. The first dimension concentrates on the customer
and is related to the question “Who are our target customers?” (Gassmann et al.,
2014, p. 6). Second, the value proposition, which deals with the products and
services that are valuable for customers and the question of “What do we offer to
customers?” (Gassmann et al., 2014, p. 6) needs to be addressed. The question “How
do we produce our offerings?” (Gassmann et al., 2014, p. 6) is raised in the third
dimension and focuses on the value chain. Lastly, the fourth dimension describes the
profit mechanisms and “Why does the business model generate profit?” (Gassmann
et al., 2014, p. 7). As soon as a minimum of two of the four dimensions is subject to a
change, one can call it a business model innovation (Gassmann et al., 2014, pp. 6–8).

The innovation of business models does not only comprise the development of
completely new business models but also includes the incremental refinement of
existing businessmodels (Schallmo, 2013, p. 29). In light of the digital transformation
during the past years, business model innovation has primarily been driven by
advances in IT (Fichman et al., 2014, p. 335). Against this background, the innovation
of digital business models presents “a significantly newway of creating and capturing
business value that is embodied in or enabled by IT” (Fichman et al., 2014, p. 335),
meaning that if new digital technologies cause fundamental changes of the business, a
business model can be called digital (Veit et al., 2014, p. 48). Especially the logistics
sector will be shaped by technological developments triggering the digital transfor-
mation of business models (Möller et al., 2019, p. 1; Remane et al., 2017, p. 41).
“Effects on the corresponding supply chains are inevitable” (Pflaum et al., 2020,
p. 4504), which stresses the importance of adapting accompanying business models.

The concept of Osterwalder and Pigneur as well as the operationalization by
Gassmann et al. as global approaches (Kersten, 2018, p. 1298) form an essential
prerequisite that helps to innovate business models systematically (Kersten, 2018,
p. 1294). Based on this, several researchers have developed operationalizations to
describe business models in the framework of digitalization and to map accom-
panying changes. A selection of exemplary operationalizations is listed in Table 1.

Digital Transformation of Logistics and SCM … 7



To give an example, Weking et al. (2020) derive a taxonomy that enables to
describe, classify, and analyze Industry 4.0 business models (Weking et al., 2020).
The developed taxonomy comprises five meta-dimensions that address and com-
plement the dimensions of the St. Gallen Business Model Navigator (Weking et al.,
2020, p. 8). Moreover, the taxonomy facilitates the evaluation of the Industry 4.0
status of companies’ business models and shows opportunities for leveraging
Industry 4.0 (Weking et al., 2020, p. 1).

To face the challenges of digital transformation, business models must be
continuously benchmarked, put into question, and adapted to changes that emerge
from new technologies (Becker et al., 2020, p. 53). Operationalizations of business
models do not only pave the way for the digital transformation of business models
but also constitute a guideline for firms, which helps to innovate business models
toward digitalization. The current status of the digital transformation of business
models in companies, more specifically the extent to which questioned companies
have transformed their business models digitally, will be discussed in the following
analysis.

Table 1 Overview of exemplary operationalizations for digital business models

References Type of
Operationalization

Specification of
Operationalization

Data Basis/Data Source

Staub et al.
(2021)

Taxonomy based on
the St. Gallen
Business Model
Navigator

Digital business
models in general

Ten digital platform cases from
the real estate industry and
literature on digital platforms
and business ecosystems

Kifokeris
and Koch
(2020)

Business model
canvas

Logistics Observations, interviews,
participant mapping, and
photo-elicitation

Schlimbach
and Asghari
(2020)

Business model
canvas

Digital business
models in general

Online survey and 16
semi-structured expert
interviews

Weking
et al. (2020)

Taxonomy Industry 4.0 32 Industry 4.0 business model
innovation cases

Möller et al.
(2019)

Taxonomy Logistics Randomized samples from the
startup database AngelList

Bock and
Wiener
(2017)

Taxonomy Digital business
models in general

56 empirical and key
conceptual business model
studies that are digitally related

VDI/VDE
(2016)

Business model
canvas

Industry 4.0 Not specified

Alias et al.
(2015)

Business model
canvas

Logistics Expert interviews
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3 Research Methodology

The data was collected as part of a large-scale study on trends and strategies in
L&SCM in cooperation with the German Logistics Association (BVL). BVL is an
interest group for L&SCM with more than 10,000 members. Owing to its mem-
bership structure, BVL reflects a broad view of the considered core roles in supply
chains: manufacturing industry, logistics services, and retail. An online question-
naire was designed in 2016 based on an extensive mixed-methods approach in
which expert interviews served as the starting point (Kersten et al., 2017). To be
able to make statements that are as representative as possible, the questionnaire was
distributed via the network. Data were collected in two periods from mid-July to
mid-October 2016 and from the beginning of February to the beginning of March
2020. The first phase of the survey in 2016 was characterized by a period in which
many digitalization efforts were being pursued. The second survey period in 2020
extended immediately before or during the Covid-19 pandemic outbreak. This
circumstance must therefore be taken into account when discussing and reflecting
on the results.

In 2016, 331 responses were generated from German company representatives
compared to 276 in 2020. The respective breakdown of the samples can be seen in
Fig. 2. A large proportion of the respondents come from the manufacturing industry
(approx. 43% in both years) or logistics services (approx. 41% and 40%) and a
smaller proportion from the retail sector (approx. 15 and 17%). This distribution
corresponds to the membership structure of the BVL with a deviation of max. 5.3%
in each case (BVL, 2017, pp. 4–58, 2020, pp. 3–57) and can be regarded as
representative. Our breakdown into three different size classes is based on Grü-
ninger et al. (2013). Almost half of the respondents come from large companies and
approx. 30% and 20% from medium-sized to small companies, respectively.

To answer the research questions raised in Sect. 1, we use the following survey
questions: First, we classify the respondents into groups based on their assessment
of the progress of digital transformation in their business model. Second, we discuss

43.2
%

41.4 
%

15.4
%

43.5 
%

39.5 
%

17.0 
%

2016 2020

n=331 n=276

Small (< 250 employees)
Medium (250-3,000 employees)

Large (> 3,000 employees)

Economic Sector Company Size

20.8
%

32.3
%

46.8 
%

22.8 
%

30.4 
%

46.7 
%n=331 n=276

2016 2020

Manufacturing Industry
Logistics Services

Retail

Fig. 2 Demographics of the sample
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why the respondents transform their business model based on their opportunity and
risk as well as cost and revenue assessment. Third, a look into the assessment of
central technological concepts which are relevant for L&SCM gives us the
opportunity to discuss how respondents digitalize. Finally, we assess the respon-
dents’ success based on their ability to adapt to key trends. Descriptive evaluation is
carried out with the software IBM® SPSS® Statistics Version 23 and will be
presented in the following section.

4 Findings

For evaluation purposes, we divide our sample into four groups. These groups
represent different strategy types for digitally transforming companies’ business
models. Table 2 shows a description of the strategy types identified. Allocation of
participants to groups is based on respondents’ answers on the extent of their
company’s business model transformation.1

Figure 3 shows a breakdown of the groups. Comparing those groups, we can
first observe that from 2016 to 2020 the share of followers pursuing strategy type A
has decreased in favor of the other strategy types B, C, and D. This means that there
has been a shift toward an increasing digital business model transformation. Some
of the digital observers seem to have put forward first implementation actions,
digital adapters, and transformers have focused and expanded their previous
activities. Many companies seem to have successfully completed the first steps and
have been able to reap the first fruits of their digital business model transformation.

Nevertheless, the proportion of each strategy type is still nearly equally dis-
tributed – thus allowing a statistical comparative analysis. In the following, we first
analyze why companies in L&SCM digitally transform their business model. We
second focus on how (on a technological basis) they actually digitalize, and finally
third elaborate their success in doing so.

4.1 What Drives Companies in L&SCM on the Path
to a Digital Business Model?

The above observation of a shift toward the digital transformation of the entire
business model can be justified by the potential that companies increasingly see in
digital transformation. Figure 4 shows that regardless of the type of strategy pur-
sued, opportunities seen in digital transformation by the companies increased in

1Related questions were asked as follows: To what extent will the business model of your
company be digitally transformed? (I) We extend our offer by digital services in addition to our
current offerings. (II) We are extending our business model by a business division for digital
services and goods. (III) We are transforming our existing business model to a digital one. The
answers are based on a Likert-type scale: not planned, planned > 5 years, planned < 5 years,
already today to a minor extent, already today partially, already today to a broad extent.
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importance and risks decreased in importance from 2016 to 2020. While the
opportunities are rated as high to very high on average, the risks associated with
digital transformation are rated as medium on average. What is striking here is that
digital pioneers in particular rate the opportunities higher and the risks lower than
the other groups. This is certainly a potential explanation for the pioneer strategy
they are pursuing.

Digital transformation in L&SCM is often seen as a measure to cut costs and
make complexity manageable (Agrawal & Narain, 2018, p. 3; Kersten et al., 2017,
p. 19). In that vein, Osterwalder and Pigneur’s Business Model Canvas contrasts
the cost structure with the revenue sources. In the following, we focus on the
respondents’ assessment of the impact of digital transformation on their cost and
revenue situation.2 In general, the companies agree with the statement that digital
transformation enables a reduction in costs and an increase in revenue, irrespective
of the strategy pursued. While in 2016, the average level of agreement regarding the
revenue increase option was still higher (mean = 0.60) than the average level of
agreement regarding the cost reduction option (mean = 0.53), both have increased

Table 2 Strategy types identified for digitally transforming companies’ business models

# Strategy Type Companies that…

A Digital
Observers

… do not digitally transform their business model at all

B Digital
Adapters

… extend their offer by digital services and/or extend their business
model by a business division for digital services and products

C Digital
Transformers

… transform their existing business model to a digital one

D Digital
Pioneers

… have already completed a digital transformation of their business
model to a digital one
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Fig. 3 Longitudinal breakdown of the distribution of strategy types

2Questions: (i) The digital transformation allows our company to generate additional revenues.
(ii) The digital transformation allows our company additional cost reduction. Rated on a bipolar
likert-scale: strongly disagree, disagree, neither agree nor disagree, agree, strongly agree.
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in 2020 and have settled at an even level (mean = 0.76 both). This signals a focus
of our respondents on cost-cutting measures during the past 5 years. Figure 5 shows
a detailed breakdown of the group responses.

A comparison of the different strategy types revealed the following patterns in
2016: Digital pioneers saw a high degree of opportunities to reduce costs and
increase revenues. While digital transformers rather focused on revenue increases,
digital adapters prioritized the ability to reduce costs. Compared to the others,
digital observers agreed with the possibility of revenue increases or cost reductions
to an only proportionally smaller degree. Five years later, in 2020 we see a coa-
lescence of the groups in terms of their prioritization. Digital pioneers, transformers
as well as adapters rate the opportunities to achieve cost reductions and revenue
increases through digital transformation equally highly. Only the digital
observers rate the opportunities for revenue growth much lower. Thus, all three
different strategy types for digitally transforming companies’ business models

2016 2020

Opportunities

2016 2020

Risks

Digital Pioneers Digital Transformers Digital Adapters Digital Observers

very low (1)

low (2)

moderate (3)

high (4)

very high (5)
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Fig. 4 Longitudinal assessment of the opportunities and risks of digital transformation
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Fig. 5 Evaluation of the opportunity to reduce costs and increase revenues in the longitudinal
section of the strategy types
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(pioneers, transformers as well as adapters) have recognized the opportunity to not
only reduce their internal costs through a digital transformation but more impor-
tantly to achieve potential revenue increases and new revenue streams.

4.2 Which Role do Technological Elements Play in L&SCM
for the Path to a Digital Business Model?

Digital technologies are decisively shaping the digital transformation of the busi-
ness model. In a previous analysis, von See (2019, p. 107) clustered relevant
technological concepts to SCM technology groups, namely assistance systems,
automation, digital twin, forecasting tools, business management systems, plat-
forms, IT services, and customer interfaces, which will be used as a basis for our
further analysis. The following section analyzes the relevance of individual tech-
nologies for the respondents and the extent to which they have been implemented.
For the sake of clarity, the comparative analysis is based on two strategy types,
namely digital pioneers and digital observers.

Figure 6 provides an overview of the relevance and implementation status of the
technologies that enable digitization along with the material flow. When comparing
digital pioneers with observers, a clear difference emerges: Digital pioneers rate all
technologies as more relevant than digital observers. Thus, technologies are also
more common among the pioneers. In SCM, technologies that enable a digital twin
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of the material flow are considered particularly relevant: sensor technology, 2D
codes, and localization technologies. Automated guided vehicles that serve to
automate the flow of materials also occupy an accentuated position. Digital
observers, in particular, rate its relevance in 2020 much higher than in 2016. They
seem to have recognized their importance for a digital transformation of
the companies’ business model, even if they have not yet introduced them to the
same extent. Among the digital assistance systems, wearables are particularly
noteworthy. Based on the relevance rating, augmented reality on the other hand
does not seem to have achieved the desired success among the pioneers.

Technologies that support the flow of information are considered to be even
more important than the technology-based digitization of the material flow.
Figure 7 shows the relevance and implementation status of related technologies.
Again, digital pioneers rate those technologies as more relevant than the observers
and, accordingly, show a more advanced stage of implementation. Of utmost
importance and thus the highest degree of implementation are established business
management systems like warehouse management and enterprise resource planning
systems. Newer concepts such as platform as a service and digital marketplaces
have gained importance in recent years.

Against the background that the value proposition and customer relationship are
central building blocks of the business model, it is particularly striking that the
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technologies that map the customer interfaces are rated as declining in relevance
from 2016 to 2020. Especially digital pioneers seem to rather rely on, for example,
predictive analytics to create concepts of higher customer value. Surprisingly,
digital observers on the other hand estimate this technology to be of decreasing
importance in the last 5 years and seem to be in danger of misjudging its potential.

4.3 How Successful Are the Players Along the Path
to a Digital Business Model?

To evaluate the success of different strategies, we use the respondents’ perceived
ability to adapt to key trends from the field of SCM. Figure 8 provides a strategy
type-specific evaluation of six central trends from which several key insights can be
drawn:

First, the perceived relevance of trends has mostly increased or remained con-
stantly high from 2016 to 2020 in all groups analyzed, except for e-commerce
among the digital pioneers, demand fluctuations among digital adapters as well as
business analytics among digital transformers and digital observers.

Second, from 2016 to 2020, across all groups and trends – except for digital
observers’ adaptability to e-commerce – respondents’ perceived adaptability
decreased. This means that, from today’s perspective, respondents are less able to
deal with the trends despite their increasing relevance. This effect can possibly be
attributed to the fact that, when looking back, respondents have found that their
adaptability in the past was lower than originally assessed. But third, with the trends
of e-commerce, demand fluctuations, complexity, and transparency primarily
impacting the company from the outside, an ascending adaptability can be seen
from strategy type A to D. This leads to the conclusion that with an increasing
degree of digital transformation of the business model, an increasing adaptability to
key trends can be expected.

5 Conclusions

This paper aimed to analyze the long way from digitization to digital business
models, providing companies with guidelines on how to proceed in the future.
Based on a longitudinal online survey in 2016 and 2020 with 331 and 276 par-
ticipants, respectively, the following core findings related to the research questions
were obtained:

In general, we observed a shift toward an increasing digital business model
transformation during 2016 and 2020. Many companies seem to be on a good path
of this long way. Regardless of the type of strategy pursued, increasing opportu-
nities and decreasing risks seem to drive companies in L&SCM on the path to a
digital business model (RQ 1). Hereby the particularly high assessment of oppor-
tunities and low assessment of risks puts digital pioneers one step ahead in
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implementation. Furthermore, while digital observers tend to see only minor
potential in cost reductions through a digital transformation, companies that are
already on their path to a digital business model tend to be driven by both, cost
reductions as well as revenue increases. This indicates a holistic consideration of all
components of the business model (see Sect. 2.2).
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In addition to the customer perspective and thus the revenue sources, the core
resources of the digital business model should also be addressed. A variety of
technologies exist that come into play along the path toward a digital business
model in L&SCM (RQ 2). In terms of material flow, there is a particular focus on
technologies that create a digital twin of the physical flow of materials. Addition-
ally, automated guided vehicles and wearables are increasingly supporting
employees. Our comparison of different strategy types shows that digital pioneers
are clearly ahead of digital observers in the implementation of these technologies.
This is also true for technologies that support the flow of information in L&SCM.
Here, platform technologies/IT services, as well as forecasting tools, have recently
been in the focus of digital pioneers. Concerning companies that are taking their
first steps on the way to a digital business model, we observed the danger of
misjudging the potential of technologies, for example, predictive analytics. Espe-
cially in the early stages, companies, therefore, need to question the digitization of
their core resources and closely link it to potential revenue streams in their business
model. Our results finally clearly show that the further companies are on their way
from digitization to a digital business model, the better they are positioned to deal
with future requirements (RQ 3).

Despite it being a long way from individual digitization to digital business
models, it is a path certainly worth exploring. Hereby, companies have to bear
different things in mind: First, there is no one-size-fits-all approach. Diversity of
company backgrounds implies a variety of potential business model adaptations.
Second, there are different maturities and connected development processes. Thus,
it is initially worth exploring ‘digital add-ons’ before jumping into entirely digital
business models (Bouwman, Nikou & Reuver, 2019, p. 3). Third, of course, the
core business of the company must not be neglected despite the hype and potential
lure around ‘digital-first’ companies. Core competence remains a central element of
the business model which must not be sacrificed for the sake of digitalization.
A clear focus should lie on value addition.

It is one of the success factors of value-adding digital transformation initiatives
to find, through intellectual openness and conscious reflection, the right balance
between the limitations on the one hand and the potentials of digital innovations on
the other (Pearce & Pearce, 2020, p. 23). This is embodied by the ‘fast failure’
mentality which accepts failure in the knowledge of the big potential upsides of fast
progress regarding a company’s digital transformation (Neus et al., 2017, p. 35).
Trying out digital products or processes in this exploratory way is a sign of digital
maturity (Gudergan et al., 2019, p. 8). Following this approach, even though one
may not be sure of the eventual value-adding potential of an individual initiative,
still retaining a firm grasp of the underlying factors in the organization enable
competitiveness – that is the pinnacle of digitalization competence. Doing so will
take companies one step further on the way to the digital business model either way.

Our results must be considered in light of their limitations. In determining the
sample, a regional restriction was made to Germany. Consequently, it is not pos-
sible to transfer the findings to other regions without restrictions. For future
research, therefore, it makes sense to extend our investigation toward various other
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countries as well and to reveal commonalities and differences through comparative
analyses. The results are based on self-assessments by the companies on the basis of
selected Likert scales. Although the questions were formulated to the best of our
knowledge and belief, a bias in the answers cannot be ruled out because of this
design. Making digital transformation objectively and better measurable should be
the focus of further research. Our findings are based on descriptive evaluations.
Further statistical comparative analyses will help to better substantiate them.
Besides, we were only able to highlight technological aspects as support for the
path to the digital business model. As mentioned in Sect. 2.1 and 2.2, following a
socio-technical perspective as well as addressing all parts of a business model is
essential. Future research should therefore expand our analyses to include inves-
tigations considering employee, organizational as well as customer perspectives.

Despite the continued need for research, this paper made an important contri-
bution to research on digital business models. With the recommendations derived,
we were also able to give, in particular, those companies which are already on their
path to a digital business model implications for their further course of action.
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Development of a Trend Management
Process for Supply Chain Management
in the Context of Industry 4.0

Hendrik Birkel and Evi Hartmann

Abstract

Disruptive technologies in the context of Industry 4.0, such as the Internet of
Things, Big Data Analytics, smart devices, or Artificial Intelligence are
developing at a rapid pace with an increasing impact on global value creation.
Companies are facing major challenges in maintaining an overview of these
developments and linking them to other trends. Thus, the aim of this article is the
development of a comprehensive trend management process for the structured
collection and processing of Industry 4.0 trend information. The process is
divided into the steps identification, analysis and evaluation, processing, and
preparation and is supplemented by continuous monitoring and improvement
through knowledge management. Special attention is paid to the development of
Industry 4.0, which enables an automated collection of information through the
application of web and text mining, which can significantly improve the
preparation of information.

1 Introduction

Industry 4.0 tackles the management of today's complexity of global value chains,
rising customer demands, and increasingly faster product life cycles with the help of
technologies such as the Internet of Things, Big Data, Artificial Intelligence, or
Augmented Reality. The extensive potentials enabled through Industry 4.0 change
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the way how business is done, how companies interact, and how employees work
(Birkel & Müller, 2021).

However, the breadth of technologies and the high speed of their development
make it difficult for companies to maintain an overview. The challenges of
managing trends can be summed up in three central issues (Fichter & Kiehne,
2006):

• Increasing complexity of forecasting future emergence, change, and disruption
of trends.

• Lack of a foundation for early detection and forecasting requires
company-specific knowledge integration, networking, and anchoring of trend
research results within a company.

• Lack of recommendations and orientation for action as well as increasing
complexity of merging trend data and parameters obtained.

Therefore, there is a fundamental need for research to manage the increasing
complexity and to enable optimization potentials of new technologies for compa-
nies. To be able to recognize, analyze, and evaluate trends, a defined
company-specific trend management process is required. This necessitates the early
identification of current and emerging trends, the analysis, and evaluation as well as
the processing of these trend developments to use them as a foundation for further
innovation processes. The corresponding analysis and reaction are essential for the
innovation success of a company and result in the discipline of operational trend
management. Several approaches for trend management already exist in the liter-
ature, but the company-specific use of new types of tools and information sources
for the systematic identification and derivation of strategic follow-up activities have
been neglected. Therefore, the aim of this article is the conception of a methodology
for the systematic identification, evaluation, and processing of emerging trends,
especially in the context of Industry 4.0, which can be used as a foundation for
coordination and adjustments of the digitization strategy and respective business
models.

2 Theoretical Background

Trend management and the associated processes, such as trend analysis, do not
pursue the goal of predicting trends. Rather, it is about diagnosing trends and the
resulting activities. Thereby, a forecast can only be implemented by identifying
development and opportunity areas (Kaiser, 2012). A trend refers to a direction in
which a time series develops in a long-term and sustainable manner (Kaiser, 2012).
In this context, the society, culture, or industry in which the trend is occurring is
persistently influenced. Likewise, it can be an anomaly, in the sense of a deviation
from the norm, which becomes increasingly significant over a period of time
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(Raymond, 2014). Trends can be defined according to Müller-Stewens and Müller
(2010) with the help of three characteristics:

• Scope: Trends are generally events that have a high range and influence several
dimensions. They have an impact on ideals, lifestyles, and living conditions as
well as consumer behavior of different socio-cultural milieus.

• Time: Trends generally last for several years (apart from short-term consumer
and product trends as well as fashion trends). They are thus distinguished from
hypes, which usually generate a high level of attention in a short period but may
lose their impact and disappear in the longer run.

• Impact: Trends are highly stable on an ongoing basis and are, therefore, easy to
predict once they have been identified and evaluated. Through this characteristic,
they prove their strategic relevance for decisions about future actions.

Regarding their scope, trends can be divided into four categories: Metatrends,
Megatrends, Macrotrends, and Microtrends (see Fig. 1).

Metatrends

A metatrend is a bundle of trends whose scope is either more comprehensive than
that of a megatrend, or its reference is made to a complex, undifferentiated com-
bination of trends which does not relate to a specific object or scope (Köpernik,
2009). Metatrends are also considered as a disturbance of existing systems and thus
as the combination of a trend movement and the corresponding countermovement.
An example of this is glocalization, the trend towards globalization and the
simultaneous need for localness (Reich, 1998).

Fig. 1 Categorization of trends (own illustration based on Horx et al., 2007)
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Megatrends

Megatrends describe far-reaching trends with a lifespan of about 30–50 years that
cause holistic changes in society as well as on a technological and economic level.
They can be observed globally, but their influence varies. Megatrends serve as a
basis for strategic actions of a company, e.g., the orientation towards new products,
new markets, or the research and development of new technologies (Horx et al.,
2007). Examples include e-mobility, Artificial Intelligence, changes in the world of
work, or new energy resources.

Macrotrends

Macrotrends are the subdivision of megatrends and usually last for 5 to 10 years.
They have a direct impact on the company and require a strategic response from the
management level (Peloso, 2020). The attitude that the company takes with regard
to the macrotrend level determines its position in the competition, its future social
significance, and whether the company pursues a future-proof design of its pro-
cesses (Peloso, 2020). Macrotrends can be classified according to various dimen-
sions, such as political, economic, social, technological, legal, or environmental.
Examples comprise import tariffs in the context of political protectionism, the
sharing economy, changes in communication behavior, emissions control regula-
tions, or an increase in waste (Kalaitzi et al., 2021).

Microtrends

Microtrends are realizations of macrotrends, which thus have a verifying character
for megatrends and are located at the level below the macrotrends (Peloso, 2020).
Microtrends include technology trends, which include developments in the tech-
nological sector, and socio-cultural trends, which primarily affect consumption and
product goods (Peloso, 2020). Companies need to identify such trends at an early
stage and evaluate them. However, the successful application of new technologies,
which are outside the field of vision of companies, can disseminate rapidly and thus
have a decisive impact on a company's performance in the long run. Consumer
trends, product trends and fashion trends are short-term as well as marketing-driven
trends that usually exist for only one season or one year (Horx et al., 2007).

Trend Management

On a tactical level, trend management is used for strategic early recognition within
enterprises. In contrast to market and environment research, trend management is
rather qualitative and medium-term (Siebe & Fink, 2006). In contrast to trend
research, trend management is the holistic handling of trends as a process in a
company. It is subdivided into the steps identification, analysis, and evaluation as
well as processing and monitoring (Siebe & Fink, 2006). The goal of trend man-
agement is, therefore, the detection, conversion, and dissemination of relevant
information. Furthermore, the overall context has to be linked to support the
strategic (innovation) process. Depending on the object of investigation, the dis-
cipline of trend management uses various methods, such as online research and

26 H. Birkel and E. Hartmann



databases, Delphi studies, expert knowledge, patents, and scientific publications,
but also customer complaints and the venture capital market (Ena et al., 2016;
Maier et al., 2016). Especially tools such as text and web mining can be used to
automatically collect and process data from the Internet, as it became a hub for
discoveries and inventions (Johnson & Gupta, 2012). The analysis of trends results
in various follow-up activities where the generated and collected trend knowl-
edge is further processed.

3 Conceptualization of an In-Depth Trend Management
Process in the Context of Industry 4.0

3.1 Challenges

The increasing diversity of developments resulting from the digital transformation
is intensifying the complexity of supply chains (Birkel & Hartmann, 2019). Due to
the comprehensive nature of global value creation, it is extremely difficult to assess
future developments. Changes in trends, trend breaks, and the probability of
occurrence can significantly complicate its management (Ena et al., 2016). This
complexity is composed of the increasing number of trend signals and thus the
increase of possible relations among them as well as the degree of divergence
(Thede, 2014). One example in the technological context is the Internet of Things,
which collects data through a decentralized network of sensors, which are then
processed through Big Data Analytics and/or Artificial Intelligence to describe,
predict, and prescript future actions. Therefore, it is necessary to create an adequate
comparison level or to sharpen the focus of the observation.

The purpose of the following developed concept for a trend management process
is to reconcile a defined and structured approach while ensuring flexibility. For the
development, the essential components from Siebe and Fink (2006) are applied and
extended (see Fig. 2).

3.2 Trend Identification

Various sources can be used to identify trends for value creation in the context of
Industry 4.0. A general distinction can be made between internal and external
sources of information. Internal sources include, among others, the research and
development department, the sales, or the purchasing department of a company. In
turn, customers, universities, consultants, or even competitors can be used to collect
information from external sources. Furthermore, with regard to external sources, the
Internet offers a wide range of possibilities that can be implemented quickly and
cost-effectively. These include, for example, access to research and technology
portals, online business and trade journals, press releases, patent databases, and
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business databases (e.g., Industry 4.0 platform, Industrial Internet Consortium,
Made in China 2025, etc.).

Therefore, a four-step process is developed below as a foundation (see Fig. 3):

Fig. 2 Trend management process (own illustration adapted from Siebe & Fink, 2006)

Fig. 3 Process of trend identification (own illustration)
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Step 1—Information acquisition: First, the user of the trend identification process
must acquire sufficient information about the domain, e.g., through a literature
review, a desk research, or an automated approach through web and text mining.
This is necessary to contextualize topics and technical terms and to grasp
interrelationships.

Step 2—Qualitative scanning: The aim of this step is an initial derivation of pos-
sible trends from already known and frequently mentioned technologies. Therefore,
a fixed period must be defined for the (first) scanning (e.g., the last three months or
the last year). Qualitative and continuous scanning of additional information
sources helps to access additional sources and to develop a feeling for recurring
terms and technologies. At the same time, this enables the identification of trend
signals.

Step 3a—Semiological analysis: By analyzing and evaluating trend sources, fre-
quently recurring terms can be identified and collected. This form of quantitative
content analysis is considered the most widespread method for identifying indi-
cations of trends (Thede, 2014). This can be used to collect time-series data
regarding the frequency of mentioned terms and thus to identify emerging fields of
technology. For an expanded search, a collection of search terms, associated syn-
onyms, and translations can be defined, which can be incorporated into automated
search algorithms with web and text mining.

Step 3b—Find evidence: Further quantitative (and qualitative) evidence is sought
for the identified potential trends. For this purpose, statistical analyses similar to the
quantitative content analysis mentioned in step 3a can be continued. In addition,
databases (patents, publications, and press releases) can be analyzed based on their
metatags. The goal is to identify time series developments or further indicators that
confirm the hypothesis of the identified signals as a trend (Thede, 2014).

Evidence can also be found by using the tacit knowledge of employees. Thus,
based on the findings of the previous steps, the discovered trends can be scrutinized
and concretized within expert meetings (qualitative evidence). This ensures the
relevance of the trend for the own company, involves employees in the process, and
at the same time, enables feedback for the developers of the trend management.

Step 4—Market comparison: Based on the relevance check by the experts, a rough
assessment can be made whether further indications of individual trends should be
sought or whether individual trend developments can be neglected. For the
remaining trends, best practice examples or case studies have to be identified. With
increasing use in the industry, the user can optionally assess the maturity of the
technology. In this way, the trends can be further classified according to their
relevance for the user's own company as well as the industry in general.

Step 5—Naming and description: In the final step, the identified trends are named
to achieve consensus for the further processes. Based on criteria, the trends can then
be described and grouped into trend fields to provide employees in subsequent
process steps with the most important information on the respective trend.
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In Table 1, the identified trend fields for Industry 4.0 and exemplary trends are
shown.

3.3 Trend Analysis and Evaluation

Trend Analysis

Subsequently, the analysis of trends is necessary. The basic steps for the trend
analysis are in line with a scenario analysis and include the following:

1. collection of time-series data,
2. extrapolation of further developments,
3. estimation of the probability of occurrence, and
4. classification of an interpreted scenario in the trend evaluation.

In the course of estimating the probability of occurrence, knowledge experts are
required to assess the extent how future events will interrupt or redirect the
developments of a trend and when which degree of maturity can be expected. Even

Table 1 Industry 4.0 trend fields and exemplary trends

Industry 4.0 trend
fields

Exemplary trends

IT systems Digital platforms, cloud logistics, multipurpose networks, quantum
computing, edge computing, serverless computing

Data analytics Big Data Analytics, predictive and prescriptive analytics (logistics and
maintenance), data lakes, enterprise taxonomy and ontology
management

Smart sensors and
labels

Internet of Things, sensor technology in the supply chain, NFC, RFID,
smart dust, digital labeling

Smart assistants Driverless transport systems, drones, smart and collaborative robots,
autonomous vehicles, conversational user interfaces, virtual assistants,
smart workspaces

Communication
networks

5G, next-generation wireless, machine-to-machine communication

Expanded reality
and
wearables

Augmented and virtual reality, mixed reality, volumetric displays,
augmented data discovery, conversational AI platforms, exoskeleton

Decentralized
databases

Blockchain, Internet of Value

Artificial
Intelligence

Context-aware systems, deep reinforcement learning, cognitive
computing, artificial curiosity, neuromorphic hardware, cognitive expert
advisors

Digital twin Telematics, versatile mounting system

Additive
manufacturing

3D printing, 4D printing
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if this assessment is subjective, it enables an efficient and quick evaluation of the
identified trends.

Trend Evaluation

Trends can be individually evaluated for the company within the framework of a
utility value analysis. These evaluations can subsequently be displayed visually to
enable an efficient comparison. To be able to compare the trends with each other, it
is essential to define evaluation criteria that can be quantitatively determined as
precisely as possible or subjective assessments with a definite interpretation. For the
development of an evaluation model in trend management, important factors arise
from the literature, such as the relevance, strength and direction of the trend
influence, the probability of occurrence, and the time horizon (Schatzmann et al.,
2013).

Taking into account the categorization models from innovation and technology
management, which are already established in practice and literature (e.g., Gartner
Hype Cycle, the BCG matrix, or the technology portfolio by Pfeiffer), we devel-
oped a holistic portfolio for the evaluation of trends within a company. Our port-
folio considers existing competencies within the company as well as the likelihood
of occurrence/relevance for the company. The portfolio contains four fields, each of
which represents a recommendation for action (see Fig. 4):

Fig. 4 Trend portfolio for the assessment of trends (own illustration)
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• Select (low/low): For trends with low competency within the company but
simultaneously low relevance, a selective approach and a deeper analysis of the
trend and its impact are necessary.

• Observe (high/low): Trends in this area are characterized by a low probability of
occurrence but can be easily managed due to high competencies. These trends
should be closely reviewed with regard to their probability of occurrence and
relevance for the company. If the monitoring shows an intensification of this
trend, the company needs to shift the trend into the field Acting.

• Building up competence (low/high): Due to the high probability of occurrence of
those trends, competencies in this area need to be built up quickly.

• Acting (high/high): Trends in this field should be the focus of attention for
companies and respective technologies should be implemented.

Following the trend evaluation, a group of experts can agree on recommenda-
tions for actions based on the analysis and evaluation of the trends. This recom-
mendation is optionally incorporated into the subsequent preparation form.

3.4 Trend Processing and Continuous Monitoring

Following the analysis and evaluation of trends, the results are processed and
presented to enable the continuous generation of trend knowledge. Visualization is
crucial to ensure that the findings of the trend management process are commu-
nicated intuitively to internal and external stakeholders (e.g., cross-departmental
employees, customers, or suppliers) (Warschat, 2015). The content can only be
grasped quickly and processed logically if it is easy to understand but has also a
polarizing character (Thede, 2014). Especially for new technologies with a high
degree of abstraction, using examples as well as a recurring structure is crucial.
Trend monitoring incorporates the results of the previous steps and provides the
foundation that initiates a new start of the process. Monitoring examines various
factors and provides trend signals that are incorporated back into the trend man-
agement process.

3.5 Enhancement through Knowledge Management

For the continuous improvement of trend management, enrichment through con-
nected knowledge management is fundamental. This enables the storage of
knowledge, which contributes to its integration within a company. The aim is not
only to handle the output of the process but also to support trend management in its
individual phases. Consequently, data flow is crucial in all process steps. Within the
previous trend management process, key personnel holds implicit knowledge,
which is only revealed in the later stages (trend preparation, e.g., as a report). To
make this knowledge explicit, trend processing based on knowledge management
can be used. Therefore, a database structure is required that allows linking
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knowledge within a network (Bürgel, 1998), so that trend processing can serve as a
comprehensive knowledge platform. This can be achieved by a process-supporting
instance. In the context of knowledge management, a frequently pursued approach
is the use of ontologies and semantics, which can be also applied in trend research
and automated trend monitoring (Kim et al., 2017). Furthermore, utilizing so-called
“extreme tagging systems,” trend knowledge can be converted into a semantic
network. Depending on the process step, Boolean search queries, paths, and data for
regression analyses can subsequently be extracted based on the interconnections.

4 Summary and Implications

To meet today's challenges in the areas of production and logistics, an increasing
number of manufacturing companies are pursuing a digitization strategy. However,
many strategies lack a continuous management process for new trends and tech-
nologies, which are increasingly complex and at the same time volatile. Significant
assessment difficulties in trend research and thus also in the management of trends
result from the increasing complexity in three fields: (1) multi-layered business
models and a rising number of product derivatives and their relations (due to, e.g.,
global action), (2) a wide range of new technologies, which increases the com-
plexity of the solution approaches, and (3) the complexity on the level of the trends
themselves due to the high number of trend signals.

The developed process for a company’s trend management enables efficient and
targeted management of technology trends from identification, analysis, and
company-specific evaluation to knowledge integration and continuous monitoring.
Supported by this, operational decision-makers can pave the way for a subsequent
strategic innovation process. At the same time, it provides a concept for a tech-
nologically improved process that remains flexible and adaptable. The sub-process
of trend preparation is a key starting point for information technology support. The
interoperability of the data also benefits the other sub-processes, and trend man-
agement makes it possible to increase the overall efficiency. Expert assessment and
subjective evaluation remain an integral part of trend management, but
time-consuming steps such as information acquisition, information linkage, and
trend monitoring can easily be automated to manage the complexity more
effectively.
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Unlocking the Hidden, Data-Driven
Potential of the Supply Chain

Stefan Asenkerschbaumer

Abstract

Even though a digitalized supply chain can be a veritable driver of performance,
industry is still doing far too little to unlock the potential that is hidden in a
data-driven supply chain. Yet for any company that seizes this opportunity and
systematically exploits the wealth of supply-chain data, an enduring competitive
advantage beckons. The game-changer is an end-to-end supply chain, based on
standardization and data transparency, that permits largely automated,
AI-assisted, and highly efficient planning processes. In this respect, supply-
chain planning and production scheduling go hand in hand as building blocks of
the factory of the future, whose operations are digitalized and highly flexible.
There are four fundamental elements for achieving this:

• Leadership and associates—empowerment
• The design of end-to-end processes
• The use of digital interfaces to manage partners
• Data security

Combining cross-company and company-internal digitalization projects can play
a major part in making processes more robust, conserving resources, enhancing
flexibility, and making the supply chain future-proof.

S. Asenkerschbaumer (&)
Robert Bosch GmbH, Robert-Bosch-Platz 1, 70839 Gerlingen-Schillerhöhe, Germany
e-mail: Stefan.Asenkerschbaumer@de.bosch.com

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
K.-I. Voigt and J. M. Müller (eds.), Digital Business Models in Industrial Ecosystems,
Future of Business and Finance, https://doi.org/10.1007/978-3-030-82003-9_3

35

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82003-9_3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82003-9_3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82003-9_3&amp;domain=pdf
mailto:Stefan.Asenkerschbaumer@de.bosch.com
https://doi.org/10.1007/978-3-030-82003-9_3


1 Introduction

“Data is the new oil”—first used by The Economist in 2017, this sentence is now
more relevant than ever. Global data volumes are exploding: the International Data
Corporation estimates that it will increase from 45 zettabytes, or 45 billion ter-
abytes, in 2019 to 175 zettabytes in 2025 (Seagate, 2020).

Currently, users and companies have roughly an equal share in the production of
this data. Over the next two years, the volume of company-generated data is
expected to grow by more than 40% annually, and to make up as much as 80% of
total data volume by 2025. Much of this data will come from automated manu-
facturing and connectivity among companies.

Faced with these data streams, the 64,000-dollar question is how companies can
turn these huge data volumes to their advantage. Currently, just 32% of the data
available to companies is actually used—the remaining 68% is neglected (Seagate,
2020).

Clearly, therefore, the effective use of the growing volumes of data is a source of
huge potential. And in this respect, the supply chain has more opportunities to offer
than ever before.

1.1 The Digitalized Supply Chain as a Driver of Performance

Indeed, the supply chain has the potential to be a true driver of performance.
A landmark study suggests that companies that aggressively digitalize their supply
chains can expect to grow their EBIT by an average 3.2% annually (McKinsey,
2017).

Within a company’s organization, therefore, the supply chain is the area in
which digitalization can contribute most to EBIT growth.

In addition, the companies that follow this path can expect to increase their sales
revenue by 2.3% annually. This considerable potential also shows how
supply-chain digitalization can be much more than just a tool for driving down
logistics costs.

Artificial intelligence (AI) has a central role to play in preparing the ground for
this, but a Deloitte study shows that it is still in its infancy when it comes to the
supply chain (Deloitte, 2020).

1.2 The Objective of a Completely Digitalized,
Self-regulating Supply Chain

If we want a largely autonomous, connected, and cross-company supply chain, we
first of all have to completely digitalize it (Fig. 1).

Companies that are just starting to digitalize frequently complain about three
drawbacks of working with digital tools. First, the data is unstructured and kept in
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organizational silos, which prevents it from being shared across the company and
meaningfully interpreted. Second, there is no clear line of sight from supplier to
customer. And third, performance indicators are not available in real time, so that
the supply chain can only be managed reactively.

Currently, even companies with a high level of maturity as concerns their
supply-chain digitalization are still transitioning from using digital twins of their
business processes to semi-automatic management on the basis of alert signals.

The final goal is autonomous systems that use AI to manage and control the
supply chain, and to react to changes in real time. The companies in such a supply
chain are tightly interconnected, and can be managed from a single source (within
the bounds of the data sovereignty that has been agreed).

1.3 Companies are Still Insufficiently Prepared

Even though digitalization has accelerated considerably since the late 1990s, the
level of uptake in many companies is still very low. Studies show that it is above all
small and medium-sized enterprises (SMEs) that lack the digital basics (Hochschule
Coburg & TMG Consultants, 2017).

According to a survey conducted by Bosch in collaboration with the
Friedrich-Alexander University of Erlangen-Nuremberg (FAU), SMEs in particular
are hesitant when it comes to digitalization.

Frequently, this is due to shortcomings in the level of automation, in connected,
standardized value-creation processes, in the electronic exchange of data with
partners, and in the use of cloud-based collaboration platforms.

On top of this, 81% of these companies identify lack of expertise as the main
reason for not digitalizing their supply chains.

Companies that are insufficiently digitalized, and that lack even basic tools such
as electronic data interchange, will have to make a huge effort to stay competitive.

Fig. 1 Steps in the evolution of the supply chain
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The increasing globalization of supply chains, the customization and diversity of
products and services, and the expectation of ever-shorter reaction times call for a
targeted, cross-functional digitalization strategy.

2 Bosch’s Path to Digital Excellence—Also in the Supply
Chain

Bosch is successfully transforming itself into a leading company for the Internet of
Things (IoT) and mobility solutions. As a supplier of technology and services,
Bosch is accelerating the digitalization of its supply-chain processes in order to
secure the company’s strong development.

This will give it the basis it needs for supplying products and services that are
“Invented for life”—improving quality of life in a connected world and conserving
natural resources.

With a purchasing volume of 50% of total sales revenue and logistics costs
coming to another roughly 5% of sales revenue, the Bosch supply chain is an
increasingly digitalized global network of 800 warehouses, 280 plants, 30,000
suppliers, and 250,000 customers, as well as of several hundred million parts that
are procured by these plants every day.

The necessity of managing such networks digitally, and to include all partners is
also demonstrated by a recent survey by the German logistics association (BVL). It
lists the digitalization of business processes, transparent value creation, and above
all cross-company data exchange as the top trends in the industry (Bundesvere-
inigung Logistik, 2020).

2.1 Digital Interfaces with Suppliers

As early as 2000, Bosch joined with other companies to set up SupplyOn, one of
the first digital B2B platforms. The platform provides a basis for digital transac-
tions, and increasingly also collaboration, with the companies’ respective suppliers.

Today, more than 100,000 companies and their locations worldwide, from a
variety of industries, are linked in to the SupplyOn platform. They make use of the
modules it provides for transactions relating to procurement, logistics, quality, and
finance.

In the case of Bosch alone, some 85,000 suppliers’ and service providers’
locations and plants are part of SupplyOn, and exchange on average some 100,000
datasets with Bosch every working day.

For transactional platforms in the B2B sphere to be successful, it is essential that
data formats are standardized, and that interface design is user-friendly and open.
Increased efficiency as a result of improved processes has to be the prime objective,
and evident for all partners.

At Bosch, SupplyOn has allowed the following processes to be improved:
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• Inquiries and quotations
• Awarding contracts on the basis of electronic bidding
• E-procurement in the purchasing of indirect materials
• Electronic initial sample inspection reports, with interfaces to all common

measuring tools
• Transmission of delivery and call-off schedules, and vendor managed inventory
• Electronic invoicing and overview of invoice status
• Logistical solutions such as transport management systems, empties manage-

ment, and tracking and tracing applications
• Collaborative solutions in project management, change management, and

surveys.

2.2 Digitalization of Intralogistics

Taking its lead from the Toyota production system, Bosch has been systematically
digitalizing its in-house manufacturing operations for some 20 years now. It relies
here on its Bosch production system (BPS) and a number of supplementary digi-
talization initiatives.

As a leading user and provider of Industry 4.0 solutions for connected manu-
facturing, Bosch relies on electronically controlled manufacturing supermarkets and
on the employment of demand-driven milk runs and automated guided vehicles
(AGVs). The company also uses RFID and scanner technologies, and flexible tools
for production scheduling and management, various forms of which are running in
its plants.

Over the years, this has allowed Bosch to systematically reduce costs and
inventories and increase flexibility.

For example, automating incoming goods on the basis of an advanced shipping
notification (ASN) in combination with a unique ID (on a label or using RFID)
allowed the company to reduce operations in its German plants’ incoming goods
departments by one shift.

Moreover, the average return on investment (ROI) when using AGVs is
1.5 years. This efficiency potential means that the number of AGVs in use at Bosch
is expected to double in 2021 alone.

To ensure a perfect match when using digitalized logistics solutions, Bosch has a
“chapter book” that lists the digitalized solutions on offer in terms of benefit,
implementation effort, interfaces, and prerequisites (such as API).

Bosch plants can use an internal service to order these logistics solutions and the
necessary hardware. A corporate team of experts works with the plants to check
requirements and ensure the standardized deployment of the solutions.

For each use case, for example, a catalogue can be consulted that contains all
standardized AGVs with payloads between 200 and 5,000 kg. All of them can
communicate with the company’s ERP and MES systems.
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2.3 Digitalizing Interlogistics

In the case of deliveries that are managed via the Bosch transport management
center, the physical deliveries are mapped using a digital twin, the transport order
(TO). In combination with an EDI interface to the shipper, or via Bosch’s driver
app, this allows Bosch to trace the status of the consignment and expected time of
arrival on the company’s InTrack platform. The TO and confirmed receipt of the
goods serve as proof of delivery and trigger the automatic process of paying the
shipper.

To link deliveries with materials and asset tracking in interlogistics, Bosch has
developed a GPS-assisted transport data logger. This positioning sensor is used
both within the company and for external customers that use a variety of appli-
cations in rail and truck freight services.

As Bosch products become increasingly integrated in the Internet of Things, the
company will be able to seamlessly track its products and offer additional services.
The Bosch Power Tools division provides one example of this. Here, the division
applies the GS1 industry standard, in combination with a data matrix code (DMC),
to give its appliances and packaging digital twins.

2.4 Forecast—The Huge Challenge Digitalization Faces
in a VUCA World

One major focus for Bosch is to forecast customer call orders as precisely as
possible, and to plan on that basis. The high level of volatility in a global customer
and supplier structure presents considerable challenges to maintaining supply-chain
integrity.

Especially in the current situation, Bosch can clearly see bottlenecks—for
example, in the semiconductor industry—and dependencies—for example, on
monopolistic and oligopolistic structures such as those found in the chemicals
industry. On top of this, there are the challenges of profound technological change
and rapidly changing customer behavior. Meeting these challenges also requires
new forecasting models that take much more account of environment data,
dependencies, and disruptive technological developments than is the case today.

In this context, AI-based forecasting models will play an increasingly dominant
role: both in order to better reflect the increasing volatility and complexity of
demand, and to identify disruptions in the supply chain in advance. Disruptions in
globalized supply chains—whether because of Brexit, trade conflicts, or lockdowns
resulting from the Covid-19 pandemic—have led many companies to put their
supply chains on a more resilient footing.
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2.5 Data and Sustainability as Drivers of the Development
of the Digital Supply Chain

As the supply chain becomes digitalized, the traditional focal points of supply chain
management—quality, costs, and logistics—are being joined by a new factor: data.

On the one hand, the supply chain generates data—such as about the movement
of freight—to improve the accuracy of forecasting arrival times. On the other hand,
data from external providers, such as the risk profiles of suppliers, is systematically
adding to the data relevant for the supply chain. By analyzing this data, forecasts
and decisions can be made with a higher degree of accuracy. However, the data can
also be used to create new business models.

In addition, bought-in data about financial ratings and location risks (supple-
mented by the company’s own data on changes in quality and delivery perfor-
mance) allow Bosch to engage with suppliers early. In this way, solutions can be
found to prevent delivery bottlenecks and the need for support programs.

When combined with data-driven risk management and corporate social
responsibility (CSR) ratings (as a supplement to the conventional total cost of
ownership, or TCO), this information provides a sound basis for purchasing
decisions.

For Bosch, as one of the first industrial enterprises worldwide to have achieved
climate neutrality in 2020, sustainability is very important in this context. Given
that Bosch has set itself the target of a 15% reduction in emissions from upstream
and downstream value chains by 2030, suppliers’ ecological footprint and green-
house gas emissions will also be a criterion for awarding contracts.

2.6 The Bosch “LOG 2025” Strategy

As part of the Bosch “LOG 2025” strategy, logistics will use the systems archi-
tecture of a connected logistic platform that links SAP and non-SAP supply-chain
applications.

Through standardization and data transparency, Bosch will thus be gearing its
supply chain to AI-assisted planning processes and greater reaction speeds. Any
interventions will be alert-triggered only, and routine tasks will be automated.

Decision makers and logistics planners will in the future receive information via
dashboards that act as a “single source of truth,” providing an overview of all the
relevant data. Drill-down functions in the various applications acting in the back-
ground will allow planners to access all relevant information without delay. Taking
the need for agility into account, this potentially allows tasks to be consolidated
within the organization.

In its manufacturing operations, Bosch wants to extend use of its “PROCON”
planning tool, which is already in place in a number of plants. With the help of
PROCON, interactive monitors can be used to change local manufacturing
sequences. This information will be sent in real time to the warehouse, production
preparation, and other interfacing units.

Unlocking the Hidden, Data-Driven Potential of the Supply Chain 41



As digitalization progresses further, it will decisively enhance sustainability in
the supply chain by allowing improvements to be made jointly with the company’s
partners. In this way, it will help Bosch reach its climate and CSR targets (Fig. 2).

The supply chain is thus an integral part of Bosch’s digital “factory of the
future.” The company’s aim here is to achieve a perfect symbiosis of human skills,
IT, machinery, and robots.

Putting the company’s “LOG 2025” strategy into practice not only sets a high
bar for the transparency of the supply chain and the digital integration of its part-
ners, therefore. It also demands a lot of logistics associates’ digital and end-to-end
process competence. The task here is to prepare associates for their future functions
as data analysts and process optimizers.

3 The Enablers of Successfully Digitalizing the Supply
Chain

The “LOG 2025” strategy is based on four essential factors.

3.1 Leadership

Digitalizing the supply chain is a matter that concerns the entire company. Senior
management has to know what digitalization can and cannot do, and devote itself
fully to this challenge. It will only be possible to create a digitalization strategy that
is right for the company if executives are familiar with the capabilities of
supply-chain digitalization, and understand its benefits as well as its appropriate
use.

Fig. 2 Bosch connected logistics platform
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Here, it is essential that they understand key technologies such as cloud com-
puting, blockchain, and platform ecosystems, so that they can judge the effect they
will have on the company. Executives have to be able to present their digital
competence credibly to associates and external partners. This is crucial if they are to
come to a joint understanding of the opportunities offered by digitalization, and to
make a success of it in practice. As a supplier of technology and an aspiring AIoT
company, Bosch is preparing its executives and associates for this challenge by
offering customized training programs such as “Digitalization in a nutshell” as well
as mandatory seminars in AI.

One thing that is clear is that a silo mentality hampers digitalization. Catego-
rizing digitalization initiatives as “purchasing” or “logistics” projects means that
they are frequently not sufficiently supported by their respective opposite numbers.
If digital end-to-end processes are to be optimized effectively and rapidly, it is
essential that they have cross-functional objectives with clear and quantifiable KPIs.

In addition, the above-mentioned joint study by Bosch and FAU Nuremberg
showed that there are distinct regional differences. Executives in China, for
example, are significantly more open-minded about digitalization in their own
company, as well as about involving third parties such as customers, than their
European counterparts.

The willingness to make the necessary human and financial resources available
is also crucial. Many projects in the industrial sector, although they are carried out
enthusiastically, are not equipped with sufficient resources, and thus never get
beyond the pilot stage.

Furthermore, companies frequently focus on short-term ROI, which cannot do
justice to the strategic importance of digitalization.

Executives should see digitalization as an opportunity to be pursued over the
long term. At Bosch, this is ensured by means of what the company calls “enabling”
projects.

3.2 Design of Digital End-To-End Processes

Roughly 50% of the companies polled in the above-mentioned BVL survey said
they had no company-wide digitalization strategy. Another 50% said that while
digital projects were in the pipeline, only few had been put into practice (Bun-
desvereinigung Logistik, 2020). The survey also showed that those companies that
had made the most progress in digitalizing their supply chains proved to be more
resilient in the Covid-19 pandemic. And while companies appreciate the importance
of digitalization and IoT applications, there is a huge gap between theoretical
approval and practical implementation.

In 2016, when structuring its end-to-end processes, Bosch defined strategic
control points along the product life cycle, from start of design to end of life and
services, and formulated a digitalization strategy for each of these control points.
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The strategy encompasses all parts of the supply chain, from big data-assisted
supply chain network design for new products, which allows the most cost-effective
production location and logistics chain to be pinpointed, all the way through to
spare parts procurement in the aftermarket. The aim of these strategic control points
is to standardize processes as far as possible and to map physical processes with a
digital twin.

To ensure the success of its digitalization projects, Bosch relies on extensive
requirements engineering. This uses tools such as a matrix (“Zielkreuz”) to define
internal and external requirements, which then serves as the basis for project work.
Such a matrix also has to consider the respective data architecture within the
company.

Once this has been completed, existing processes are checked to see where they
need to be changed, and shaped, so that they fit the requirements of the planned
digitalization project and of the user interface. In doing so, end-to-end chains are
created in order to ensure data and process consistency. For example, unique IDs
are used to access order processes, incoming goods, the manufacturing supermar-
ket, and payment transactions.

This also means taking account of national laws, as they can hamper global
standardization in many areas and may require processes to be adapted to local
conditions. For example, self-billing, settlement via consignment warehouses, and
electronic bills of lading may not be permitted in every country, or only recordable
by means of special processes.

In light of geopolitical risks and shifts, moreover, regionalizing the supply chain
may make it more flexible and resilient, allow farther-reaching standardization, and
shorten response times.

The key condition of any digitalization strategy, and one that is often underes-
timated in practice, is the existence of a “single source of truth.” First of all, the
management of master data requires the deployment of resources, permanent
updates, user discipline at all times, and a robust IT with a clear-cut master data
structure. All partners should grant it the priority it deserves. Clear responsibility for
keeping data up to date is becoming a key factor for competitive success.

3.3 Using Digital Interfaces to Manage Partners

In cross-company digitalization projects, Bosch involves its partners as early as
possible in the design of interfaces and processes.

This is especially important in light of the outdated IT systems that can often be
encountered at many suppliers (especially the smaller ones). Such systems can only
be adapted with difficulty to new and future challenges.

At some SMEs, the standards that apply between large companies on the basis of
VDA recommendations or enhanced EDI notifications are only practicable with
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difficulty. In many cases, therefore, the highly integrated solutions that would be
ideal for optimum process design are an impractical way of achieving the best
possible consistency.

This is where the true potential of platform solutions such as SupplyOn is
unlocked. These solutions make it possible for SMEs to fulfill the requirements of
major Tier-1 suppliers and OEMs.

The focus here should always be on ensuring that all participants benefit. Cash
flow and financing requirements for transformation work in industries such as
automaking are just as important for suppliers as for their clients and customers. For
this reason, the burden of digitalization must not be disproportionately borne by just
one of the players. According to the Bosch/FAU Nuremberg study, consideration
should also be given to monetary and non-monetary incentives, as long as the end
result is process efficiency.

One further essential criterion here is rigid application of the agreed commu-
nication channel. Ideally speaking, the new process will be so stringent that it will
not be possible to bypass it. For many associates, this is a challenge. And not least,
it places considerable demands on leadership.

Depending on the scope, a digitalization project at Bosch can mean that thou-
sands, if not tens of thousands, of suppliers are affected by its rollout. Here as well,
the rollout effort and timescale are frequently underestimated. Expecting associates
to conduct a rollout on top of their everyday tasks generally makes no sense. For
this reason, the rollout should be done by dedicated teams with the requisite
expertise.

In addition, a concept should also be developed for integrating the “long tails,”
the large share of smaller suppliers. They may need additional expert support or a
simpler variant of the process. One example of this is the dispatch of invoices using
standard formats. If EDI is not possible, these can be read out at Bosch using OCR
(optical character recognition).

3.4 Data Security

The risk of data being misused, hacked, or passed on to third parties is still a cause
of widespread concern. In a survey of 1,100 companies by the German Economic
Institute (IW), roughly 82% cited data security as the factor inhibiting more data
exchange and data trade with third parties (Institut der deutschen Wirtschaft, 2019).

This is why Bosch places great importance on standardized and secure protocols
and the selection of certified platform providers. Above all, such providers give
SMEs the confidence they need to communicate via these channels.

Companies in particular are very wary of passing on to third parties potential
company value, proprietary know-how, or company information that could benefit
competitors.
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This is why it is important for Bosch not only to show companies how they can
benefit from digital exchange with Bosch, but also to use confidentiality agreements
to allay the concerns of companies supplying data.

4 Outlook

The future demands made of supply-chain legislation, end-to-end documentation of
carbon emissions, the circular economy, and traceability will require that the
players in the supply chain collaborate much more extensively with each other than
they do today.

Cloud platforms such as the European GAIA-X initiative can offer a solution
here, allowing all supply-chain partners to access a central data space. The keys to
acceptance and success are the interoperability of already existing solutions with
newly created platforms and block chains, data sovereignty, and standardized
interfaces.

Combining cross-company and company-internal digitalization projects will
play a major part in making processes more robust, conserving resources,
enhancing flexibility, and futureproofing the supply chain. Systematic exploitation
of the wealth of supply-chain data by means of analytics and AI will enduringly
strengthen the competitiveness of all the companies that seize this opportunity.
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Digitalization as an Enabler
of Subscription Business Models
in the Manufacturing Industry

Günther Schuh, Jana Frank, Lennard Holst, Daniela Müller,
Tobias Leiting, and Lukas Bruhns

Abstract

Subscription business models provide an important component for monetizing
the potential of Industrie 4.0. Subscription business is based on a long-term and
participative business relationship between customer and provider. However,
only digitalization offers the necessary framework conditions to realize the
characteristic recurring and performance-based billing, and to ensure the
necessary transparency about the usage phase of products as well as continuous
performance improvements in the customer process. Against this background,
companies must not only recognize the much-cited potential that lies in the total
dedication to the success of individual subscription customers. Rather, the
central obstacles must be addressed, examined, and subsequently overcome in a
targeted manner in order to successfully establish subscription business models
and place them on the market.

1 Digitalization Paves the Way for Subscription Business
Models

Digitalization is increasingly shaping our economy and society. In this world
shaped by digitalization, the classic supply orientation is turning into a demand
orientation that is largely driven by customer needs (Komor, 2019). In this context,
digitalization means the transformation of business models through the optimization
and increasing customer orientation of existing business processes with the help of
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the intensive use of information and communication technologies (Heinrich, 2020).
There is hardly a sector of the economy that is not affected by advancing digital-
ization (Bitkom, 2020).

In recent years, the traditional mechanical and plant engineering sector in par-
ticular, which is focused on products, has been attributed considerable economic
potential through digitalization. In 2014, for example, a survey of 235 industrial
companies revealed that these companies expect digitalized services for machines
and plants to increase sales by an average of 12.5% by 2020 alone (Koch et al.,
2014). A look at the current situation shows that Western European mechanical and
plant engineering companies generate only 0.7% of their total revenue from digital
business (Illner et al., 2020). The idea of using the potential of digitalization to
generate new sales through digital offerings thus falls far short of expectations. The
industry still predominantly sells products, machines and classic after-sales services
(Moser et al., 2019).

However, the traditional product business in particular has been weakening
increasingly in recent years, which is reflected, for example, in the lowest average
capacity utilization in the German mechanical engineering sector in the recent past
at 74% (Gushurst & Wolf, 2020). Companies in the sector are facing increasing
stagnation in the sale of new machinery and equipment as well as an increase in the
intensity of competition as products become increasingly interchangeable (Rieger &
Wagner, 2019). To counteract the stagnating new business, manufacturers are
making major investments in the development and implementation of product
innovations to increase the efficiency and service life of their products (Gotsch
et al., 2019).

However, the direct consequence of this is that customer demand can be met by
a smaller number of products or via fewer repeat purchases (Teusch et al., 2019).
As a result, demand for new products continues to fall. Although this phenomenon
of stagnating new business has been observed for some time, only a few manu-
facturers have so far developed effective countermeasures (Bardt et al., 2019). So
far, no real innovation or even transformation of the classic business models of
manufacturing companies is apparent (Hoffmann & Bijedic, 2018).

Digitalization offers the opportunity to monetize sustainable competitive
advantages by transforming the business model. It allows in-depth customer access
and cross-customer networking, which makes it possible to achieve ever better
quantitative mapping of customer relationships (Joecks-Laß & Hadwich, 2021).
This lays the foundation for far-reaching automation of processes and production
(Bouée & Schaible, 2015; Hermann, 2020). At the same time, a comprehensive
benchmark is formed by aggregating the data on the use of the respective services in
the utilization phase of all customers (Tzuo & Weisert, 2018). Based on this
comprehensive data pool, the performance of the individual customer can be
improved, for example, through the targeted parameter setting of the machines or
the prediction of failures (Kaufmann & Servatius, 2020). These new opportunities
for continuous learning and improvement must be translated into new business
models that focus on revenue and growth with existing customers (Gerl, 2020). The
goal of this type of business model is no longer to sell customers individual
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products or services. Rather, the goal is to offer them access to a constantly
improving service (Busam, 2020). If the customer receives this access in return for
regular payments, this is referred to as a subscription business model.

1.1 Subscription Business Models

The basic principle of industrial subscription business models, also known by
numerous synonyms such as pay-per-use and pay-per-outcome models (Stoppel &
Roth, 2017) or everything-as-a-service (Classen et al., 2019) as well as
equipment-as-a-service offerings (Stojkovski et al., 2021), consists of the contin-
uous provision of an agreed service by the provider in return for periodic payments
by the customer (Uuskoski et al., 2020). In contrast to traditional, transactional
product sales, the customer does not necessarily become the owner of the product
system complemented by software and services. Instead, the subscription customer
pays for the availability, usage, or outcome of a provided solution offering based on
performance-based pricing metrics (Stoppel, 2016). To do this, the provider must
build an ongoing, data-driven understanding of actual product usage and leverage
digital technologies to predict potential outages and improve performance (Schuh
et al., 2020). With an understanding of actual customer needs, subscription business
models also make a key contribution to conserving resources by reducing
over-engineering, i.e., keeping numerous functions ready “just in case they are
needed” (Hermann, 2020, S. XIX) and replacing them with individual software or
product releases, for example. This opens up opportunities for the provider to
respond to customer usage and to align the solution package with individual
demand by adapting it quickly. This helps to increase value creation on the cus-
tomer side and, at the same time, to increase the provider’s own economic success
via the performance-based pricing metric (see Fig. 1).

Provider

Value proposition
Individual customer success

Revenue mechanics
Recurring, performance-
based payments

Processes of machine manufacturers Processes of customers
data- and usage-based learning

quick adaption
data coupling

Customer

billing on the basis of 
the service provided

implementing releases 
in the product

recording individual 
usage based on data

understanding actual 
customer needs

Value chain
Digital, dynamic service 
offering

Customer:
Long-term partnerships

Development

Production

Service

Fig. 1 Industrial subscription business models are based on a close provider-customer
relationship (own illustration based on Harland, 2018)
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1.2 Characteristics of Subscription Business Models

In the following, the characteristics of subscription business models are described
based on the magic triangle (Schuh et al., 2020). The magic triangle describes the
functioning of a business model through the interaction of four elements. At the
center is the customer, who must be identified and whose wishes must be satisfied.
The next dimension is the “value proposition`̀ . In the magic triangle, this dimension
is identified by the key question “WHAT?”. The value proposition dimension
includes all the activities a company needs for delivering the value proposition to its
customers. The fourth element describes the revenue mechanics, i.e., how a
financial result is achieved in the business model (Gassmann & Frankenberger,
2016).

Element customer: Who are my subscription customers?

A subscription offer is generally only aimed at specific customer segments: in
mechanical and plant engineering, where high-priced assets are often integrated into
the customer’s production process, the focus is mostly on potential customers for
whom long-term success can be predicted from the use of the subscription service
(Schuh et al., 2020). The focus in a subscription is on a long-term, positive “lock-in
effect”, i.e., the customer does not want to terminate the subscription offer due to an
individual optimization of its performance—a win–win effect for all parties
(Eldridge, 2018).

Element value proposition: What benefits are offered to the customer with a
subscription business model?

Instead of the benefits from the purchase of products and services to be weighed up
by the customer in advance, the customer is offered the successful use of a solution
package in a subscription business model. This means that the customer is guar-
anteed individual success, e.g., maintaining or increasing a certain level of pro-
ductivity (Jussen, 2019). Whereas in the past the customer had to bear the risks of
failure or incorrect operation after purchase, in a subscription business model the
provider increasingly assumes the customer risks (Ebi et al., 2019).

Element value chain: How are solutions realized within the framework of a
subscription business model?

The assumption of customer risks is made possible by the intelligent networking of
products and the digitalization of customer contact points. With the help of the
Internet of Things, the provider gains data-based insights into actual product use by
the customer and can feed the knowledge gained directly back into its own pro-
cesses and products, as well as directly into customer processes via (software)
releases (Hermann, 2020). This optimizes the customer’s individual value creation
(Schuh et al., 2019). Since the provider is interested in the best possible,
long-lasting operation of the products and no longer in new business, both customer
and provider pursue the goal of the highest possible performance of the services in
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the customer process. This results in a resource-saving alignment of the target
systems of provider and customer (Classen et al., 2019).

Element revenue mechanics: How is revenue generated in a subscription
business model?

A solution package consisting of products, software, and services is integrated into
the customer’s production process. Customers are no longer billed for individual
products or services, but for a productive state in the customer’s process, for
example, on the basis of usage time or production results (Roth & Stoppel, 2014).
Starting from a basic fee that covers the basic risk of availability as well as the
services delivered by the provider, the customer only pays for what they actually
use. This enables an often beneficial shift from one-off investments to recurring
investments over the term of the investment (Sato & Nakashima, 2020).

2 Challenges for Providers of Subscription Business
Models

The characteristics of subscription business models focus on the alignment of
interests, long-term, participative economic success, and the associated win–
win situation for customer and provider (Deutscher, 2019). However, the devel-
opment and implementation of subscription business models is accompanied by key
challenges that companies must overcome in the course of a business model
transformation (Gudergan et al., 2021). Also based on the magic triangle, the
central challenges are illustrated in the four dimensions.

Element customer: How are needs identified early in the sales process?

The defined goal in the as-a-service business is to get to know the individual
customer and their needs in a way that was neither necessary nor desirable in
transactional sales (Hermann, 2020). Right at the beginning of the customer jour-
ney, in contrast to previous marketing measures, it must be clear how potential
customers can be identified and addressed (Binckebanck et al., 2020). In the fol-
lowing, sales is challenged to sell a continuous service, contrary to the previous
transactional sale of a physical product (Wölfle & Leimstoll, 2019). To do this,
sales must know the needs of individual customers in order to customize the service
(Jussen, 2019).

Element value proposition: How can the close, trust-based collaboration be
built?

From the value proposition of a subscription business model, the benefit to the
customer from such a permanent business relationship must be apparent at first
glance (Janzer, 2017). At the same time, initial trust in the provider is required,
because in the case of a subscription, the provider must continuously deliver against
the value proposition made (Sunyaev, 2020). The value for the customer is
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generated by a combination of various partial benefits, such as products, services,
software, and in some cases even consumer goods (Schuh et al., 2020). This
increases the complexity of the service internally on the provider side, while it must
be reduced for the customer as part of the value proposition. The assumption of
customer risks also increases dependency on the actual performance of the customer
(Roth & Stoppel, 2014). The inclusion of physical assets, some of which are
capital-intensive, in the subscription offering thus causes a shift in the distribution
of risk toward the plant manufacturer.

Element value chain: How can the tension of service delivery be resolved?

In the meantime, further challenges arise in relation to the value chain, such as the
reliability of the data-based coupling between the customer and provider processes
(Joecks-Laß & Hadwich, 2021). Furthermore, especially in mechanical and plant
engineering, there is no subscription without efficient technical service because a
subscription business model only generates revenue if the customer can use a
machine or plant at any time (Schuh et al., 2019). It is therefore essential to reduce
downtimes and failures to a minimum. This is a particular challenge for companies
whose plants are distributed around the world or to which they do not have access at
all times. In this respect, providers are faced with the conflicting demands of
providing high-quality service and keeping service costs as low as possible to keep
the model viable. This is because the service is usually no longer paid for directly
but is integrated into the subscription price (Glaser-Gallion, 2013). Component
suppliers in particular do not see themselves in a position to set up such an inno-
vative business model because of their “distance” from the end customer and their
limited share of the customer’s value chain (Staegemann et al., 2020).

Element revenue mechanics: How are the different and complex price factors
weighted?

To achieve a win–win situation between customer and provider over time, it is
necessary to link the revenue mechanics more closely to the service provided to
the customer and the benefits it creates (Deutscher, 2019). This balanced pricing is
individual and very demanding due to numerous variables, such as the time of use
or the production result (Stoppel & Roth, 2017). The service is no longer billed as a
one-time financial transaction, but as a recurring payment over the time of the
subscription transaction (Jussen, 2019). However, many existing billing systems are
not yet geared to these continuously billable services. When we talk about providers
of high-priced machinery and plants, the first issue that usually comes up is that of
financing. This is because a shift from one-off transactions to recurring, smaller
payments results in an extensive delay in terms of operating cash flow (Huntley,
2018). Many companies shy away from taking this financing risk (Faß, 2019).
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3 Success Factors for Subscription Business Models

According to Eisenhardt, conducting case studies is a suitable approach for
developing an understanding of issues arising in practice in the subscription busi-
ness, and formulating success factors (Eisenhardt, 1989; Eisenhardt & Graebner,
2007). It helps to discover underlying mechanisms and principles and thus to
formulate new hypotheses. Moreover, case study research ensures that the results
obtained are closely related to the practical reality of a company that is in the
process of implementing subscription business models. In selecting the case studies,
manufacturing companies of different sizes and purposes were included in order to
obtain a diversified and holistic result. To select suitable case studies, an interna-
tional questionnaire study was first conducted with 100 companies to identify
particularly successful companies in the subscription business. Case studies were
then prepared from the top 25 performers in the study using a semi-structured
interview, on the basis of which overarching success factors could be identified. As
a result of the case-based approach, six principles for a successful implementation
of subscription business models in the manufacturing industry could be derived.
These six principles can be assigned to the dimensions of the magic triangle.

Element customer: Know your customer!

A look at the creation of the 2013 Netflix series “House of Cards” shows what
aligning movie content with actual customer interest can look like: By analyzing the
usage data of its 30 million streaming customers at the time, Netflix knew that
movies with director David Fincher are rarely canceled, that actor Kevin Spacey is
considered a crowd favorite, and that an English political show generates particular
interest among Netflix customers. In short, the US series was created on the
drawing board and became a global success (Ströbele, 2019).

At this point, one may ask how well manufacturing companies actually know
their customers and how they can react quickly and efficiently to latent changes in
needs. In the subscription business, knowledge of individual, changing customer
needs is a crucial success criterion (Moring & Deurloo, 2018). In the first instance,
it is a matter of understanding the customer’s business model and assessing their
current business situation. Only those customers who also signal the potential for
growth, increased performance and long-term partnerships are of interest to the
provider. Because only if the customer really uses the offer consistently and derives
a benefit for himself from it, does the pay-per-use/pay-per-part metrics inversely
increase the profit for the provider (Classen et al., 2019; Stojkovski et al., 2021).
Otherwise, contracts will be terminated, because this flexibility is one of the original
reasons why customers decide to buy a subscription (Stoppel & Roth, 2017).

Companies that know their customers well use customer data from all phases of
the customer lifecycle to align the entire process from product development to
training for product users with customer needs (Schuh et al., 2020). Inventory
changes in the provision of consumables are analyzed in some cases, as are pro-
duction times, downtimes and fault messages from machines and plants (Picot et al.,
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2018). In addition, the scope of technical functions used on the machine or software
functions in the software solutions (customer portals and assistance systems, etc.)
can provide information about the “state of health” of a customer (Engel & Hähnel,
2020). At the same time, according to an internal consortium study, over 80% of
successful companies are able to combine the data from the various sources into
meaningful and value-creating customer insights, both systemically and organiza-
tionally (Paproth & Leiting, 2020).

A case study from B2C for the professionalization of customer insight
management is the company Vorwerk. With the Cookidoo platform, the
company adds a digital customer interface to the best-selling Thermomix. Via
recommender functions based on the cooked products, the platform offers
customers additional creative cooking ideas, similar to the suggestion of new
playlists and songs on Spotify. The usage behavior on the platform and the
cooked products of the customers are correlated with each other via a
self-learning algorithm. As a result, suggestions are consistently provided
digitally. The platform is billed based on a subscription model. In this case,
complete integration in the sense of the subscription logic presented, i.e., the
merging of product, service, and software, has not yet been implemented due
to the high margins of the core product.

Element customer: Customer success management for the subscription
relationship

The customer is the center of attention and thus in the way. This motto applies in
many manufacturing companies that propagate customer centricity to the outside
world but criminally neglect existing customer management on the inside (Ziegler,
2017). In traditional product sales, this can go well for a while. In the subscription
business, on the other hand, the customer must be nurtured as a strategic asset,
cared for like a tender little plant, and supported as it grows, because the following
applies here: customer success = supplier success (Schuh et al., 2019). This fact is
one of the most formative changes from product to subscription provider. Only if
the customer achieves its business goals, i.e., is successful in its target system and
according to its target metrics (quality increased, productivity increased, costs
reduced, etc.), only then can the provider generate long-term profits and grow
together with the customers (Schuh et al., 2019). The revenue mechanics of
recurring, performance-based payments are responsible for this dependency. In the
revenue mechanics already shown, such as pay-per-use or pay-per-outcome, the
provider assumes numerous risks from the customer. The provider interest increases
to reduce risks such as process, quality, and productivity risks in the customer
process through differentiated existing customer management (Ebi et al., 2019).
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The good you do to others, you always do to yourself. —Leo Tolstoi

Customer success management (CSM) is the central organizational concept for
these tasks and has been an indispensable part of the SaaS world for several years
(Hochstein et al., 2020): “We now have more customer success managers than sales
people,” reports a marketing manager of a large cloud provider of customer rela-
tionship management (CRM) systems. “Sales has a natural limit, while expansion
and growth with existing customers seems almost endless,” says the product
manager for cloud-based condition monitoring solutions at a leading manufacturer
of rolling bearings.

63 %
of successful subscription providers use
CRM systems to manage subscription 

contracts

The CSM is now entering the manufacturing industry and acts between the
established functions of sales and service (Ulaga et al., 2020). It takes on tasks for
which these roles have not previously been incentivized: the realization of the
successful use of the subscription offer (Ulaga et al., 2020). At its core is the
definition of a so-called customer health score, which carries out a continuous,
data-based evaluation of defined success criteria such as target achievement,
functional scope used, payment behavior, and so on (Hilton et al., 2020). This is the
only way to enable the CSM to initiate proactive measures and make recommen-
dations to customers, e.g., in so-called monthly or quarterly business reviews with
all parties involved on the customer side (operators, internal maintenance, IT
experts, buying center managers, etc.), to increase success with the subscription
solution. In the long term, this reduces customer churn and increases usage intensity
(Mehta & Steinman, 2016). As a result, the value received by the customer is
successively increased over the period of the business relationship (Schuh et al.,
2020).

Two important findings in conclusion:

1. Customer success does not equal customer satisfaction. Customer satisfaction is
a feeling, a subjective evaluation by people on the customer side. Customer
success is quantitative, measurable and linked to the specific achievement of the
customer’s business objectives (Hochstein et al., 2020).

2. CSM activities should be differentiated: So-called high-touch customers (high
sales volume or low adaptation rates) receive short-cycle personal support, while
low-touch customers (low sales or high adaptation rates) are provided with
process improvement information relevant to them in an automated manner,
similar to marketing automation (Jacobs, 2020). Basically, the CSM should be
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free of charge or priced into the subscription fee so that the customer has no
inhibitions to interact with the CSM, to open up and to solve challenges
together.

In the software-as-a-service world, the role of the customer success manager
is more in demand than ever. A leading CRM cloud provider relies on dif-
ferentiated customer success management to guarantee customers an optimal
customer success experience depending on their usage performance. If
functions of the software are not used, the customer access manager can react
immediately and proactively before the unpopular “churn” occurs.

Manufacturing companies such as Heidelberger Druckmaschinen have
also recognized that there are gaps in customer support in the subscription
business from sales and service alone. To ensure consistency and continuous
performance tracking, a customer success management role was created. This
role proactively addresses customer usage patterns, jointly discusses goals
and roadmaps with customers, and explains new features, such as in software,
as needed (Schmedding, 2019).

Element value proposition: First standardize, then individualize

Apple is often praised for its ability to innovate, but it is notwidely known that, that the
iPhone was inferior to comparable cell phones in almost all technical categories when
it was launched in 2007 (Skibicki, 2020). Nevertheless, the iPhone also made Apple
the most valuable company in the world. The recipe for success is simplicity and a
focus on a few exceptionally good products (Raitner, 2019). When Steve Jobs set this
course for Apple in 1997, the company was on the verge of insolvency and had over
100 different product variants on offer for every conceivable customer requirement
(Otto et al., 2019). These were simplified to such an extent that in 2007 there were
about 10 products left in the portfolio. Customization no longer takes place via the
hardware, but rather via the software (Mohr, 2020). As a result, the cell phone does not
simply remain a product, but becomes a platform that simplifies users’ everyday lives
with the help of an individually configured selection of digital apps (Otto et al., 2019).

The transfer to the much more complex manufacturing industry is not entirely
straightforward. The manufacturing industry is characterized by much more com-
plex offerings, consisting of hardware, services and software, and by lower unit
volumes than the IT sector (Leimeister, 2020). Many solutions are cost-intensive
and developed individually for one or a few customers. Nevertheless, the opti-
mization goal here as well is to offer all customers a solution that is as cost-efficient
and customized as possible (Leimeister, 2020). Modularization and digitalization in
the subscription business offer potential, so that a high degree of individualization
of the solution and the associated high added value do not have to be at odds with
cost efficiency (Schuh & Riesener, 2018).
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of successful subscription companies rely on 
modularization of services for individual 

customer segments
52 %

A success principle of successful subscription providers from the manufacturing
industry is therefore “standardize first and then individualize over time through
software” (Paproth & Leiting, 2020). Hardware provides the basis for long-term
customer loyalty and creates a lock-in effect for the subscription business (Schuh
et al., 2020). It provides a standardized platform for offering the subscription. Based
on this, the offer is tailored to the customer’s individual requirements over time with
the help of services and digital solutions (Schuh et al., 2020). Successful sub-
scription providers carry out end-to-end evaluations and adaptations of individual
services for the customer twice as often as less successful providers (Paproth &
Leiting, 2020).

One example of the successful implementation of this principle of stan-
dardization and individualization from the machine and plant engineering
sector is TruConnect from the TRUMPF Group. The company has developed
various components for its Smart Factory product in the categories of hard-
ware, software, and classic services. These components allow modular
adaptation to individual customer needs. Standardized machines or even
entire manufacturing cells serve as hardware components. Building on this,
six software components are offered to support and optimize the customer’s
operational work. These are supplemented by classic services such as training
or implementation support. This modularity enables the customer to be
provided with an individual service package (TRUMPF, 2020).

Element value chain: Cooperation in business ecosystems

As part of the evolution of the company’s own business model, it is becoming
increasingly crucial to enter into associations in the form of an ecosystem in which
different players in a value network work together with the aim of boosting per-
formance or realizing new business models (Dremel & Herterich, 2016).
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of successful subscription companies bundle their 
ecosystem's services into a single value 

proposition for customers

60% 

Today, well-developed specialist knowledge is worth a great deal. A wide range
of skills and experience is needed to develop and implement new business models
such as subscriptions on this basis (Schedler & Bolz, 2020). But today it is no
longer necessary to acquire new skills and combine them in one company. After all,
building up new competencies is often a lengthy process with high demands on
capital and personnel (Farhadi, 2019). It is much more efficient to collaborate with
other players who locate their expertise in the relevant areas needed. By joining
forces, companies can grow faster because they can draw on the resources of
partners (Farhadi, 2019). By aggregating resources and competencies, each com-
pany can add value to its own expertise through subscription offerings, and the
customer is provided with a total solution (Farhadi, 2019).

For component manufacturers in particular, integration into a value-creating
ecosystem has the advantage of reducing risk. Since ownership of components that
have been permanently installed in a plant and are critical to its function is trans-
ferred by law to the plant owner, the provider cannot demand the return of the
installed component, even though it has not been paid off, in the event of termi-
nation of the contract. As part of a business ecosystem, this risk can be mitigated
(Krug, 2009).

As part of this, diverse, new ecosystems are developing in practice with players
who assume the provider’s financing risk. Intermediaries and insurers are visibly
entering the market to build the financial bridges and reduce risks of non-payment
by unproductive or insolvent customers (Demont & Paulus-Rohmer, 2016). It is
important to note: Subscription business is much more than classic leasing! Leasing
is exclusively about the financial allocation of a one-time price to periods and
residual value calculations (Stanula et al., 2020). Subscription business is essen-
tially about performance for the customer. Machinery and plant, consumables,
software, service, and ultimately forms of financing are merely means to an end
(Schuh et al., 2020).
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An increased margin by building a business ecosystem and integrating the
customer into the company’s processes: Heidelberger Druckmaschinen AG
has achieved this. A great deal of expertise is required to operate a printing
press, both in terms of maintenance and in terms of setting up and operating
the press and selecting consumables. This allows customers to concentrate on
their core business again. The presses are intelligent and networked. Hei-
delberger has access to the usage data and can also intervene in the processes
by controlling the press itself. This means that the presses are used in the best
possible way and receive optimum maintenance, which helps to avoid
unscheduled service calls. By including the manufacturers of consumables in
the ecosystem, Heidelberger can realize volume discounts as a central partner
and thus generate additional margins (Hermann, 2020).

Element value chain: Efficiency and optimal integration

“Every service call burns our margin. Without maximum service efficiency through
predictive maintenance and remote technologies, no subscription model will pay off
in the long run.” A statement many of you have probably heard while developing a
subscription business model. An unscheduled service call on the customer’s
machine suddenly no longer brings in additional revenue but only incurs costs.
A paradigm shift in the process of work delivery is therefore necessary. To increase
efficiency, subscriptions in particular offer the practical opportunity to extend one’s
own company boundaries to the surrounding value network as well as to the cus-
tomer (Kreutzer, 2016).

Optimal integration of the customer into own processes can create a common,
efficient system with smooth communication and end-to-end data exchange (Bouée
& Schaible, 2015). 60% of successful subscription providers therefore integrate
their solution into the customer’s value chain via multiple interfaces (Paproth &
Leiting, 2020). For customer and provider processes to be intertwined in this way,
the customer must be equipped with intelligent networked systems and enable the
provider to intervene in usage processes and access usage data (Joecks-Laß &
Hadwich, 2021). These processes require a stable basis of trust between customer
and provider (Demont & Paulus-Rohmer, 2016). Accordingly, integrating the
customer into your own corporate sphere requires intensive cultivation of the
customer relationship by sales and product management. Particularly through
subscriptions, with appropriate design, a stronger bond between customer and
provider can be achieved through a comprehensive alignment of interests (Schuh
et al., 2019). The service is no longer aimed at maximizing the customer’s liquidity
and willingness to pay, but at providing the service promised to the customer with
the highest quality at lower cost (Schuh et al., 2020).
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of successful subscription companies use cloud 
services for better connectivity69 %

The alignment of interests can be strengthened by the risk assumption and design
already described. This also includes the design of an appropriate connectivity
concept to enable a high level of service without the physical presence of the
provider (Herterich et al., 2016). Particularly in the case of globally deployed
plants, there is the challenge of limited or protracted accessibility (Dispan &
Schwarz-Kocher, 2018). This requires not only a dense network of trained service
technicians; rather, digital technologies (e.g., condition and predictive monitoring)
must be used and customer contact points (e.g., by means of AR or service plat-
forms) must be consistently digitized (Appelfeller & Feldmann, 2018). Self-help
must also be provided as part of this.

A first level of integration and efficiency is already being implemented by many
companies through predictive maintenance and condition monitoring with a high
level of connectivity and an end-to-end data flow (Appelfeller & Feldmann, 2018).
This is because the optimal time for appropriate maintenance measures can be
determined on the basis of a data-based determination of the condition of the plants
or components (Appelfeller & Feldmann, 2018). This leads to the greatest possible
utilization of related resources and thus to high efficiency. In the process, the
company boundaries are extended to include the customer and their machine as well
as potential service providers and spare parts suppliers (Kreutzer, 2016).

The Dieffenbacher company sells wood processing plants all over the world.
Despite a worldwide service network, service calls can be expensive and
involve long travel times, depending on the location. The plants are crucial
for the customer’s productivity, which is why it is particularly important to
achieve the highest possible availability and thus keep downtime and costs as
low as possible. A remote service solution with condition monitoring and a
ticket system with seamless integration of the customer’s employees enables
a large number of malfunctions to be resolved remotely. The system enables
direct communication between Dieffenbacher and the user on site. Any lan-
guage barriers are overcome by implemented translation software. As a result,
Dieffenbacher can solve more than 9 out of 10 inquiries remotely, reduce
downtime and save travel costs (Dieffenbacher, 2020).

Element revenue mechanics: Risk-taking as a baseline

“If the user is having a problem, it’s our problem” (Carla, 2019). As Steve Jobs
recognized early on, customer problems in a customer-centric business model are
also the provider’s problems (Carla, 2019). Through offering a solution in the form
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of a subscription, there is a shift in the distribution of risk (Lenart & Horst, 2019).
In particular, this assumption of risk establishes the value proposition of the service
for the customer (Ebi et al., 2019).

63 %
of successful subscription providers manage 
and monitor the risks they take with their 

subscription model.

The risks assumed depend on the maturity of the subscription business model (see
Fig. 2). According to Roth and Stoppel, this already starts from an
availability-oriented maturity (Roth & Stoppel, 2014). In this case, the equipment
manufacturer assumes the risk of plant availability. The manufacturer must maintain
this at least at the agreed level through appropriate service, development and
planning services. In addition, the manufacturer assumes the investment risk (Roth
& Stoppel, 2014). This means that the financing of the plant is provided or organized
by the manufacturer. Any downtime is borne by the manufacturer. In a usage-based
subscription business model, the usage intensity is the quantifiable reference variable
(Roth & Stoppel, 2014). Here, market risks arise in relation to the customer’s market
(Roth & Stoppel, 2014). A lower order situation at the customer’s site reduces the
utilization of the machine and thus its utilized capacity, which forms the billing basis
for the provider. Furthermore, process risks are transferred, which exist in the case of
incomplete or error-prone processes (Roth & Stoppel, 2014). It therefore makes
sense for the provider to support its customer in optimizing its processes. If a
result-oriented promise is made within the subscription business model, the ref-
erence variable is often the number of well-produced units (Roth & Stoppel, 2014).
Accordingly, the provider also assumes the quality risk of the products produced
with the machine. From this maturity at the latest, the manufacturer also assumes the
productivity risk, which is why they are well advised to raise the performance of the
machine to as high a level as possible, since they profit directly from this. Here, the
provider benefits both from the manufacturer’s know-how and often also from the
network effect (Lechler & Schlechtendahl, 2016). The network forms the connected
base of the manufacturer, which continuously provides data on performance and
settings (Lechler & Schlechtendahl, 2016). Digitalization is a necessary prerequisite
here. The supplier thus has the necessary knowledge to maximize the productivity of
the individual plant. The customer themselves do not have the opportunity to do this
due to the lack of information Picot et al., 2018). If the provider refers to the
economic success of the customer as the basis for billing in his subscription business
model, i.e., if it is success-oriented, there is usually a share in economic variables
such as profit or reduced costs. This results in a value risk in relation to the valuation
of the measurement variable, which can fluctuate over time. For example, a product
unit may lose value as a result of a competitive price war, reducing the concrete
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Fig. 2 The added value of the subscription is achieved with increasing risk (own illustration,
based on content from Roth & Stoppel, 2014)

economic success of the customer and thus also the profit of the supplier (Schuh
et al., 2019).

For plant manufacturers, the anticipation of risks can already lead them to shy
away from entering an innovative value proposition. However, these same risks
form the potential for value creation and thus, thanks to increasing alignment of
interests, the basis of a participative business model (Deutscher, 2019). However,
risks can often be mitigated or reduced. For example, before submitting an offer, the
customer’s business model should be reviewed to determine whether it is suitable
for a subscription offer. One indicator here is the growth ambitions and opportu-
nities of the potential customer (Jodlbauer, 2020). Other risks can be distributed
among various players according to their competencies through cooperation in the
form of a business ecosystem (Farhadi, 2019).

An example of risk sharing is provided by the TRUMPF Group’s new
“pay-per-part” business model. It is designed to make laser-cut sheet metal
parts available for purchase by customers. Thanks to full automation, the need
for action by the customer is to be eliminated, so that the customer receives a
part manufactured according to plan at the push of a button. The customer
should thus be able to concentrate on his core business in the future, since the
operation of the laser cutting machine is outsourced and he can procure the
required components easily and at low cost. By involving the partner Munich
Re and its subsidiary relayr, an overall solution with calculated risks is to be
designed. While relayr develops the data analysis for the pricing, Munich Re
as a company for reinsurance and risk solutions takes over the financing of
the machines and bears the investment risk. Thus, a part of the risks asso-
ciated with the subscription is to be absorbed by a cooperation partner
(Munich, 2020).
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4 Conclusion

The proliferation of subscription business models has increased continuously in
recent years, not only in the software sector, but also in the manufacturing industry
due to the increasing networking of machines and systems (Dispan, 2021; Stich &
Hicking, 2019). The focus of a subscription is on a long-term, positive “lock-in
effect” resulting from the mutually beneficial cooperation (Schuh et al., 2020). The
customer no longer obtains its service through a transactional product sale, but pays
on the basis of performance-based price metrics for the availability, use, or result of
a solution offering provided (Stoppel, 2016). The prerequisite for this is that the
customer is understood throughout the entire usage phase and the individual benefit
from the solution package offered is presented transparently (Schuh et al., 2019). To
do this, it is necessary for the manufacturer to build a continuous, data-based
understanding of the actual usage of the products, and to apply digital technologies
to predict potential failures and improve performance. The insights gained are used
to optimize the customer’s value creation, which results from the provider’s
guarantee of successful use of the solution package (Stich & Hicking, 2019).

The path to successful implementation of subscription business models is full of
challenges (Paproth, 2020). However, companies that have already taken this route
can draw conclusions about success factors that successful providers of subscription
business models have in common. They do not just look at usage data selectively
and performance-related, but create transparency across all phases of the customer
life cycle in order to be able to optimally align the entire process with customer
needs in a targeted manner (Schuh et al., 2020). They do not achieve this indi-
vidualization of their services through a large number of different product variants,
but rather exploit the possibilities of modularization combined with the potential of
digitalization (Schuh & Riesener, 2018). Standardized hardware is complemented
by individualized software that adapts more and more to the customer’s needs over
time. In this context, their central position at the heart of a wide customer network is
very valuable. Within the network, a large amount of data from individual cus-
tomers is available to the provider (Lechler & Schlechtendahl, 2016). The insights
gained from the data of all customers can subsequently be used again to increase the
productivity of the individual plant. However, the customers’ activities are also
becoming increasingly complex or are developing into areas that are no longer part
of the provider’s area of expertise (Farhadi, 2019). For this reason, another success
factor is that companies bundle their services together with other providers (Paproth
& Leiting, 2020). Joint service provision within the ecosystem enables providers to
offer the required competencies without having to build them up themselves
(Farhadi, 2019). But even when providing services in an ecosystem, success criteria
must be defined and monitored and evaluated on a data basis. Successful companies
use customer success management systems (Paproth & Leiting, 2020), which are
the starting point for deriving proactive measures and recommendations to increase
the performance of the solution package.
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Digital Business Models for Industrial
Suppliers—The Case of Schaeffler
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Abstract

Today more than ever, industrial suppliers are facing existential challenges. The
ever-faster pace of technological change, the emergence of innovative business
models, and the increase of servitization are threatening the very existence of
entire industries. In view of these challenges, the question arises as to how
established companies in the supplier industry can develop strategies and
generate innovations that can ensure the long-term survival of these companies.
This article answers this question by examining a current practical case in the
rotating machinery market. Using Schaeffler OPTIME, a digital condition
monitoring solution, the challenges and benefits of digital business models for
traditional industrial suppliers are highlighted. Thus, the article provides a
valuable contribution to a better understanding of new digital business models in
changing ecosystems. At the same time, the article provides a best practice for
those responsible for innovation in industrial companies.
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1 Introduction

1.1 Opportunities and Challenges for Industrial Suppliers
Through Digital Technologies and Digital Business
Models

Today more than ever, industrial suppliers, i.e., manufacturing companies in the
supplier industry, are facing existential challenges (Veile et al., 2019). The
ever-faster pace of technological change, the emergence of innovative business
models, and the increase of servitization are threatening the very existence of entire
industries (Baden-Fuller & Haefliger, 2013; Baines et al., 2009). In view of these
challenges, the question arises as to how established companies in the supplier
industry can develop strategies and generate innovations that can ensure the
long-term survival of these companies (Schiele, 2006). This article aims to answer
this question using an example from corporate practice.

One of the most important megatrends manufacturing companies currently face
is digitalization (Bogner et al., 2016; Ghobakhloo, 2018). Digitalization, i.e., “the
changes associated with the application of digital technology in all aspects of
human society” (Stolterman & Fors, 2004), is not only changing the way we as
humans communicate, live, and work with each other but also the value creation of
companies (Amit & Han, 2017; Matt et al., 2015). Surprisingly, seven of the
world's ten most valuable companies, including Microsoft, Amazon, and Facebook,
are companies whose business model is already based, to a large extent, on digital
technologies (PwC, 2020).

The digitalization of companies is particularly challenging for established
companies that so far focus on analog technologies because digitalization changes
or accelerates fundamental market mechanisms (Paulus-Rohmer et al., 2016). In
particular, companies that are able to adapt digital technologies share three key
advantages. First, digital technologies enable faster market access and scalability
than analog technologies because the physical transportation of goods is reduced or
eliminated (Stampfl et al., 2013). For example, apps can be installed and used on an
existing smartphone in seconds. Second, digital technologies enable faster rollout of
product improvements. For example, performance improvements can be down-
loaded and installed through Over The Air (OTA) technology in the form of
software updates or new releases (Nilsson & Larson, 2008). This functionality
means that, unlike physical products, product improvements can be rolled out even
after purchase and during use by the customer. Third, digital technologies enable
the creation of new knowledge and services based on mass data (Berman, 2012;
Ives et al., 2016). For example, data generated during product use can serve as a
starting point for further product improvements, whereas data collection with
analog products involves comparatively high costs and an enormous amount of
time. These three starting points give companies that rely on digital technologies a
significant competitive advantage.
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Nevertheless, the underlying technology is only one of many components of a
successful business model (Baden-Fuller & Haefliger, 2013). Over the past 20
years, scientists have developed the understanding that successful business model
concepts, i.e., the organizational and financial architecture of a firm (Teece, 2010),
consist of the following building blocks in addition to the central value proposition:
value creation including resources, activities, and partners; value delivery including
customer relationships, customer segments, and channels; and value capturing
including cost structure and revenue streams (Osterwalder & Pigneur, 2010; Zott
et al., 2011). As a result, digital business models are not only characterized by
relying heavily on digital technology or software alone but rather use this tech-
nology to create a fast scaling business which is built on the use of data as well as
frequent releases of new functions to provide customer value (Al-Debei & Avison,
2010).

In addition, companies benefit from the design options offered by digital busi-
ness models. One type of business model that uses these technological capabilities
and combines them with smart design choices to generate decisive competitive
advantages is the subscription business model (Schuh et al., 2019). The subscription
business model differs from other business models in that users are allowed to use a
company's offering on a continuous and self-determined basis and pay the company
a uniform fee on a regular schedule, such as monthly or annually (Schuh et al.,
2020). Although subscription business models are by no means a novelty, news-
paper subscriptions were already available in the 1800s, the concept of this business
model became very popular only recently with the rise of the digital age. Typical
examples of digital subscription business models from the B2C context are Netflix,
Amazon Prime, or Spotify. Increasingly, examples can also be found from within
the B2B sector such as in the use of licensed software solutions or fleet manage-
ment services.

Although a recurring service fee for a constant or unlimited access to the service
offering is widely considered the main characteristic of these business models, there
are a few other important characteristics of subscription business models. Sub-
scription business models are radically customer-centric and often integrate many
channels of service provisioning into a holistic customer experience. Convenience
and the ease of consumption of a service play an important role for the service
provisioning in subscription business models. Consequently, the costs of service are
very transparent and easy to calculate for the customer.

The digital subscription business model has further competitive advantages over
other types of business model. For the provider, it has the decisive advantage of
being able to scale quickly with a uniform range of services and generate contin-
uous revenue without having to constantly negotiate prices (Stampf et al., 2013).
Likewise, this form of business model has decisive advantages for users. Users
enjoy a very simple way of using or applying the service, usually via digital access,
and they also do not have to deal with price negotiations or developments because
the price is transparent and the same or constant for all users (Schuh et al., 2020).
Maybe the most important factor regarding the long-term success of a subscription
business with its customers is the ability to constantly innovate and provide new
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features, functions, and services that are a better fit to the customer needs than those
of the competition. For example, Netflix started by changing its business model
from a subscription-based DVD rental company to a subscription-based streaming
provider that integrates the offerings of many TV series and movie production
studios and makes them consumable with any end-consumer device for a fixed
monthly fee. In order to be successful in the long-run, Netflix realized that it needed
to start producing its own series, movies, and documentaries based on a unique
understanding of what consumers wanted to watch. Thereupon, they targeted what
new content to develop by leveraging the data it had collected during their 2nd
generation existence.

Having said this, manufacturing companies which, in particular, previously
pursued a strategy of technology leadership, are now facing decisive challenges in
product development. First, a combination of physical products, services, and
digital services fundamentally promises additional benefits for the customer com-
pared to a pure product business (Schuh et al., 2020). In addition, integrated digital
services can build much stronger and more long-term customer relationships than a
pure product business. Secondly, a possible innovation head start from technology
leaders with purely physical products can be quickly made up by a comparatively
simple update of digital products/services of a follower. Thirdly, companies with
digital products/services may have the advantage of owning the usage data, which
in turn can be a starting point for further solutions that optimally fit the customer
needs.

These challenges are putting many manufacturing companies to the test, and
they are reinforced by the fact that companies cannot switch from selling purely
physical products to digital solutions in the blink of an eye (Rachinger et al., 2019).
For establishing digital business models, new competencies must be built up
compared to established product-based business models, especially in agile IT
development and deployment (Mezger, 2014). Other competencies that have been
built up over decades, such as physical logistics, are becoming less important.
Nevertheless, technological and business model developments also open up new
opportunities for the further development of established industrial companies in
terms of a sustainable competitive advantage (Tallman et al., 2018).

For the time being, it can be summarized that there will undoubtedly be a need
for physical components (hardware) in the future. However, the question will be
which providers will succeed in generating decisive competitive advantages with
digital components (software) in the future, and how these providers will change the
value chain in established industries and thus shape new digital ecosystems (Weill
& Woerner, 2013).

1.2 Course of Contents

Against this backdrop, it can be seen that, more and more, established companies
are addressing the question of what value they want to create in a digitized world.
The global automotive and industrial supplier Schaeffler has also addressed this
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issue in order to actively seize the opportunities offered by digital technologies and
digital business models. This article will explain how Schaeffler is succeeding in
doing this in the market for rotating machinery.

To this end, the existing ecosystem and current developments in the market for
rotating machinery are first presented. The authors also discuss Schaeffler's par-
ticular motivation for developing digital solutions for this market. Subsequently, a
digital innovation for predictive maintenance in rotating machinery is presented
using the concrete example of Schaeffler OPTIME. Here, the special features in the
design of the business model, compared to the classic product business model, will
be addressed. Finally, the challenges and opportunities that have emerged over the
course of the development of OPTIME will be explained.

With this article, the authors show, on the one hand, the possibilities for man-
ufacturing companies to gain a competitive advantage in the digital age with
innovative, digital solutions, and business models. On the other hand, the authors
provide concrete assistance for decision-makers and developers in companies by
sharing exclusive insights from a highly topical case study that has only recently
appeared in the market.

2 Ecosystems Around Rotating Machines

2.1 Value Chain in the Ecosystem for Rotating Machines

With the rapid development of technology and science, mechanical equipment in
modern industry becomes more and more functional and complex. In particular,
rotating machinery is among the most important equipment in modern industrial
applications (Muthanandan & Nor, 2019). The typical value creation within the
ecosystem around rotating machinery is shown in Fig. 1.

There are companies that use rotating machines in their production facilities.
These are called machine operators. The machine operators buy their machines

Component Supplier Machine OEM Distributor Machine Operator

Addi onal Services

Service Provider

Fig. 1 Typical value chain for the rotating machinery market
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from machine Original Equipment Manufacturers (OEMs). The shipping and
assembly of the machines is either done by the OEMs themselves or by distributors.
The machine OEMs, in turn, usually purchase components for the machines they
design and assemble from various component suppliers. In addition to the pro-
duction and logistics of the machines and systems, there are service providers who
offer various services for rotating equipment. These include services such as repair
and maintenance, spare parts management, and condition monitoring
(CM) (Muthanandan & Nor, 2019).

As rotating machinery has a very wide range of applications, the market for
rotating machinery is a continuous economic driver worldwide. Due to the extre-
mely high functionality and complexity of machines and systems, all companies
along the value chain typically have a very profound understanding of the complete
rotating machine and its application (Baharom & Zahir, 2019). Accordingly, it is
not uncommon for companies to limit themselves to their core task in the value
chain (e.g., component supplier) but also to offer corresponding services them-
selves. In this way, a complex ecosystem has emerged over the decades in which
players across the individual phases of value creation in this market attempt to
create value and generate market share.

2.2 Trends in the Ecosystem Around Rotating Machines

The ecosystem around rotating machinery is continuously evolving. In particular,
fault diagnosis and management of rotating machinery have become one of the
most critical aspects in this context. Therefore, some of the latest trends on this
topic are explained below.

Since the 1990s, a wide market has developed for different technology and
service providers focusing on CM (see Tavner, 2008 for a review). CM is an
umbrella term for the collection and analysis of physical measured data with the aim
of evaluating the condition of machines and systems (Schaeffler Monitoring Ser-
vices GmbH, 2019). Depending on the type of machine, there are different
approaches and technologies for CM, which shall not be explained in detail here.
Driven by steadily increasing demands on machine availability, optimization of
maintenance, and life cycle costs or safety requirements, the CM market is growing
steadily.

Compared to the first developments, the CM market has evolved into a complex
system (Tavner, 2008). From a technological perspective, traditional wired CM
systems exist that provide very accurate data. The goal of these systems is to
provide accurate, high-quality insight, and analysis about the health of complex
machinery. However, analyzing this data often requires deep expertise. Since
technology providers usually focus only on either hardware and sensors or analytics
and services, but do not typically offer end-to-end solutions, the integration of the
various internet of things (IoT) layers to create an end-to-end solution must be done
by the asset owner or a service provider. Typically, CM systems are tailored to
specific machine component types, which further limits the scaling of their use in
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other environments. As a result, the combination of the cost of cabling and
infrastructure as well as the vast expertise required has often made CM systems
expensive to deploy.

At the same time, new players are entering the CM market. Driven by emerging
data analytics and predictive technologies such as machine learning and artificial
intelligence (AI), these new providers promise a new level of insight from existing
data. These services are typically offered under the term predictive maintenance
(PM) and promise to not only detect the current state of a machine or system but to
go beyond and predict its future state and, more importantly, to predict failures
(Crowder & Lawless, 2007; Hashemian, 2010). However, the providers of these
services require mass data as a basis for machine learning and AI technology and
rarely offer a solution for collecting this mass data (Susto et al., 2014).

Finally, a trend towards a combination of CM and other services can also be
identified. Typically, manufacturing companies and machine operators are not
interested in the machine condition itself but are rather looking to use that infor-
mation to optimize their productivity. Increasing the availability of machines while
at the same time reducing maintenance and spare parts costs have benefitted service
providers which are able to combine information about the condition of a machine
with additional services which guarantee, for example, specific productivity results.
These often called (full) performance contracts include a range of services from
consulting to condition monitoring to maintenance (Kim et al., 2007). The service
provider is either fully payed on the basis of the machine’s performance or on a
bonus or penalty system which rewards certain results of the service. Such contracts
have the customer benefit of transferring the risk of the productivity of the machine
to the service provider and guaranteeing a certain performance level is delivered by
the service (Selviaridis & Wynstra, 2015).

2.3 Motivation for Schaeffler to Invest in Digital Technology
and Business Models for CM

Having said this, CM is an integral part of modern production facilities. However,
due to the significant cost and expertise required, current CM systems lack the
scalability and affordability necessary to be widely deployed. Typically, only the
three most important machines for a given production process are monitored, which
rarely accounts for more than five to ten percent of the total machines in a pro-
duction facility. Occasionally, additional manual hand measurements are used for
another 20–40% of the machines. Overall, it can be concluded that the condition of
most of the machines and equipment in a production facility is unknown to
maintenance and production managers for a large portion of the time. In
asset-intensive industries, this approach leads to frequent unplanned downtime and
production losses corresponding to costs in the millions.

In the existing CM market, Germany-based Schaeffler can be qualified as a
full-range supplier. Schaeffler is an important innovator and manufacturer in the
field of high precision and high-performance bearings and therefore has an in-depth
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knowledge of rotating machinery and equipment. At the same time, Schaeffler
offers a global portfolio of CM measurement equipment as well as various CM
services such as remote monitoring or on-site assessments including hand mea-
surements and endoscopies (Schaeffler, 2021).

Due to this breadth of offerings, Schaeffler not only possesses first-class
know-how for the production of individual components but also the corresponding
knowledge about the behavior of the components over the course of their life cycle.
With regard to the costs along the life cycle, studies have shown that approximately
half of the costs of a machine component are not incurred until operation, support,
and service (Ahmed, 1996). This situation opens previously unexploited potential,
especially for established market players. As an established player in the CM
market and against the backdrop of emerging opportunities through digital tech-
nologies and business models (Tallman et al., 2018), Schaeffler was looking for
opportunities to further develop its service portfolio.

3 Schaeffler OPTIME

3.1 OPTIME as an Innovative Approach to CM/PM

In order to design a next level condition monitoring solution, Schaeffler approached
the topic as a service design challenge and not primarily from a technological
perspective. Even though it was clear from the beginning that the new condition
monitoring solution should utilize state-of-the-art technology, in order to identify
the key requirements towards Schaeffler’s new solution, it was decided to design it
as a service based around customer needs.

The first step in designing the new condition monitoring solution was to identify
the customer pain points with current solutions. More specifically, Schaeffler started
working with lead customers to find out why they were not monitoring most of their
machines even though the technology needed was already available. From a pure
technological view, the measurement systems to monitor almost every rotating
machine in production has been available for more than 10 years. Still, depending
on the industry, up to 95% of machines are not monitored. This lack of monitoring
means that besides a few bottlenecks or high priority machines, the condition of
most of the production and auxiliary equipment in a production plant is unknown to
the operators and maintenance staff. The absence of monitoring leads to significant
inefficiencies in the form of unexpected breakdowns including not only downtime
but production losses. It is also common that machines which are still in good
condition get inspected, maintained, or even replaced on a regular basis.

Via in-depth interviews and workshops with lead customers, the Schaeffler
analysis team established a common understanding of the customers’ view of
condition monitoring, its value, and obstacles customers experienced with current
solutions. Schaeffler’s analysis identified that despite the obvious factor of the cost
of the solution, other enablers were also missing for customers to engage in
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monitoring of machines at large scale. For example, the installation process of the
solution had to be fast and require no training or configuration so that the solution
could be installed on hundreds or even thousands of machines in a very short time.
Also, the use of the solution should require only little training and especially be
independent of existing condition monitoring know-how. The new solution had to
provide automated but still reliable alarms and recommendations without requiring
expert knowledge from the user.

Based on this analysis, Schaeffler OPTIME was designed as a service instead of
as a measurement system. Typically, a condition monitoring solution is designed
based on technical parameters from the application resulting in technical require-
ments such as measurement frequency, sample rate, etc. Schaeffler developed
OPTIME as a digital service with a mobile first approach starting from the situa-
tions and decisions for which the customer would use the solution. Technological
requirements and decisions were taken subsequently. The result of this
user-centered innovation approach towards condition monitoring is a next level
condition monitoring solution which enables users to monitor rotating machines on
an unprecedented scale.

The condition monitoring solution, OPTIME, is an easily expandable system and
consists of wireless, battery-powered vibration sensors, a gateway, and an app for
visualizing the analysis results (see Fig. 2). The data collected by the sensors is
analyzed using specially developed algorithms, and the algorithms are based on
Schaeffler knowledge, physical models that have been further developed over
decades, and condition monitoring experience. With a lead time of several weeks,
OPTIME detects damage to the respective components of, for example, electric
motors, fans, and pumps, as well as imbalance, misalignment, or lubrication issues.
The app displays trend curves and the severity of incidents by means of traffic light
colors, alarms, and other information. Concrete recommendations for action make it
easy for in-house maintenance staff or even service companies to plan maintenance
measures, personnel deployment, and spare parts procurement in a timely and
cost-efficient manner. Maintenance personnel do not require any condition moni-
toring knowledge for installation and commissioning, and the vibration sensors are
screwed or glued to the aggregates and activated via near field communication
(NFC) using the app. All sensors independently connect to each other and to the
gateway to form an independent mesh network. Here, the sensors transmit raw
vibration and temperature data as well as KPIs of the aggregates via the gateway to
the Schaeffler Cloud. There, the data is analyzed, and the results are sent to the app
for output to a wide variety of end devices used by maintenance staff and plant
operators.

Using this service-based innovation approach and combining it with
state-of-the-art digital technology like cloud or machine learning, Schaeffler was
able to generate significant USPs for their solution and an upside for their cus-
tomers. The installation time per sensor was reduced from several hours to just a
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few minutes. The solution requires almost no training and no condition monitoring
expertise from the customer in order to analyze the condition of a machine and
generate recommendations. Compared to monthly offline measurements with
handheld devices, significant cost savings of over 50% can be realized with
OPTIME.

3.2 OPTIME as a Digital Business Model

The business model of OPTIME is based on a simple and an easy-to-use approach
resulting in great scalability of the solution for the customer. Creating scalability,
therefore, was also the main goal of the design of the business model. Besides
scalability, the following requirements were defined for the design of the business
model:

• The business model should reflect the service characteristics of OPTIME in the
sense that it provides constant value to the customer, and new functions and
features of the solution are continuously developed

• The business model should make OPTIME easy-to-buy for customers and
support the buying decision for OPTIME by being transparent and economical.

Based on these requirements, it was decided that the business model of OPTIME
should follow the design principles of subscription business models as presented
above.

Because of a technical architecture which heavily relies on cloud and software
components, the OPTIME solution is very easy to update. Compared to solutions

Fig. 2 Operating principle of Schaeffler OPTIME
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which only include firmware in measurement systems and which are installed
on-premise at the customer site, the actual costs of any updates for OPTIME are
minimal. Therefore, the strategy for Schaeffler OPTIME is to offer the customer
continuous innovation and new functions at zero extra cost.

In order to reach the required scalability of the business model, there was one
other key aspect to consider. Purchasing processes in industrial or B2B settings are
often fundamentally different from B2C buying processes. Industrial purchasing
processes, especially in large companies, follow a very formal approach and
incorporate many stakeholders and decision makers including technical and com-
mercial decision makers, purchasing agents, and lawyers. In order to be able to
scale the OPTIME solution quickly with many customers, the typical aspects of the
purchasing processes of these customers, such as purchasing categories, purchasing
budgets, decision limits, etc., had to be considered as well.

As a result, the business model of OPTIME was defined accordingly.
The OPTIME hardware components of the solution (sensors, gateways) are bought
by the customer. The digital service is purchased in an as-a-service business model
with a monthly subscription based on the number of monitored machines and
includes all functions of the OPTIME App and Cloud such as access for multiple
users, analytics and recommendations, data hosting, etc. Updates to the function-
ality of the OPTIME digital service (e.g., increased analytics capabilities) are
provided without extra cost to the customer. With this business model, the cus-
tomers can make a simple lifetime cost calculation of the complete OPTIME
solution which is provided to them by Schaeffler, and there are no hidden or
additional cost or multiple options from which to choose. The business model fits
well with the existing purchasing categories of most industrial companies and is at
the same time transparent and easy to explain.

4 Managing and Integrating Digital Business Models
as an Industrial Supplier

4.1 Opportunities from Digital Business Models

The business model of industrial suppliers is usually product or component driven.
Industrial suppliers gain competitive advantages by acquiring technological capa-
bilities that create technical USPs of their components or by creating cost advan-
tages. Industrial suppliers typically try to form strategic partnerships with their
customers (OEMs) to strengthen their position and identify their needs first. This
strategic position has several disadvantages for industrial suppliers. Because they
often do not have direct access to the end customers or even the OEM’s customers,
they must rely on the OEMs to correctly identify market trends and changes. Even
though the industrial supplier might have significant application know-how which
is relevant for the entire lifecycle of a component or a machine, they often have
difficulty leveraging this know-how into offerings, service, or otherwise, because
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they lack the end-customer access. Therefore, the main revenue source for industrial
suppliers is component or product sales.

In this situation, digital business models offer several opportunities for industrial
suppliers in general. First, digital business models can be a door opener for the
industrial supplier to a new customer group. By offering services which help to
optimize the lifecycle of a component or product, industrial suppliers can gain
access beyond their typical OEM customer group. This access enables them to
identify market trends and technological requirements sooner and more precisely;
therefore, this insight significantly reduces the risk to the core business of the
industrial supplier. In addition to the positive effect on the core business, industrial
suppliers can use digital business models to enter into long-term service relation-
ships with customers and create additional recurring revenue streams alongside
traditional component or product sales.

By incorporating an open technological approach using a flexible and agile
cloud architecture, industrial suppliers can not only create a direct service offering
but also engage in partner models. This approach has the advantage that, even
though industrial suppliers also provide their services to the OEM’s customers, they
can create an offering which allows the OEM or any other partner to benefit from
that offering, thus reducing the strategic tension between the OEM and the indus-
trial supplier. Through this platform approach, the industrial supplier significantly
strengthens its position in the entire ecosystem by creating service offerings for
multiple partners and allowing the entire ecosystem to benefit from the service and
the service provider’s expertise.

In order to tackle these opportunities, Schaeffler used an open platform approach
for its condition monitoring solution. For example, OPTIME provides standard
interfaces that enable third parties to access their data and analysis results with their
own software or cloud solution and create their own service offerings based on
OPTIME data. These interfaces enable not only OEMs but also industrial service
providers to use the OPTIME solution and integrate it into service offerings for their
own customers.

4.2 Challenges from Digital Business Models

From the perspective of industrial suppliers, digital business models also pose
specific challenges. Of course, industrial suppliers experience the same challenges
as any company that offers digital business models (e.g., mastering digital tech-
nology). Yet, a number of these challenges are specifically demanding for industrial
suppliers due to their existing business model.

The biggest difference to the existing component or product-based business
model of an industrial supplier is that, with a digital business model, you are
constantly connected to the customer. This difference implies that the entire inno-
vation approach needs to change from that of identifying and fulfilling technical
parameters to, instead, identifying and fulfilling user requirements. For successful
digital business models, the user’s needs must be understood relative to the user’s
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processes, decisions, and even emotional requirements. In order to fully capture the
benefits of digital offerings, the innovation approach must change into an agile
approach that is able to constantly provide new releases and functions based on the
continuous feedback the organization gets from the users.

In addition to the innovation approach, other parts of the organization must also
be transformed in order to successfully offer digital business models. As explained
above, digital business models typically target a different customer group than the
one an industrial supplier serves in his core business. Likewise, the sales approach
for the digital business needs to change from a technology-driven to a value-based
sales approach. This shift requires new roles, such as customer success managers,
and new competencies within the organization.

5 Summary

Against the backdrop of increasing digitalization, industrial suppliers worldwide are
facing major challenges. Nevertheless, technological change also holds enormous
opportunities for adapting traditionally grown industrial business models. This
article has used the example of Schaeffler OPTIME, a modern CM solution, to
illustrate in a practical way how traditional industrial suppliers can expand their
portfolio with new digital services to ensure the long-term survival of the company.

The impact of the adaptation of the business model does not only affect the
company itself but also the entire digital ecosystem. The new OPTIME service
offers changes the way industrial suppliers work with key partners in the market and
with customers. The latter benefit from the new subscription business model in
multiple ways, which significantly strengthens the customer relationship.
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German B2B Platforms’ Contribution
Towards a Resilient Economy

Dieter Kempf and Steven Heckler

Abstract

The Corona pandemic has highlighted the necessity for enterprises resilience, i.e.
the ability to withstand systemic discontinuities and adapt to new risk
environments. Companies can adjust to these challenging circumstances by
constantly reinventing themselves. German industry is world-renowned for its
engineering of technical products and services. Due to the success of
US-American and Chinese consumer-oriented platform-based business models,
the question arises if German companies’ approaches to develop industrial
business-to-business platforms can enhance their resilience in light of challenges
such as the digital transformation, or systemic shocks, such as global trade
conflicts and the Corona pandemic. Based on a categorisation of Germany’s
B2B landscape into data-centric and transaction-centric platforms, the paper
draws on recent quantitative studies to analyse the potential of German B2B
platforms for augmented enterprise resilience in industry and industry-related
services. The paper showcases that B2B platforms are a cornerstone for
implementing Industry 4.0 and thus the digital transformation from a
product-centric economy to a model that smartly combines physical engineering
with data-based, digital value-added services. At the same time, digital B2B
platforms help to minimise CO2 emissions, to cut back on production and
logistics costs and to maximise the efficient utilisation of R&D, production and
transport capacities.
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1 Introduction: Germany’s Flourishing B2B Platform
Landscape

Digital platforms are the dominant business model of the digital age. Online
marketplaces, booking platforms and app stores are all based on the principles of
the platform economy. Today, seven out of the ten companies with the highest
market capitalisation worldwide operate at least one digital platform as an integral
part of their business model (PWC, 2020). As most of these business-to-consumer
(B2C) platforms originate either from Silicon Valley or China, one might argue that
Europe overslept the trend towards digital platform-based business models.

This analysis, however, would ignore significant developments in recent years.
German industrial companies, which contributed about 27% to GDP in 2019 (Sta-
tista, 2020), increasingly develop their own B2B platforms. However, while
US-American and Chinese companies are predominantly developing platform-based
business models for consumers, German companies’ focus lies mainly on platforms
for business users, i.e. business-to-business (B2B) platforms (BDI, 2020a). In many
cases, the development of B2B platforms does not result in a strategy shift from a
product-centred to a digital business model, but rather in offering digital value-added
services based on platforms on top of their existing portfolio.

German enterprises perceive digital platforms as an opportunity (Bitkom, 2020).
Thus, already 70% of German companies in the industry and industry-related
services utilise or even operate a digital platform (vbw, 2019). Consequently, 6.8
per cent of value creation in German industry and the industry-related service sector
substantially depends on platforms, corresponding to a gross value added of 112
billion euros (Ibid.).

While the above-cited figures illustrate that digital platforms are increasingly of
integral importance both for the single company as well as for the entire economy,
the question arises how exactly B2B platforms contribute to more resilient enter-
prises and economy. Based on a brief discussion in Chapter two of German B2B
platforms’ characteristics and typology and against the backdrop of an outline of the
concept of “resilience” in Chapter three, this paper analyses how five types of
digital B2B platforms operated by German companies contribute to enhanced
resilience (Chapter four). The article shows that Germany will not win the digital
race only based on its B2B platforms, but that it cannot win this race without these
platforms. B2B platforms are a central pillar for the implementation of Industry 4.0,
i.e. the intelligent networking of machines, sensors, cloud services and platforms.

2 German B2B Platforms Explained

“Digital platforms are intermediaries which connect two or more market participants
via a digital technology and thereby, either simplify interactions, or even make new
interactions possible” (BDI, 2020a). They orchestrate an ecosystem of supply,
demand and digital services bymaking use of data and bridgingmedia gaps (BMWi&
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Plattform Industrie 4.0, 2019). The following sub-chapters briefly discuss Germany’s
evolving platform landscape by providing a typology of German B2B platforms (2.1)
and major characteristics of B2B in comparison to B2C platforms (2.2).

2.1 Typology

The term “digital platforms” refers to various types of digital business models
reducing transaction costs and facilitating (business) interactions among large
numbers of (physically dispersed) possible users or participants. Typical
platform-based B2C business models are marketplaces, booking platforms, app
stores, social networks and search engines. Likewise, various types of digital
platform-based B2B business models exist. The literature on B2B platforms identifies
two approaches when differentiating between B2B platforms: The structural
approach differentiates platforms according to technological and organisation char-
acteristics (Plattform Industrie 4.0 & BMWi, 2019; VDMA & Roland Berger, 2019)
whereas the functional approach focuses on the transactions facilitated by platforms
(BDI, 2020a; BMWi, 2019; Evans & Gawer, 2016; Falck & Koenen, 2020).
Like BDI (2020a), this paper follows the functional approach and differentiates
between two main categories, which can be divided into five sub-types (Fig. 1).

Fig. 1 Typology of German B2B platforms (BDI, 2020a)
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The first category consists of data-centric platforms, i.e. platforms that offer an
infrastructure for the storage, exchange, analysis and evaluation of data originating
from various sources (BDI, 2020a; Haucap, Kehder & Loebert, 2020). These
platforms can be differentiated into two sub-types: Firstly, Industrial Internet of
Things (IIoT) platforms enable the networking of production processes, machines
and systems or products on the Internet of Things. Based on the processing and
analysis of data generated by various types of machines, insights into formerly
analogue business processes can be generated and new services, such as condition
monitoring, can be offered. Secondly, so-called data (transaction) platforms—which
are also referred to as data marketplaces (BMWi, 2020b; Falck & Koenen, 2020)—
are neutral intermediaries facilitating the exchange of data between actors. As the
figure showcases, a neat classification of data (transaction) platforms into one of
these two categories is not possible since—depending on the specific platform—
either their data- or their transaction-focus prevails.

The second category comprises transaction-centric platforms which focus on
facilitating transactions, such as purchasing, logistics or networking, among
enterprises (BDI, 2020a; Haucap, Kehder & Loebert, 2020). Three different
sub-types have been identified: Firstly, digital marketplaces which “are virtual
places where—mediated by the operator of the respective marketplace or platform
—business transactions, such as purchasing and sales, agile manufacturing and
(pre-)order, are made possible between companies online without media disrup-
tions” (BDI, 2020a). Secondly, supply chain and logistics platforms which facilitate
logistics services between a sender and a logistics company. Here, the platform
enables a media-gap-free transfer of information and makes traditional means of
communication redundant. Thirdly, like social networks, B2B networking plat-
forms which facilitate the collaboration between various enterprises.

This overview illustrates that very different B2B business models are based on
the platform economy. Nonetheless, certain general characteristics of B2B plat-
forms have been identified, as the following section illustrates.

2.2 Characteristics

Digital B2B platforms are different from B2C platforms, as their respective areas of
use and particularly the actors engaging on these platforms differ immensely
(Haucap, Kehder & Loebert, 2020). To facilitate the following discussion, this
section briefly summarises key findings of a study by Falck and Koenen (2020),
which is one of the first analysing the characteristics of B2B platforms.

The differences between B2C and B2B platforms consist of structural as well as
functional aspects. Firstly, while on B2C platforms asymmetrical market players
interact with each other (large, often multinational companies and individual con-
sumers), on B2B platforms, more symmetrical market players interact. At times,
even the operator of a B2B platform possesses a smaller market power in com-
parison to the platform’s users. This provides users of B2B platforms with a greater
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market power, inter alia, allowing them to negotiate customer-individual contracts.
(Falck & Koenen, 2020).

Secondly, the German B2B platform landscape is characterised by a high degree
of competition. This competition is taking place between platforms offering similar
solutions and platform-based versus traditional business models. To win new
customers, operators of B2B platforms differentiate their platforms not only based
on price and costs, but also by providing new, innovative functionalities, offering
customer-specific adaptations, such as tailoring a marketplace to the customer’s
purchasing processes, and by remaining open towards new user groups (Falck &
Koenen, 2020).

Thirdly, in contrast to B2C platforms, which often address a very large group of
potential users, many B2B platforms specialise in certain industries (BDI, 2020a).
Based on the know-how of a certain industry, operators of B2B platforms aim to
tailor their platform to the requirement of their potential customers (Falck &
Koenen, 2020). For example, specialised marketplaces exist for various industry
sectors (BDI, 2020a). However, a recent study suggests (VDMA & McKinsey,
2020) that, in future, we are likely to see the development of one major B2B
platform or the integration of existing industry-specific platforms to allow the
necessary scaling-up. The development of a sector-specific platform, benefitting
from sector-specific know-how, might be appropriate as a First Mover and with a
high degree of scalability and compatibility.

Fourthly, network effects are what causes the “power of the platform” (Parker,
Van Alstyne & Choudary, 2016). Network effects can be defined as the “impact that
the number of users of a platform has on the value created for each user” (Ibid.).
Consequently, network effects are among the main drivers of growth for platforms.
However, especially on B2B platforms, network effects are not only positive, since
a rise in providers can lead to increased price pressure and prolonging the time until
a user finds a specific offering (Falck & Koenen, 2020).

This section introduced a typology of B2B platforms and their characteristics.
Before analysing the contribution, the five sub-types of B2B platforms can have for
enhanced business and regional resilience, the next chapter discusses the concept of
resilience.

3 A Resilient Economy: Conceptual Remarks

The Corona pandemic made—at least temporally—certain economic activities
obsolete. Similarly, natural disasters, regulatory measures and long-term changes,
such as digital transformation, all have significant implications for the economic
development path of an entity. When businesses and regions are confronted with
such “‘system-wide’ shocks” (Martin, 2012), they have to react to this changed
situation. Both in business management studies (Hamel & Välikangas, 2003; Starr
et al., 2003) and in economic geography (Martin, 2012; Martin & Sunley, 2015),
scholars argue that the resilience of a company or region is detrimental to how it
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emerges from such a crisis. This paper takes the concept of “resilience” as an
analytical background to discuss how B2B platforms can contribute to the resilience
of an entity.

Martin and Sunley (2015) define resilience as “the capacity of a regional or local
economy to withstand or recover from market, competitive and environmental
shocks to its developmental growth path, if necessary, by undergoing adaptive
changes to its economic structures […] so as to maintain or restore its previous
developmental path, or transit to a new sustainable one”. In recent years, “a new
imperative of ‘constructing’ or ‘building’ regional and urban economic resilience is
gaining currency” (Ibid.). For example, at least since 2015, the political debate in
Germany and the European Union is fuelled by considerations of how Europe, in
light of an increasing dominance of tech companies headquartered in the US and
China, could regain its digital and technological sovereignty (e.g. BDI, 2020b;
BMBF, 2020; BMWi, 2015; BUSINESSEUROPE, 2020; European Commission,
2020) or even “strategic autonomy” (Michel, 2019)—two concepts strongly linked
to resilience.

However, resilience should not only be discussed with regards to regions, but
each single economic entity must be resilient and will thereby contribute to a
region’s resilience. Starr et al. (2003) define enterprise resilience as “the ability and
capacity to withstand systemic discontinuities and adapt to new risk environments”.
In the globalised world, companies are—e.g. due to globally integrated value chains
and the just-in-time production—exposed to a high degree of “interdependence
risk” (Ibid.), meaning that a single company cannot control all potential risk vectors
on its own. Hamel and Välikangas (2003) stress that companies need to be in times
of crisis “as efficient at renewal as they are at producing today’s products and
services”. Henceforth, companies following the resilience-paradigm have to be able
to constantly adjust to changing circumstances by possessing the willingness to
accept the necessity to change, quickly innovate and even adapt the entire business
model.

4 B2B Platforms’ Contribution to a Greener, More
Resilient and Future-Proof Economy: Five Case Studies

The capacity to renewal and change is crucial for both regions and enterprises to
economically prosper. Based on an analysis of studies on B2B platforms, the
following sub-chapters discuss how the five types of B2B platforms introduced in
Sect. 2.1, namely IIoT platforms (Sect. 4.1), data transaction platforms (Sect. 4.2),
marketplaces (Sect. 4.3), logistics and supply chain management platforms
(Sect. 4.4) and B2B networks (Sect. 4.5) contribute to the resilience of platform
operators and platform users.
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4.1 From Condition Monitoring to Predictive and Remote
Maintenance—How Platforms Can Help in Time of Crises

The different types of production machines and logistic devices at manufacturing
sites are generating a huge amount of data that until recently—and in many com-
panies still today—remains unused. This, however, needs to change as the analysis
of data can help to reduce production rejects, costs and downtime. For example,
unplanned downtimes in the process industry alone cost around 20 billion US
dollars annually worldwide (VDMA & Roland Berger, 2018). To this end,
Industrial Internet of Things (IIoT) platforms have been developed.

Industrial Internet of Things (IIoT) platforms “enable the networking of pro-
duction processes, machines and systems or products on the Internet of Things”
(BDI, 2020a). The data generated by machines, such as error codes, movements and
temperature, are recorded and transferred to the cloud, where algorithms analyse it.
Thereby, the current condition of a machine or the status of an entire production
process can be monitored—even remotely (condition monitoring). Thereby,
maintenance staff can—even during a pandemic—monitor the uninterrupted
operation of an entire production site. Based on Artificial Intelligence (AI) appli-
cations, the likely wear of components, and thereby, the probability of machine
downtime can be predicted. To avoid downtime, IoT platforms inform maintenance
staff of required interventions so that maintenance takes place before a defect occurs
(predictive maintenance). (BDI, 2020a; Bender et al., 2020) Consequently, IIoT
platforms are the basis for Internet-based services, as they serve both as the basis on
which new services and products are developed and the channel through which
services and products are made available (Bitkom, 2018).

Besides remote condition monitoring and the reduction of downtime, IIoT
platforms generate significant advantages for both platform users and operator.
Sixty per cent of companies operating on an IIoT platform experience an increase in
productivity and revenues, combined with cost reductions within three months
(IDG, 2020). Moreover, companies utilising IIoT platforms can save up to 20% of
production and quality costs, can reduce complexity costs by up to 60% and can
even save 20 to 30% on maintenance costs (Bitkom, 2018). Operators of IIoT
platforms, on the other hand, strengthen their customer relations, since they no
longer only sell a machine but rather a machine together with a plethora of asso-
ciated digital services via the IIoT platform. Thereby, they can generate additional
revenues. (Haucap, Kehder & Loebert, 2020) Furthermore, by using the data
generated by their customers’ machines, manufacturers can also improve the
engineering of these machines (VDMA & Roland Berger, 2018).

Based on these data, IIoT platforms can help companies to build and run a digital
twin of their production process, which allows the virtual simulation of the real
business processes and functionalities of products and systems. Thereby, they
facilitate business decisions, ideally for all stages of the product life cycle
(DETECON, 2019).

However, the usage of IIoT platforms will only increase if currently existing
challenges can be overcome. Studies suggest that data and IT security protection
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concerns, the fear of lock-in effects, a shortage of qualified personnel and a myriad
of data protocols impede a speedy uptake of IIoT platforms (Bitkom, 2018; IDG,
2020). Consequently, operators of IIoT platforms should refrain from
over-engineering their IIoT platform and rather ensure scalability, usability, relia-
bility and compatibility (Bitkom, 2018; IDG, 2020; VDMA & McKinsey, 2020).

In economically challenging times, cost reductions, means to digitalise business
processes and an attractive, future-oriented product portfolio are paramount to
ensuring a company’s competitiveness. Industrial Internet of Things (IIoT) plat-
forms currently account for revenues totalling three billion Euros in Western
Europe annually; a figure forecasted to grow by an average of 10% per year until
2024 (VDMA &McKinsey, 2020), as one in five companies is planning to invest in
IoT platforms over the coming two years (IDG, 2020). Consequently, German
manufacturing companies, which are globally renowned for their excellent,
state-of-the-art machines, plants, cars and other products, should—in addition to
their manufacturing portfolio—offer data-based value-added services on collabo-
ratively developed IIoT platforms (Bender et al., 2020; VDMA & McKinsey,
2020). Moreover, they also need to make their own business processes smarter by
utilising platform-based digital IoT services. Thereby, they can enhance their
competitiveness and resilience.

4.2 Utilising Industry’s Data Treasure

“As the raw material for the acquisition of information, data is considered to be of
great importance for the (sustainable) economic success of a company” (Spieker-
mann, 2019). However, currently, four in five enterprises fail to monetise their data
(Accenture, 2018). This hesitance to exchange and monetise data results from fears
that competitors could gain valuable insights into the data provider’s business
processes, legal uncertainties emanating from discussions on data security and data
protection, as well as problems in defining the monetary value of data (BMWi,
2020; Falck & Koenen, 2020; Spiekermann, 2019; Trauth et al., 2020). Data
marketplaces, with strong and reliable data usage controls, can help augmenting the
usage and monetisation of data.

Data marketplaces are digital platforms that provide the operational and
organisational framework for simplifying or enabling the exchange of
business-related data beyond organisational boundaries (BDI, 2020a; BMWi, 2020;
Deichmann et al., 2016; Meisel & Spiekermann, 2019). The operator of a data
transaction platform functions as a (neutral) intermediary between those possessing
and those interested in data (BMWi, 2020; Deichmann et al., 2016; Falck &
Koenen., 2020). In addition, the operator provides a governance structure that
minimises, for both data providers and data buyers, transaction costs for trading
data as well as legal uncertainty (BMWi, 2020; Meisel & Spiekermann, 2019;
Spiekermann, 2019).

Moreover, by applying blockchain technology, the accuracy of data exchanged
on these platforms can be ensured, as it provides potential buyers with authorised

96 D. Kempf and S. Heckler



and unalterable information concerning the data on offer as well as transaction
integrity (Accenture, 2018). Furthermore, enterprises but also regional authorities
lacking the necessary resources for analysing and interpreting data, such as AI or
data specialists, can generate value from their data as many data transaction plat-
forms offer such services (Falck & Koenen, 2020; Meisel & Spiekermann, 2019).

Since 70% of companies regard their own data as insufficient to remain com-
petitive, an increasing uptake in the usage of B2B data transaction platforms, such
as data marketplaces, can be expected (Accenture, 2019). Consequently, operating a
data transaction platform can develop into a promising business model, if the
above-stated hurdles are overcome, especially since many companies are in search
of high-quality data generated by other organisations. Estimates suggest that by
2030, the market value of data transacted on data marketplaces will rise to 3.6
trillion US Dollars (Accenture, 2018). Therefore, by exchanging data across with
other market actors, companies can monetise a so far not monetised good. In
addition, by collecting, aggregating, processing and utilising both internal and
external data, companies can optimise and even develop new business models
(Meisel & Spiekermann, 2019).

4.3 Marketplaces’ Contribution to Reducing Costs, Winning
New Customers and Increasing Margins

In Germany alone, B2B e-commerce accounted for 1.3 trillion Euros in 2018
(Statista, 2019) and is estimated to grow by 15% annually (Haucap, Kehder &
Loebert, 2020). While many companies still order by fax (38%) or phone (34%),
increasingly they opt—at least in addition—also for online channels. However,
only 23% order via dedicated B2B platforms and 14% on B2C marketplaces.
Wittmann et al., (2019) These figures are surprising, since applying a fully digi-
talised order process based on a digital marketplace integrated into a company’s
purchasing process can result in cost savings of up to 41% in comparison to a
standardised manual process (Mercateo, 2017).

Marketplaces, retail and manufacturing platforms are virtual places where—
mediated by the operator of the respective platform—business transactions, such as
purchasing, sales and (pre)ordering, are made possible online without changing
between different means of online and offline communication. In contrast to online
shops, on which one seller offers its products, on marketplaces, the products of
various sellers can be ordered. In recent years, many B2B marketplaces have been
established by German companies, mainly of two types, those which offer a
cross-sectoral stock of goods ranging from screws to forklifts and those dedicated to
the requirements of certain industries, such as chemics and textiles (BDI, 2020a).

While 55% of companies regard a partial loss of direct business contacts and
48% reduced revenues as a downside to the utilisation of platforms (Bitkom, 2020),
buyers, sellers and operators can massively benefit from B2B marketplaces. Buyers
can simplify and standardise their purchasing process for certain product groups
when utilising marketplaces (Haucap, Kehder & Loebert, 2020). This is the case,
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since operators of B2B marketplaces provide users with tailored interfaces in order
to facilitate purchasing processes, for example, by integrating a company’s
authorisation processes into the marketplace (Falck & Koenen, 2020). Sellers
benefit from marketplaces as they do not have to invest in their own (digital and or
online) sales channel while simultaneously gaining access to new customers groups
(Wittmann, Seidenschwarz & Pur, 2019). Operators, on the other hand, benefit from
the above-stated growth potential of German B2B e-commerce.

4.4 Reducing CO2-emissions, Augmenting Resource
Efficiency in B2B Logistics

Ambitious targets to reduce CO2 emissions, changing customer demands caused by
just-in-time production, a shift from high street to online shopping, as well as
increased costs require freight forwarders to adapt their business accordingly.
Logistics processes are very complex. Thus, freight forwarders have to permanently
match loads and capacities in light of changing external conditions, such as traffic
jams or new bookings (Haucap, Kehder & Loebert, 2020). Today, logistics pro-
cesses are still very inefficient, as 20% of all road-freight transports in the EU are
run empty (Eurostat, 2020) and even 30% of the volume-based and 42% of the
kilo-based capacity, respectively, remain unused in the air freight sector (Clive,
2020; IATA, 2020).

Since logistic processes are well standardised and thus easily available for
algorithmic analysis, digital logistics platforms are suitable to optimise utilisation of
loading capacity and quality while reducing costs (Haucap, Kehder & Loebert,
2020). B2B logistics platforms are transaction-centred B2B platforms that bring
together forwarders, shippers as well as recipients of goods—with their respective
needs and offers—on a single digital platform (BDI, 2020a). On these platforms,
enterprises can indicate their shipping requirements without having to call several
freight forwarders. The freight forwarders can then make an offer, from which the
sender can choose its preferred one. In addition, freight forwarders can also market
empty loading capacities on these platforms, which potential senders can book
on-demand. As these platforms often integrate payment processes, logistics-related
transaction costs are significantly reduced (BDI, 2020a).

By networking logistics processes, supply and shipping chains become more
transparent, transport chains less vulnerable, and thus, the entire supply chain
management can be optimised for both shippers and forwarders (Haucap, Kehder &
Loebert, 2020). The combined usage of digital platforms and sensors can result in a
truck-capacity-utilisation of 95% (Tagesspiegel, 2015). This ultimately reduces
logistics costs and the amount of CO2 emitted by the logistics sector (BDI, 2020a).
Finally, since the European logistics sector is experiencing enormous growth rates
(Schwemmer, 2019), the speedy uptake of digital tools can help to fulfil customers’
requirements despite a shortage of qualified truck drivers amounting to 60,000 in
Germany alone in 2018 (Spiegel, 2019).
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4.5 Creating Networks to Enhance Resilience

The Corona pandemic illustrated that matching supply and demand is difficult in
times of major supply chain disruptions. While some companies had unused pro-
duction, development or transport capacities, others were desperately looking for
exactly these services. Because of this mismatch, both sides missed vital business
opportunities.

Mirroring the experiences from social networks, business interactions can be
facilitated if companies engage in digital B2B networks. Digital B2B networking
platforms enable efficient, time- and location-independent collaboration between
different market players in a uniform digital environment (BDI, 2020a). B2B net-
working platforms already existed before the pandemic (Ibid.). The
COVID-19-induced disruption of global supply chains though led to the estab-
lishment or increased use of digital B2B networks by German industrial enterprises.
Many of these platforms have a regional focus (BMWi & Plattform Industrie 4.0,
2019; Leipzig vernetzt, 2020; Wirtschaftsförderung Region Stuttgart GmbH, 2021)
and thereby facilitate business interactions especially in times of geographically
dispersed crises. By interacting in a uniform digital environment, companies can
significantly save transactions costs and quickly identify new business contacts
according to their requirements.

When long established and trusted supply chains suddenly collapse—for
example, due to a natural disaster, political upheavals or a health emergency—
companies operating a just-in-time production process quickly experience disrup-
tions. B2B networks, in which spare parts are exchanged, testing and certification
capacities are offered or new business relations can be forged, are of outstanding
importance to mitigate these disruptions and help to maintain continuous business
processes. Besides the positive implications for each business, networks—in par-
ticular, those with a regional focus—can help mitigate economic shocks at the
regional level, and thereby, support employment and economic development.

5 Conclusion: Competitiveness, Eco-Sustainability
and Ingenuity: Digital B2B Platforms’ Contribution
to Europe’s Resilience

Germany and Europe will not gain the required digital sovereignty only with B2B
platforms “Made in Germany”. However, without them, any aspirations for resi-
lience are destined for failure, since B2B platforms are a cornerstone for imple-
menting Industry 4.0 and thus the digital transformation from a product-centric
economy to a model that smartly combines physical engineering with digital
value-added services. Hence, platform operators have to integrate themselves into
value-creating networks by offering products and services together with partners
and simultaneously face competition (Schnittler & Zollenkop, 2019). While plat-
formisation has previously been a major trend in B2C markets, in recent years, a
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considerable number of German companies, ranging from start-ups to SME and
internationally operating large companies, are increasingly developing and oper-
ating their own platforms for business-to-business use cases (BDI, 2020a).

Building on their in-depth (sectoral) know-how, many German industrial
enterprises—especially in the manufacturing sector—maintain their traditional
business model, i.e. the production of machinery and physical goods. Increasingly,
however, they are enriching their product portfolio by offering services and
applications based on digital B2B platforms. In light of shorter product cycles, a
fast-paced digital transformation and the arrival of new competitors, companies
have to exploit the potentials of digitalisation if they want to remain competitive.
Especially in times of (prolonged) crises, companies have to continuously innovate
and even completely change their business model.

The five types of digital B2B platforms analysed in this paper all contribute to an
increased resilience of Germany’s companies—both for operators and users of
digital B2B platforms. The COVID-19 pandemic demonstrates that companies that
had already invested in the development of digital competencies as well as products
and services found it much easier during the pandemic to serve customer needs,
coordinate logistics processes, conduct remote condition monitoring and mainte-
nance and continue purchasing and selling processes (VDMA & McKinsey, 2020).

The potentials of various types of platforms for cost savings as well as for
additional revenues make the speedy uptake of these platforms by all companies of
paramount importance. However, German companies should not wait too long
before investing in the development and usage of digital B2B platforms, as
high-tech companies from Silicon Valley and China are increasingly investing in
the development of digital B2B platforms. As developing one’s own platforms is
quite costly, German industrial companies need to conduct an in-depth market
survey before venturing into the platform economy in order to foster the company’s
resilience and not its economic downturn. (Schnittler & Zollenkop, 2019). Finally,
companies should not underestimate the ecological dimension of utilising or
developing digital B2B platforms. They can help companies to meet politically set
ambitious climate targets and also reduce unnecessary waste of costly raw
materials.

As Martin (2012) argues that regional economic resilience results from how both
companies and political institutions react and adjust to a crisis. “Europe’s political
leaders must support innovative platform-based business models to strengthen
Europe’s economic resilience, make their industrial basis future-proof and harness
the potentials for reduced CO2 emissions”. Consequently, the European Commis-
sion as well as member states’ governments should strive for targeted policy
measures that support the development of a flourishing platform ecosystem in
Europe. Otherwise, regulators could “blight” the development of platforms in
Europe and thereby threaten Europe’s resilience.
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Digital Logistics Platforms—Initial
Approaches to Market Segmentation
in Light of Traditional and New
Providers

Wolfgang Stölzle and Ludwig Häberle

Abstract

Thanks to comprehensive networking possibilities and improved information
flow, platforms present themselves as catalysts of the logistics industry’s digital
transformation. Providing a (digital) infrastructure enables the value-creating
exchange of information, goods, or services between several players, the basis
for the emergence of a functioning two-sided market. It is often startups that
appear as new players in the digital logistics market, not infrequently from
outside the industry and with a pronounced affinity for ICT. Digitization makes it
significantly easier for new providers to enter the market, as entry barriers in the
form of capital-intensive investments in vehicle fleets or warehouse capacity are
eliminated. The market for digital logistics platforms is developing dynamically
and offers a heterogeneous range of services that cannot be clearly defined and
delimited. In addition, there is no meaningful overview of the provider structure.
Platform users are faced with the question of which platform is best suited with
its range of services for specific performance characteristics. This paper
addresses these challenges and aims to segment the service spectrum of digital
logistics platforms. This approach forms the basis for providing shippers,
logistics service providers, platform operators, and investors with a market
overview of the logistics’ digital platform landscape.
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1 Introduction

In the context of Industry 4.0, logistics is an industry that is fundamentally affected
by digitization. In a narrower sense, digitization in logistics raises all players’
questions about which business processes can be changed and how to realize
efficiency improvements (Sucky & Asdecker, 2019). Due to the advancing net-
working and the resulting improved flow of information, platforms present them-
selves as catalysts of digital transformation in the logistics industry. They are often
startups that appear as new players in the digital logistics market, not uncommonly
from outside the industry and equipped with a pronounced affinity for ICT. This
development is because digitization makes it significantly easier for new providers
to enter the market, as entry barriers in the form of capital-intensive investments in
vehicle fleets or warehouses no longer apply.

Different groups of market players meet on digital logistics platforms. By pro-
viding a (digital) infrastructure, platform operators enable the value-creating
exchange of information, goods, or services between two or more players, thus
laying the foundation for the emergence of a functioning two-sided market. This
includes enabling and facilitating transactions via a platform which, as a central
point of contact, serves the supply of or demand for logistics services depending on
the market player and thus reduces transaction costs. On one side of the market,
shippers are the demanders of logistics services. On the supply side, this demand is
served by carriers and forwarders. Very often, independent entrepreneurs with only
one truck and SMEs with a few transport units are to be found, which together
represent the majority of freight carriers in Europe. While both the air and ocean
freight markets have consolidated from the supply side, the European road freight
transport market, in particular, is considered highly fragmented given a large
number of small market players with over 300,000 carriers (Riedl et al., 2018). This
opens up the potential to link a large number of individual players and consolidate
transports across companies. Platforms fulfill the individual actors’ different and
overlapping needs through the accompanying bundling of supply and demand.
Even though this article focuses on transport platforms in road freight transport,
conclusions can also be drawn for other modes of transportation and logistics
services.

In Germany alone, the logistics industry’s market volume was around 285 bil-
lion euros in 2019 (BVL, 2021). Accordingly, the market for digital logistics
platforms is developing dynamically and offers a heterogeneous spectrum of ser-
vices. This ranges from automated market price determination for logistics services
based on artificial intelligence to transaction-centered freight exchanges that opti-
mize the utilization of transport capacities by matching freight carriers and for-
warders at the network level, to tendering platforms that increase process efficiency
in the awarding of contracts for logistics services and thus reduce transaction costs.
If logistics service providers continue to adhere to their established business models
and neglect digital trends, there is a risk of losing competitiveness in the medium to
long term. Since traditional logistics service providers face the challenge of dealing
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with future-oriented technologies in a competitive market environment and inte-
grating new technologies into their business model, the logistics industry’s digital
platform landscape is highly relevant for both shippers and service providers. The
range of services offered by the market for digital platforms cannot be clearly
defined and delimited. Also, there is no meaningful overview of the provider
structure. Platform users—i.e., shippers and logistics service providers—face the
question of which platform is best suited with its range of services for specific
performance features.

This article addresses this challenge and aims to segment the range of services
offered by digital logistics platforms. This is the prerequisite for providing shippers,
logistics service providers, platform operators, and investors with an overview of
the market. For this purpose, a schematic approach to market segmentation of
digital logistics platforms is derived using the methodology of a morphological box.
The basis for this is the outline of trends in Logistics 4.0 to the evolution of digital
platforms in logistics (Sect. 2). Subsequently, criteria for the segmentation of digital
logistics platforms are defined for platform markets in general (Sect. 3), which form
a basis for the morphological box. Section 4 focuses on describing transaction
mechanisms between the different market players in the various market segments.
The formation of market segments for digital logistics platforms opens the door to
allocating corresponding business models.

2 Evolution of Digital Platforms in Logistics

2.1 Development Traits of the Platform Economy

By providing a corresponding digital infrastructure, digital platforms act as inter-
mediaries between multiple actors and enable interactions between platform actors
(BMWI, 2016). While bilateral business relationships—whether physical or virtual
—can be associated with high transaction costs, the bundling of supply and demand
on digital platforms, combined with standardized handling of interactions, offers the
opportunity to make processes more efficient and thus reduce transaction costs for
all actors (Haller & Wissing, 2018). The central challenge in two-sided markets is
not necessarily the technical implementation (van Alstyne & Schrage, 2016), but
rather the targeted addressing of market needs. For digital platforms, the generation
of positive direct and indirect network effects is the critical success factor (Becker
et al., 2019). These are defined by the fact that the benefit of a platform for its users
increases directly with the number of other platform participants on both sides of
the market. A freight exchange, for example, becomes more attractive for the
individual carrier the more players simultaneously place loading space or loads on a
platform, as more choices for load consolidation mean better optimization potential.
Suppose additional economies of scale accompany the positive direct and indirect
network effects. In that case, platforms can develop monopolistic tendencies at the
expense of other platforms following the “winner takes it all principle” (Haucap,
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2020). This circumstance has not yet been observed on the market, given various
platforms in the logistics sector.

In the logistics sector, electronic freight exchanges emerged as early as the
1990s, which can be regarded as the “ancestors” of today’s platforms in logistics.
The technological design options have evolved over the last 20 years thanks to new
basic technologies (Kress, 2018). Thanks to standardized processes, digital plat-
forms aim at generating bundling effects and minimizing transaction costs for all
actors. Since the trouble-free and efficient control of goods flows is at the heart of
logistics activities, the establishment of digital platforms promises considerable
potential, especially in logistics. A roughly sketched application from practice
illustrates this: A digitally handled tendering process initially reduces the effort
involved in the initial search process for potential service providers for shippers. As
the tendering process progresses, both shippers and service providers benefit from
efficient data exchange and information via the platform, thanks to standardized
offer formats.

With regard to the selection process, shippers benefit from a more straightfor-
ward comparison of offers, ideally supported by analysis options on the platform,
which enable an in-depth comparison of individual performance features. In this
way, digital platforms also contribute to an increase in transparency in logistics.
New basic technologies play a central role here, as they enable the creation of
innovative service offerings and business models through appropriate linking
(Klötzer & Pflaum, 2015). The industry is currently focusing on new market players
entering the market with innovative services, given the diverse application potential
in logistics and challenging established providers with their primarily ICT-driven
business models. Logistics 4.0 is proving to be a vital driver of this development.

2.2 Megatrend Logistics 4.0

Benefiting from digitization, the provision of logistics services is now more than
ever characterized by individuality, flexibility, and cooperation. This is accompa-
nied by new communication and data exchange requirements, for example, to react
proactively to deviations by ensuring real-time-based visibility across logistics
chains. To ensure the smooth management of goods flows under these conditions,
platforms are positioning themselves in favor of the market players by providing
adequate services. Their extensive use of digital technologies such as Big Data,
mobile and cloud computing, blockchain, or the application of artificial intelligence
can help to cope with the increase in complexity (Winkelhaus & Grosse, 2020).
These digital technologies form the foundation of the platform economy and are
also a core component of what is known as Logistics 4.0. As a cross-cutting
function for other business areas, Logistics 4.0 plays a central role in implementing
Industry 4.0 by creating the necessary foundations (BDI, 2017).

Logistics 4.0 can be understood as digitally supported networking of value
creation within and between companies (Stölzle & Burkhardt, 2016). The focus
here is on real-time-based data use and interface-free communication within value
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creation networks to simplify coordination and accelerate information flow. The
lack of timely and correct information transmission is currently a weak point,
especially in cross-company logistics processes. It is often only possible to react to
process deviations at concise notice because information on critical events is
transmitted with a time delay. In view of the large number of ICT systems involved,
the system-side connection via interfaces is the key to value creation networks in
order to enable the flow of information between logistics systems in a secure and
real-time-based manner. The transparency created by permanent visibility enables
the implementation of adequate measures, thanks to early intervention options in
ongoing processes, so that cross-company logistics processes become more flexible
and their robustness increases. Since logistics service providers can now integrate
themselves deeply into the value creation processes of their customers on the
system side (Kersten et al., 2017), supplementary planning and analysis methods
are indispensable in order to master the complexity in the provision of logistics
services. Here, digital platforms can contribute to exploiting the opportunities of
Logistics 4.0.

Strandhagen et al. (2017) assume that individual trends of Logistics 4.0 represent
drivers for the transformation and emergence of new business models. Since the
realization of further efficiency potentials at the level of individual players is
becoming ever smaller, the focus is shifting to the higher-level network level in the
light of Logistics 4.0. In this context, the emergence of 4PL service providers is a
development trend toward digital logistics platforms. Neutral 4PL service providers
serve the planning, integration, and control of a client’s cross-company value
creation activities (Saglietto, 2013) without using their own assets. For 4PL pro-
viders, the focus has always been on ICT-based optimization of customers’ logistics
systems. By commissioning suitable (“best of breed”) logistics service providers in
each case, 4PL service providers address a central objective of Logistics 4.0—the
realization of efficiency gains at the network level. Digital logistics platforms can
make a significant contribution to this. Through the cross-company integration of
logistics processes via a platform that all players can access into a logistics solution,
traditional interface problems of different TMS or ERP systems can be overcome,
and processes simplified and partly automated. Thus, 4PL service providers and
digital logistics platforms are united by their focus on cross-company integration,
resulting in efficiency gains and reduced transaction costs for all players in the
logistics chain. This places digital platforms in logistics at the center of the
implementation of Logistics 4.0.

2.3 Development Paths of Digital Logistics Platforms

The considerations that have so far been driven more by concepts need to be
compared with phenomena in logistics practice in order to identify the development
paths of digital logistics platforms. The technological possibilities of digital plat-
forms are said to have disruptive potential in transportation and logistics. Conse-
quently, the discussion about digital logistics platforms and their establishment has
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gained momentum in recent years (Baron et al., 2017). Big Data Analytics is
particularly relevant for improving the route and load space optimization performed
by freight exchanges and digital freight forwarders in the transportation sector. The
complementary use of artificial intelligence facilitates predictive analyses, such as
forecasting transport prices on selected routes. Across all logistics services (see
Sect. 3.1), the use of cloud and mobile computing enables access to data regardless
of location. Accordingly, investments in Logistics 4.0 are increasing sharply.
According to Riedl et al. (2018), between January 2012 and September 2017 alone,
more than US$3.3 billion flowed into startups in the digital transportation and
logistics sector. Among many platform companies, three groups of players can be
identified, shaping the market for digital logistics platforms with different approa-
ches (Obermaier & Mosch, 2019). First, digital technology companies with existing
platform knowledge primarily from the B2C environment. Second, industry-
established companies are driving digitization in order to survive on the market
themselves. Thirdly, startups with new and often specialized service features.

The range of services on offer reveals various market trends. In the tradition of
electronic freight exchanges, marketplaces as transaction platforms usually aim to
generate efficiency benefits, for example, by optimizing route utilization. Tendering
platforms already start in contracting services from customers to logistics service
providers and aim to improve the transaction process, focusing on reducing
transaction costs between the players. In recent years, digital freight forwarders
have established themselves on the market by founding numerous startups, which
position themselves in direct competition with traditional freight forwarders. In
most cases, not equipped with their own assets, these platforms themselves access a
network of transport companies made up of a large number of market players who
themselves often operate only a few transport units. The example of the European
market leader in freight exchanges, Timocom, can be used to show development
paths over a longer time horizon. The company, which today has more than
135,000 users, was founded in 1997, and initially focused purely on an electronic
freight exchange on the brokerage of cargo and freight space on the spot market,
each posted for specific routes at a specific time. Today, digital freight exchanges
have long since become an established way for logistics service providers to
facilitate the cross-company optimization of transports. With the growing number
of users, the range of services has expanded to include more than just the pure
exchange function, which more than 20 years after its founding also includes the
brokerage of warehouse locations. Besides, numerous other services have been
established through big data analyses, such as a tool for calculating transport costs
or a transport barometer, which shows the supply situation on the transport market
via the ratio of freight and loading space capacities. In addition to the spot market,
the contract market is also addressed so that recurring transports can be awarded via
a tendering tool. Startups in the market usually pursue a radical technology focus
and aim to use predictive analytics with the use of artificial intelligence and Big
Data analytics. This tendency can be seen in all logistics objects, starting with full
loads, partial loads, and general cargo.
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Even though Rauen et al., (2018) expect the digital platform market to con-
solidate into a few large providers over the next few years, it is still highly frag-
mented in the logistics sector today. Dominant market players have not yet emerged
(Obermaier & Mosch, 2019). In view of the high market dynamics due to newly
emerging players and constantly evolving service offerings, many (potential) cus-
tomers lack an overview of the market segments covered and the functioning of
individual platforms. Whether shippers or logistics service providers—for users, the
ideal platform’s question is often (still) associated with question marks because no
systematic, recognized clustering of offerings and market segments is available.
Platform operators would also benefit from market segmentation in order to gain an
overview of their positioning on the market and to be able to evaluate the range of
services offered. Ultimately, financial investors should also have a great interest in
forming comprehensive performance profiles of individual platforms to better
assess the opportunities and risks of their investments.

3 Market Segmentation of Digital Logistics Platforms

Market segmentation requires criteria that can be used to distinguish digital logistics
platforms’ services from one another. Based on existing digital platform segmen-
tation approaches in other areas, developing a framework geared explicitly to digital
logistics platforms for their market segmentation is on the agenda. Initially, the
focus will be on traditional logistics services, the quasi-corresponding object of the
platforms from the real goods economy’s perspective.

3.1 Segmentation of Logistics Services

Because of its cross-sectional nature and system-relevant function, logistics serves
various industries, customer segments, and requirements. Accordingly, the logistics
market is characterized by a significant heterogeneity of service features. Seg-
mentation allows market players to gain a transparent overview of market segments
by forming individual homogeneous submarkets. From the perspective of logistics
service providers, this is a prerequisite for adequately addressing customer needs.
Logistics service providers are not only in horizontal competition with other
logistics service providers but also with their shipper customers, who can weigh up
between in-house and third-party production of logistics services. Thus, this
competitive situation represents both a particular feature and a challenge for market
segmentation (Hofmann & Wessely, 2009).

In principle, various criteria are available for segmenting logistics services
(Mathauer & Hofmann, 2020). For example, the overall market can be delineated
by the type of transport mode (truck, rail, ship, air). The type of goods (e.g.,
pharmaceuticals) or a delimitation by logistics objects (general cargo, CEP, FTL…)
represent further segmentation criteria. The segmentation of Kille and Schwemmer
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(2012) offers an orientation to the services available in the market and distinguishes
13 different logistics segments. All approaches to segmenting logistics and freight
markets in the literature have in common their sole focus on physical logistics
services.

Platforms aim with their service promises at the efficient networking of supply
and demand to reduce the transaction costs of the market players through bundling
effects—as is the case with classic logistics service providers. In contrast to these,
however, market access often differs in understanding its core service. While
logistics service providers view their core service in terms of (physical) logistics
service provision and develop market segments on this basis, platforms are fixated
on their technological solutions, which are used as a basis for developing market
segments. The service spectra and market segments of logistics platforms cannot be
entirely derived based on logistics market segmentation. Therefore, this paper aims
at integrating the service spectra of platforms as well. This increases the number of
possible segmentation criteria. Consequently, a focused selection of individual
suitable segmentation criteria for developing a framework is to be identified to
segment the market of digital logistics platforms and reflect it by logistical service
categories. This should result in an overview of the market segments in which
digital logistics platforms are active, where overlaps may occur, and in which areas
a service offering may still be lacking.

3.2 Segmentation Criteria for Digital Logistics Platforms

From the perspective of platform users and operators, segmentation approaches
focus on a specific platform market aspect. Users are confronted with the challenge
that it is often unclear which platform is suitable for which purpose and which
services a platform addresses market segment. The identification of segmentation
criteria specifically tailored to the digital logistics market provides a basis for this.

Since individual providers’ enumeration is neither structured nor actionable, the
formation of superordinate categories of the relevant service features may help
distinguish or group providers from one another systematically. In principle, there
are various approaches to this. A cross-industry look at other markets opens up the
possibility of identifying segmentation logic and patterns that can be transferred to
the market for digital logistics platforms. One approach to segmenting digital
platforms is provided by Evans and Gawer (2016), who distinguish between generic
platform types. These can be divided into two overarching approaches, which differ
in how platforms place their services on the market. Accordingly, the design can be
transaction-centric or data-centric. In the case of transaction platforms, the focus is
on the function as an intermediary between two market sides.

The platform enables the realization of transactions by bringing together various
players in a digital marketplace. In contrast, data-centric digital platforms are pri-
marily concerned with data-based networking, whereby a (digital) ecosystem is to
be created by linking complementary products. According to Evans and Gawer
(2016), most digital platforms fall into transactional platform forms, accounting for
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around 90%. In addition to the three categories described above, digital platforms
can also be evaluated and classified according to their degree of openness (van
Alstyne et al., 2016). The more open a digital platform and its underlying infras-
tructure is to producers and customers, the more influence and scope for action the
respective actors have in their actions. In an open platform, the platform operator
exerts less control, which favors user numbers’ growth.

In contrast, a closed approach can positively influence the quality of the offering
through the platform operator’s control. A pronounced technology focus often
drives the business models of startups. In digital platform business models, a
so-called basic technology usually represents the fundamental foundation for the
market’s solution’s functionality. Individual base technologies such as cloud
computing or artificial intelligence are defined as categories into which individual
platforms are classified according to their dominant base technology. Thus, the type
of technology represents a different approach to differentiating digital logistics
platforms’ service offerings (Schwemmer et al., 2020). In practice, it can be
observed that cloud and mobile computing often form the basis of many platform
operators. Individual technologies can also be combined. In principle, any number
of new “technology categories” can be formed from the many possible techno-
logical combinations.

To map the market segments served by logistics platforms and to be able to
distinguish individual platform forms from one another, the service spectra of the
platforms must be taken into account, in addition to the logistics service categories.
For users, the first question is what scope of services a platform offers. This can be
very specifically geared to a niche or can also represent a complete service that, in
addition to the core service, may also include other services such as real-time-based
shipment tracking or payment processing. These practical questions about the range
of services offered by a platform will be taken into account in the development of a
framework. This framework is based on an overview of relevant segmentation
criteria that are important for digital logistics platforms (see Fig. 1).

Various perspectives are incorporated into the criteria to view logistical service
categories and platforms’ functional structure. As classic criteria from the seg-
mentation of freight transport markets, the distinction between the mode of trans-
port and logistics object is central to the physical provision of services. With
general cargo, partial, and full loads, and the highly demanding logistics objects of

Fig. 1 Overview of relevant criteria for segmenting digital logistics platforms
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dangerous goods and thermal freight on the one hand, and the various modes of
transport, there are a wide variety of combination options to choose from. Con-
cerning the reach of digital platforms, these can be differentiated according to their
geographical scope. Since there is considerable scope for the functional design of a
platform between supply and demand and positioning as a one-stop store, trans-
actions via different platforms vary in terms of their transaction depth and the extent
to which the platform provider assumes liability. The latter can be fully assumed,
analogous to a traditional freight forwarder’s performance, or completely excluded.
This results not only in differences in the coverage of the type of business, which is
geared to the spot or contract market, but also in the underlying pricing models for
the user groups. The respective characteristics of the individual segmentation cri-
teria are specified in Sect. 3.3 and summarized in a morphological box.

3.3 Framework for Market Segmentation of Digital Logistics
Platforms

The segmentation of digital logistics platforms can be derived using a
market-oriented framework, whereby individual market segments of digital logis-
tics platforms can be identified and differentiated from one another. A morpholog-
ical box is used as a methodological tool (Schawel & Billing, 2012). This creativity
method is mainly used for the systematic analysis of complex problems. The core of
the morphological box offers a multidimensional matrix. With the help of which the
totality of a topic (in this case, the entire digital platform landscape in logistics) is
broken down into partial aspects. This methodology is used to identify individual
platforms’ functional characteristics and then assign them to individual platform
categories. Figure 2 shows the criteria with possible characteristics in each case.

Fig. 2 Morphological box for market segmentation of digital logistics platforms
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Using this predefined matrix structure, the specific configuration of any platform
can be listed. Individual players can be clearly distinguished from one another.
Patterns can be identified, from which, in turn, the market segments of digital
logistics platforms can be derived. As an example, Fig. 3 shows the “matcher” and
the “automator” with both terms chosen strikingly to highlight the respective
platform pattern’s central function. Matchers are characterized by the fact that their
core value to customers is networking with the other side of the market to optimize
transportation resource utilization. Freight exchanges such as Timocom are typical
representatives of this category. Digital freight forwarders, such as Instafreight and
Sennder, mainly fall into the identified pattern of automation providers. Their range
of services is geared to orders that are as standardized as possible in order to be able
to automate the processing of orders as consistently as possible.

In contrast to matchers, digital freight forwarders appear on the market as liable
freight forwarders and offer a distinctive range of services. They aim to be per-
ceived by their customers as a one-stop store. They position themselves as an
alternative to traditional forwarders in the spot market segments FTL and LTL,
which tend to be standardized. Their pay-per-use pricing model is based on the
classic order-based price offered by freight forwarders on the spot market. In
contrast, matchers are characterized by a low transaction depth on the platform. Due
to their ease of use and speed, the flat-rate pricing model fits well with the high
frequency of use daily.

The schematic characterization of individual platforms based on the morpho-
logical box shows that digital platforms focus primarily on standardized logistics
services that can be automated with algorithms’ support. Therefore, FTL/LTL and
general cargo as logistics objects focus more on transaction-centric platforms than
complex orders with customer-specific service adjustments. The more complex and
customer-specific a service, the more likely platforms offer their added value in
matching alone rather than in their function as a one-stop store. Gaps in the market
segments served are revealed accordingly in the case of complete services on the
contract market. At present, platforms do not act as automator here. So far, this
market segment has been addressed primarily by process-supporting bidding

Fig. 3 Identified patterns in the segmentation of digital logistics platforms
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platforms. The focus from the customer’s point of view is less on matching and
more on the efficient awarding of contracts to a selected group of providers.
Nevertheless, the intensity of competition among providers is also pronounced here,
as shown in Sect. 4. Here, we will first examine the individual market players and
consider which transaction mechanisms are used to bring together supply and
demand on platforms.

4 Transactions on Digital Logistics Platforms

4.1 Market Players and Transaction Mechanisms

The following concretization refers to the transport sector, where the demand side
initially includes shippers who do not operate their fleet. Freight forwarders also
buy transport capacity on the market when their fleet is at capacity. Also, it can
make sense for fleet operators not to transport individual shipments themselves in
order to prevent underutilized tours. The pronounced networking of players via
digital platforms favors business models that rely on an asset-light approach, i.e.,
largely do without their own transport units. Digital freight forwarders mainly
pursue this approach and schedule all loads via a network of freight carriers, who
realize the physical handling of transports as cooperation partners. The market
segment of one-stop stores is fed by demand from shippers. Primarily, it is shippers
without their fleet directly addressed by the market segment of one-stop stores. On
the other hand, it can be observed that forwarders and freight carriers use freight
exchanges, in particular as matchers, for internal optimization. Thanks to better
networking of the supply side with the demand side, these offer the added value of
acting as a neutral intermediary, increasing route utilization, or avoiding
underutilized routes.

Transaction mechanisms

The configuration patterns of individual platform types identified based on the
morphological box show that platform-related transactions differ significantly in
terms of scope of services and transaction depth. The matching of demanded and
offered services is a core component of a platform. Marketplaces also generally
offer few or no additional functions. Since they primarily offer users a platform for
buying and selling freight capacity without directly negotiating contracts between
shippers and carriers or directly providing freight capacity, the transaction depth on
marketplaces is low. The primary value proposition of matchers is the generation of
direct and indirect network effects, which is achieved by maximizing the number of
users on both sides of the market, rather than competitive advantages, by optimizing
internal activities (Becker et al., 2019). However, the concrete design of service
offerings and how they come about is the users’ responsibility.

In contrast to the one-stop store of digital freight forwarders, the matcher pri-
marily offers an infrastructure. This includes the provision of a functioning digital
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marketplace where users can post and view offers. Users communicate bilaterally
and not with the platform. Accordingly, the depth of transactions is low and, on the
demand side, often limited solely to targeted searches.

The process-oriented support offered by tendering platforms to shippers and
service providers in negotiating transport or contract logistics agreements makes it
clear that the scope of services does not have to be limited to the physical provision
of services. Within the given platform governance, users have flexibility in pro-
cessing tenders and can configure services individually. By focusing on handling
bidding processes, pure bidding platforms cover the specific aspect of contract
award, which cannot be fully mapped digitally in view of the often high degree of
individualization of value-added services. Tenders via platforms can only be pro-
cessed via a defined standard if, as in FTL or LTL, standardized services and load
carriers are involved. Suppose the focus is on high customer specificity and
value-added services, on the other hand. In that case, a platform takes on a toolbox
and communicative interface for the exchange of tender documents and offers.

In contrast, the one-stop store market segment in the area of transport services
functions as a central contact point for shippers to handle all transport-related
services. The demanders communicate exclusively with the platform itself and use
the platform’s standard process to book transport capacities. The contract is
therefore concluded directly with the platform, which acts as the liable forwarder.
Digital freight forwarders guarantee delivery fulfillment and act actively by pur-
chasing offered capacities on the market. The process also involves little effort for
the offering carriers, as they automatically receive calculated prices that they can
accept or reject.

4.2 Attractiveness of Digital Logistics Platforms
from the Perspective of Market Players

The attractiveness of digital logistics platforms can be derived from the challenges
in individual market segments. What are these challenges, and what added value do
platforms promise?

In the competitive transport market, productivity and quality improvements are
seen as crucial levers for consolidating a company’s own market position and
meeting the requirements of new and existing customers in the future. In view of
the substitutability of individual players for standardized services in the area of
general cargo and freight transport and low barriers to market entry, the existing
cost and margin pressure are intensifying further. These circumstances, combined
with the minimal scope for upward price adjustments, are driving digitization in the
industry. All market players are united by the goal of planning and managing
logistics activities as efficiently and cost-effectively as possible.

On the supply side, freight forwarders and transport companies hope to increase
their route utilization using matcher platforms. Analogous to the function of freight
forwarding cooperatives, capacity utilization is increased by consolidating loads
across companies. They can achieve this by searching for cargo or loading space on
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specific routes involving more players than just their network, thanks to an
increased virtual reach. Shippers without their own fleet are partly targeting other
value propositions. On the one hand, the handling of logistics services is in many
cases associated with a high level of coordination effort because few processes run
as quickly and automatically as booking a flight or an overnight stay on an elec-
tronic booking portal. Irrespective of the actual costs for the provision of logistics
services, the reduction of process-related transaction costs during the commis-
sioning process is, therefore, already a service promise of a platform desired by
shippers. For example, in tender processes, the time-intensive handling on both
sides of the market can be simplified if standards are clearly defined on platforms
and templates are used. By eliminating or at least reducing bilateral coordination,
business transactions can be processed more efficiently, thus reducing transaction
costs.

In addition, platforms help to increase market transparency. In view of the
largely homogeneous services in the transport market, individual providers’ prices
become comparable for shippers. In view of the previous lack of insight into price
formation, price transparency allows shippers to compare their own logistics costs
with market prices and consequently, to work toward a price reduction if necessary.
However, platforms are not perceived as a threat on the supply side per se either.
Many forwarders and carriers are proactively tapping into platforms and appreciate
the flexibility to utilize free capacities as needed at the highest possible market
price. Thanks to the sizeable virtual reach, digital platforms can also open up new
customer segments.

In the long term, platforms offer the potential to connect all players centrally to
their own platform, eliminating the need for customer-specific adaptations in the
area of ICT systems, since the availability of data in the required format is guar-
anteed. The fact that digital logistics platforms, with their possible consequences—
increased market transparency, cost, and transaction cost reductions—address a
market need is demonstrated not only by their attractiveness from the point of view
of the market players but also by the intense competition digital platform market.

4.3 Competition of Digital Logistics Platforms

The platform landscape’s dynamic development in logistics points to pronounced
competition in the industry taking place on two levels: First, between platforms and
established logistics service providers, and second, among the platforms them-
selves, directly depending on the market segments served. If individual platforms
cover different specific market segments, the various providers can coexist in a
competitively neutral manner without addressing the same user groups. The situ-
ation is different when market segments overlap, and there is a high level of
competition between providers, with individual platforms courting the same market
participants. The intensity of competition is currently most significant in those
market segments where logistics services are standardized. In fragmented road
freight transport, this applies to full loads, which can be dispatched to carriers with
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little effort. In the last few years, numerous technology-driven providers have
positioned themselves in this area with Instafreight and Sennder, which have set
themselves the goal of fully automated order processing. Figure 4 illustrates the
typical configuration pattern of digital freight forwarders for standardized service
provision. Based on their comprehensive range of technological services, the focus
is increasingly broadening: digital freight forwarders are also increasingly entering
the market for partial loads. However, the greater complexity of route planning has
so far been a hurdle for automated dispatching based on artificial intelligence. It can
also be assumed that competition will remain intense in the market segment for
standardized tendering processes, not only because new providers are continuing to
enter the market but also because of strategic considerations on the part of shippers
not dependent on a single platform. This also tends to point to a broad spectrum of
providers in the long term.

The capacity utilization potential available for improving route utilization in road
freight transport reflects the generally high intensity of competition in the road
mode of transport. In particular, matcher platforms compete across all logistics
objects, from general cargo to hazardous goods to full loads. Among these freight
exchanges, there is the most significant overlap, as their central resource is the
provision of infrastructure, which aims to link companies. Since the transaction
depth of matchers is low, a wide variety of logistical service categories can be
served with little additional effort in principle. Individual providers are likely to aim
at permanently expanding their range of services and targeting new market
segments.

With Timocom, for example, a dominant player has emerged, which means that
the barriers to market entry for new competitors are now higher. It is, nevertheless,
questionable whether the consolidation of providers observed in other sectors will
be possible to the same extent in the logistics market. Customer requirements are
less standardized overall, and the physical provision of services is much more

Fig. 4 Typical configuration pattern of a digital forwarder based on the morphological box
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customer-specific. Because of the broad range of services on the digital platform
market, the question arises as to which business models will prevail among logistics
platforms in the long term.

5 Business Models of Digital Logistics Platforms—Quo
Vadis?

Platforms create the necessary foundation for implementing digital business models
and are characterized by the fact that they fundamentally offer the structure to
realize significant scale economies. For digital logistics platforms to establish
themselves successfully in their market segments in the long term, their activities
must be based on a sustainable business model (Gassmann et al., 2017). Given the
opportunities offered by digitization, it can be assumed across all industries that
value creation will increasingly be generated via digital business models and will
comprise physical and digital value creation components in an integrative manner.
The right incentives must be set to link the customer groups with each other and
thus trigger positive network effects.

The market segmentation patterns identified as examples show that digital
logistics platforms serve an overall heterogeneous market. To do this, they draw on
different business models, whereby the fundamental differences between individual
market segments must be taken into account. While the spot market primarily
facilitates transactions of standardized services and is primarily tailored to the
freight forwarding market, the contract market focuses on establishing long-term
business relationships. The transaction volumes here are much higher than on the
spot market due to the long terms of several weeks to years. Accordingly, supplier
quality assessment becomes even more critical for the customer before the contract
is awarded. Particularly in the outsourcing of contract logistics services, the com-
plexity of services connected with value-added services can be high, which is why
the transaction depth in tenders via digital logistics platforms is significantly higher
than on the spot market. For both shippers and logistics service providers, stan-
dardized platform structures open up a field of tension in which platforms must
position themselves.

On the one hand, the high degree of standardization of a platform limits the
possibility of creating individual offers, but on the other hand, services and prices
become more comparable. In the case of less complex services without individual
service adjustments, such as the shipment of a general cargo consignment, auto-
mated processing is desirable from the market players’ point of view. Simultane-
ously, a higher degree of interaction is required for complex tenders, which can be
supported by functions such as chats to resolve ambiguities. Since invitations to
tender are often addressed to a selected group of recipients, filter functions should
be provided to enable an invitation to tender to be issued to the public or closed.
System-side connections to TMS or ERP via interfaces are of great benefit due to
their use on a daily basis, especially in the spot market segment on marketplaces.
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However, they are rarely the focus of decision-making criteria in tenders. Even if
tenders are due every several months to several years, the tender contents are
usually similar, so they use templates to reduce the workload.

When deciding for or against a specific platform, users also have to consider the
associated costs to weigh the possible benefits against the costs. Freight exchanges
usually generate their revenue through a license fee. Timocom, for example,
charges a fixed monthly fee for the use of the platform and charges a fee per user.
Another business model is being established by digital freight forwarders who
position themselves to their customers as one-stop stores and, like traditional freight
forwarders, offer logistics services as a core service while also acting as liable
freight forwarders. Compared to traditional forwarders, they promise low transac-
tion costs as added value. On the other hand, their high level of process automation
based on the use of artificial intelligence should reduce the internal administrative
effort so that digital freight forwarders can operate more cost-effectively on the
market. Current business models are opening up a digital platform market in
logistics, which is being actively developed by some new players targeting multiple
market segments and expanding their range of services to gain market share
(Wyman, 2020). Other players operate (initially) in the niche and successively
expand their range of services. Even though the business models of digital logistics
platforms, like all other business models, are subject to dynamic market conditions,
two development strands can be identified in the platform landscape with cooper-
ative and competitive platform forms from traditional logistics service providers’
perspectives. The new platform companies founded in recent years are predomi-
nantly active in using artificial intelligence and Big Data to achieve a high level of
process automation and forecast how the supply and demand markets will develop
through predictive analyses. In this context, the question must be raised as to
whether previous business models have not been driven too much by a
resource-based approach? It is also an open question of how the new players will
position themselves in the logistics market and the other market players in the long
term. Future analysis and research on this topic should aim to identify a roadmap to
show the digital platform landscape developments in the coming years.
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Industry 4.0 Digital Platforms:
Collaborative Business Models
for SMEs

Nikolai Kazantsev and Ingo Martens

Abstract

Digital platforms interconnect small and medium-sized enterprises (SMEs) to
facilitate their demand-driven collaboration for tendering and manufacture,
which calls for changes in their business models. We define what a collaborative
business model is in the context of SME manufacturing, layout aviation, and
automotive collaborative business models developed during the EU-funded
project DIGICOR (2016–2019) and generalize the collaborative business model
for the ‘platform of platforms’ to support the development of Industry 4.0 in the
European Union. In particular, this model supports SMEs working in ‘lot size of
one’ and circular economy manufacturing.

1 Introduction

Industry 4.0 is a revolutionary paradigm to improve the productivity of industrial
SME clusters in terms of quality, time, cost, and flexibility, as well as human and
machine interaction (Mittal et al., 2020). The implementation of the concept is
promising to enable demand-driven collaborations between suppliers of various
sizes to respond to fast-changing market needs, ever shorter product lifecycles, and
‘lot size of one’ manufacturing (Kazantsev et al., 2018). Although SME suppliers
play an essential role in industrial value creation, they often lack the skills and
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resources to enable digital tools and to use them by undertaking new manufacture
orders (Horváth & Szabó, 2019; Moeuf et al., 2020). Currently, SMEs expect a
lower impact through Industry 4.0 and perceiving the concept as more beneficial for
larger enterprises (Müller & Voigt, 2018; Sahi et al., 2020).

The lack of organizational and managerial support drives the need for SMEs to
work collaboratively and to develop business value together. By working collab-
oratively, SMEs may better utilize their capabilities and explore new opportunities
to make profits (Moeuf et al., 2020; Sahi et al., 2020). At the same time,
supra-national bodies such as European Union and Original Equipment Manufac-
turers (OEMs), such as Airbus, invest in digital platforms which automate the roles
for inter-organizational facilitation, as usually taken by (Tier-1) system suppliers.
These platforms enable interactions between two or more sides (de Oliveira &
Cortimiglia, 2017; Hagiu & Wright, 2015). In manufacturing, multi-sided platforms
interconnect suppliers and customers, which enables their network interaction
(Müller, 2019). From the business perspective, a digital platform in manufacturing
can be defined as

1. an open, participative infrastructure with governance conditions (Parker et al.,
2016).

2. an environment provided by an intermediary to facilitate users’ interactions with
each other (Hagiu & Wright, 2015).

3. a business on the exchange between two or more interdependent groups, usually
consumers and producers (Moazed, 2016; de Oliveira & Cortimiglia, 2017;
Hagiu & Wright, 2015; Müller, 2019).

Digital platforms are expected to have a multitude of potential for SMEs (Müller,
2019; Müller et al., 2020a). Once established, these platforms force SME pro-
duction process redesign by supporting the formation and execution of collabo-
rative business models (Müller et al., 2018; Veile et al., 2020). These are
characterized by the altered business partners cooperation, new organizational
forms, and novel market environments, which imply the growth of the platform
ecosystem (Schmidt et al., 2020). At the same time, the concept of a collaborative
business model is still vague, and there is a lack of examples and no consensus
regarding its definition (Al-Debei et al., 2008; Gassmann et al., 2013; Ibarra et al.,
2018; Müller et al., 2016).

Figure 1 depicts the key in a digital platform ecosystem: producers, consumers,
providers, and an owner.

The aim of this chapter is to define a collaborative business model for SME, to
present the earlier collaborative business models in aviation and automotive man-
ufacturing developed during the project DIGICOR (2016–2019), and to generalize
a collaborative business model for Industry 4.0 Platform of Platforms in the
European Union.
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2 Digital Manufacturing Platforms

Currently, many manufacturing firms have taken steps toward collaborative work
and joined platforms (Constantinides et al., 2018; Huber et al., 2017). In contrast to
traditional downstream contracting in a supply chain, in digital platforms firms are
held together through formal contracting and/or mutual dependency to collabora-
tively deliver work by a technology-enabled environment (Gawer & Cusumano,
2014; Hein et al., 2020). Digital platforms may enable an ecosystem (Baines et al.,
2007), where the value is co-created, but captured separately (Jacobides et al.,
2018), but a broader digital ecosystem may also embrace multiple digital platforms
(Adner, 2016).

Digital platforms provide an environment for information sharing and inter-
connection, which is seen as a central prerequisite to SME participation in Industry
4.0 (Kagermann et al., 2013; Müller et al., 2020b). For instance, collaborative
condition monitoring (CCM)1 enables network participants to increase the service
life of machines, by pulling their transactional data on digital platforms and running
correlation and AI data analysis. Such multilateral cooperation makes partners from
competitors, grows the ecosystem, and enables collaborative business models,
giving access to more jobs, mutual learning, and product mass personalization. Still,
a majority of business models developed for collaborative, network-based work
focus on a focal firm as a single actor (Palo & Tähtinen, 2013). Collaborative
business models for SMEs should allow to better explore platform-driven markets,
benefit from demand-driven collaborations (Doganova & Eyquem-Renault, 2009;

PRODUCERS CONSUMERS 
Buyers or users of 
the offerings 

Creators of the plat-
form’s offerings (e.g. 
apps on android) 

PLATFORM 

PROVIDERS 

OWNER 

Controller of platform IP and arbiter
of who may participate and in 
which ways 
(google owns android) 

Interfaces for the platform (mobile 
devices are providers on android) 

Value, data ex-
change and feed-

back 

Fig. 1 The players in a platform ecosystem (adapted from (VanAlstyne et al., 2016))

1Plattform Industrie 4.0—Collaborative data-driven business models (plattform-i40.de) (accessed
30.05.2021).
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Kazantsev et al., 2018), and comprise together a coherent solution (Palo & Tähti-
nen, 2013). Therefore, a design for a collaborative business model is critical (Morris
et al., 2005; Zott et al., 2011). In order to define a collaborative business model, we
inherit from two definitions:

1. ‘[a business model is] a way to match internal resources of organizations to
external opportunities (Zott et al., 2011).

2. ‘[a business model is] the rationale of how an organization creates, delivers, and
captures value (Osterwalder & Pigneur, 2010, p. 14).

In digital manufacturing, resources are SME production capabilities and
capacities. The external opportunities are large manufacturing orders often dis-
seminated on the procurement portals of OEMs. The collaborative business model
stems from composing capabilities and capacities of SMEs in demand-driven vir-
tual organizations (Afsarmanesh & Camarinha-Matos, 2007), which could be
quickly proposed on digital platforms due to automated order decomposition and
matchmaking (Cisneros-Cabrera et al., 2021). Following the need to revise this
definition in the platform-enabled context of digital manufacturing, we define a
collaborative business model as follows:

A collaborative business model presents a rationale of how two or more orga-
nizations [SMEs] jointly create and deliver a Value [i.e. by composing their
capabilities to match the manufacturing request from the OEM] and capture this
Value, by diving it between the partners [e.g. according to its share in the service
provided].

This paper continues with the description of an EU-funded project, which has
enabled this definition and produced examples of collaborative business models
(a) when a digital platform enables an ecosystem (Baines et al., 2007), and
(b) where an ecosystem embraces multiple digital platforms (Adner, 2016).

3 EU-Funded Project DIGICOR

DIGICOR (Digital Agile Collaboration Across Supply Chains) provides a collab-
oration platform and tools for European companies to create and coordinate col-
laborative networks across the value chain.2 The platform reduces the burden to set
up production networks and collaboration between SMEs,3 by shortening the time
to jointly respond to business opportunities and to enter supply chains of OEMs.
In DIGICOR, manufacturers create calls for tendering, disseminate over the plat-
form, and expect collaborative supplier bids (Cisneros-Cabrera et al., 2021). The
digital platform embraces several subscriptions based on costs for access, use of
tools, duration of access, number of participations in tenders, access to standardized

2https://www.digicor-project.eu/ (accessed 1 April 2021).
3D1.3: Service Concept & Business Model, vf-OS Document Template (https://www.filesusr.com)
(accessed 30 May 2021).
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documents, and operator model. The main scenarios are (1) Free access; (2) Partly
free access; (3) Fully paid access; (4) Pay-per-use access (Fig. 2), cf. Fig. 2.

4 Collaborative Business Models in DIGICOR

While a collaborative business model in aviation represents the sample of a digital
platform enabling an ecosystem (Baines et al., 2007), the collaborative business
model in the automotive industry is the case of a broader digital ecosystem that
embraces multiple digital platforms (Adner, 2016). Following Osterwalder Canvas
(Osterwalder, 2004; Osterwalder & Pigneur, 2010), we describe these collaborative
business models using 9 areas: platform partners, activities, resources, value cre-
ation, cost structure, customer relationship, channels, customer segments, and
revenue streams.

4.1 Aviation Business Model—Digital Platform Enabling
an Ecosystem

Highly customized aircraft products require specific solutions provided by small but
innovative SMEs. The customized aircraft must be designed and produced in a very
short time, which typically requires a demand-driven supply network. To this end,
the OEM, such as Airbus and their SMEs, needs digital platforms to simplify the
setup and management of collaborative production, since extensive risk-sharing

Fig. 2 Subscription concept scenarios
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requirements, complex procurement, and collaboration procedures, rules, and
diversity of IT systems create strong barriers for SMEs to become a first-tier sup-
plier of those companies (Table 1).

4.2 Automotive Business Model: Digital Ecosystem Embraces
Multiple Digital Platforms

The regional automotive manufacturing ecosystem embraces many portals and
forums, which are competing against each other to provide the right type of ser-
vices. Companies in such a cluster are driven by maximizing Overall Equipment
Effectiveness (facilities, time, and material) and increasing performance by
data-driven analytics. A collaboration facilitator is making profits from the suc-
cessful winning of tenders by members of the various forums, and the percentage
payment would be negotiated from the outset of project engagement. A collabora-
tive business model must enable services to be accessible for SMEs distributed
across several platforms (supply side of an ecosystem) so that it increases chances
for SMEs to match with business opportunities. Table 2 shows the business canvas
to justify the use of services to enhance the product offering, where the focus is on
providing shop-floor tools to manufacturing companies and ultimately offering
services to the community.

Table 1 Collaborative business model in the aviation industry

Key
partners

Key activities Value creation Customer
relationship

Customer
segments

Aviation
OEM
Aviation
SMEs
IT
service
providers

Team formation
Workflow
management
(information, data
and documents)
Governance rules
compliance

Tools for SME
integration in
the supply
chains

Networking Aviation SMEs
in the local
region
Aviation SMEs
Suppliers in the
same country
Aviation
SMEsin other
countries

Key Resources
Personnel capacities
IT infrastructure

Channels
All existing
cluster
members have
access

Costs Structure Revenue Flows

Platform hosting, maintenance and operation customer
hotline support

Subscription model (a fixed or
variable annual membership fee,
which depends on the size of the
company)
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5 Collaborative Business Model for Platform of Platforms

The European Factory Foundation4 is an association that encourages the adoption
of digital solutions from the owned digital platform5 to promote interoperability
across the digital systems and industrial platforms through a common, collabora-
tive, and interoperable framework. The EFPF platform interlinks digital manufac-
turing platforms, smart factory tools, and Industry 4.0 concepts to realize and
support a connected and federated smart factory ecosystem of the European Union.
The platform is offered to users through a unified EFPF Portal with value-added
features to hide the complexity of dealing with different platform and solution
providers. At the moment, the business model for EFPF is being shaped by two
additional cases of collaborative value creation.

Case 1: Lot Size One in Furniture Manufacturing:

The production of lot size of one products requires the transformation of conven-
tional supply chains to enable partner search and task assignment for a specific
project, monitoring and coordination of manufacturing, and real-time supply and
delivery planning. New customer channels, such as hospitality industry, require an
integral transparent service of furnishing and decoration. EFPF is expected to
support this case in the collaborative business model.

4https://efactoryfoundation.org/ (accessed 09.05.2021).
5https://www.efpf.org (accessed 09.05.2021).

Table 2 Collaborative business model in the automotive domain

Key partners Key
activities

Value creation Customer
relationship

Customer segments

OEMs
Automotive
SMEs
IT service
providers
Exisitng
digital
platforms

Provision of
cloud—
based
services

Manufacturing
toolkit
Collaboration
facilitation
Data-driven
collaboration
support

Networking Launch:
Automotive SMEs
Thereafter:
aviation, shipping
and broader
manufacturing

Key
Resources
Algorithms
to interpret/
find trends
Domain
knowledge,
expertise

Channels
Strategic
partnership with
machine
providers
Industry portals
Web adds

Costs Structure Revenue Flows

Data is not available Initial trails for free, pay upon
demonstrated success
After initial customers, no free trialsAfter
initial customers, no free trials
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Case 2: Agile Supply Networks in Circular Economy:

Waste tracking, tracing functionality, and zero lag in material transition phases are
new requirements behind circular economy trends for EU-based SMEs. Therefore,
companies require services for negotiating waste collection, management, and
purchase-back of the processed/recycled material by the manufacturing companies.
Multi-sided manufacturing marketplace could enable new business opportunities
that enable SMEs to take part in closed-loop supply chain activities. EFPF is
expected to support this case in the collaborative business model.

Table 3 visualizes the business canvas of the collaborative model of SMEs
working on the platform of platforms.

6 Conclusion

This chapter presented business models for collaborative tendering and manufacture
used in the EU-funded project DIGICOR. We defined a collaborative business
model, presented collaborative business models in the aviation and automotive
sectors, and generalized a collaborative business model for the platform of plat-
forms which is currently built in the EU to support the expansion of Industry 4.0.
Further work is needed to specialize the generalized model.

Table 3 Collaborative business model for the ‘platform of platforms’

Key partners Key activities Value creation Customer
relationship

Customer
segments

OEMs from
all industries
SMEs from
all industries
App providers
Sustainability
experts
Organisation
for Economic
Co-operation
and
Development
European
Union

Provision of cloud
manufacturing
services

Full stack of
cloud
manufac-turing
tools
SME
networking and
collaboration
tools

Networking Test: Use cases
of EFPF in
aerospace,
automotive,
furniture and
circular
economy
Launch:
EU-based SMEs
from any
industry
Thereafter:
industrial SMEs
from any
country

Key Resources
Data
interoperability
infrastructure
Services for:
Collaboration
formation, IPR
Compliance and
fovernance rules
enforcement

Channels
Industrial
value
chains
Circular
economy
projects

Costs Structure Revenue Flows

Data is not available Data is not available
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Industrial Data-Driven Business
Models: Towards a Goods-Service-Data
Continuum

Kai-Ingo Voigt, Fabian Brechtel, Marie-Christin Schmidt,
and Johannes Veile

Abstract

Current developments and trends in the business environment, like digitalization
or servitization, are transforming industrial value creation logic and especially
business models. Therefore, this study analyzes the impact of data on industrial
business models and how newly emerging industrial data-driven business
models (IDDBMs) can be systematically clustered. Given the novelty of the
research topic, we choose an exploratory study design that consists of two parts.
Firstly, we analyze the body of literature on data-driven business models and
discuss existing clustering approaches, including elemental classifications and
archetype schemes. Using the insights from the analysis of our literature sample,
we develop a preliminary conceptual-theoretical classification framework. In a
second step, we match, adapt, and enrich this initial framework with empirical
data from seven expert interviews, strengthening practical embeddedness and
generalizability. The resulting IDDBM cluster framework consists of six clusters
for IDDBMs that differ in the manner by which data is transferred to the
customers. While business models in the first cluster extensively use data to
improve their product portfolio, in the fifth cluster, data is only used to provide a
service to the customers. Business models in the sixth cluster, in contrast,
generate value with their data alone without any product or service in the
process. Thereby, our model expands the well-established goods-to-service
continuum towards a goods-service-data continuum. Against the backdrop of the
currently proposed service-dominant logic, we propose a data-dominant logic to
sensitize industrial companies for the disruption that is about to influence their
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business models. Therefore, several recommendations are given for corporate
practice to adapt to this uprising new business environment. At the same time,
our model is suited to function as a research agenda on IDDBMs by channeling
and structuring future research efforts into a unified framework.

1 Introduction

Recent developments in markets, consumer behavior, and technology are re-shaping
industrial value creation caused by differentiated, increasingly data-related forces
from multiple sides (Hirsch-Kreinsen et al., 2018; Schwab, 2016).

From the industrial business perspective, the Industrial Internet of Things (IIoT)
is emerging and maturing, while smart devices and applications are progressively
diffusing and increasingly integrated into value creation. This challenges the current
industrial value creation logic, which traditionally takes on a product-oriented focus,
and only recently has begun to set out on its journey towards a “servitization” of its
value proposal (Vargo & Lusch, 2008), while the value of data is still highly
neglected. Following this logic, also industrial business models (BMs) are subject to
severe transformation, eventually forcing industrial companies to react and to adapt
to the newly emerging data-savvy environment. Herein, data-driven business
models (DDBMs) pose a key response to these developments, constituting a lever
for future developments and a chance for disruptive change in industrial settings
(Bouwman et al., 2017).

In the business to consumer (B2C) domain, examples of disruption through
DDBMs are well-documented: Companies like Amazon, Netflix, or Spotify show
exemplarily, how brick and mortar businesses are disrupted by competitors that are
employing data-driven approaches (Cozzolino et al., 2018).Meanwhile, the displayed
inability to react properly to disruptive DDBMs is referred to as incumbent inertia
(Gilbert, 2005). This behavioral phenomenon describes that traditionally successful
companies fail to assess the newly emerging DDBMs correctly, underestimate their
impact, and therefore adhere to their traditional BMs, eventually leading to failure.

In contrast to the well-documented disruptions of DDBMs in the B2C context, the
industrial business to business (B2B) domain has been dragging behind with its
adoption of DDBMs, scarcely exploiting their potentially disruptive impact on the
market structure. However, the well-established value creation mechanisms in an
industrial B2B context are not less affected by uprising societal shifts and trends like
“digitalization” and “sustainability” that initially have triggered disruption in the
B2C domain. Therefore, in a likewise manner, industrial companies must anticipate,
understand, and proactively shape the transformation process towards a data-driven
business environment by adapting their value creation logic and BMs to ensure
future competitiveness (Chen et al., 2012; McAfee & Brynjolfsson, 2012).

Digital platforms and DDBMs play a prominent role in this context, due to the
masses of still widely unused data that industrial businesses are able to generate and
aggregate across value creation stages. This results in new possibilities for
cross-referencing, analyzing, insight generation, and eventually value offering in
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BMs. Industrial BMs that focus on extensively using this data and thereby provide
value for their customers based on data are referred to as IDDBMs. These novel
BMs have the potential to transform and reshape the mechanisms of industrial value
creation and market structures (de Reuver et al., 2018).

Management research has issued fundamental scientific approaches to tackle the
field of DDBMs (Brownlow et al., 2015) and basic attempts regarding IDDBMs
(Endres et al., 2019; Laudien & Daxböck, 2016). However, research is still frag-
mented, since scientific approaches are unnuanced, and only limited niche classi-
fications exist that do not provide a comprehensive guideline for managers to
adhere to, when confronted with the disruptive potential of IDDBMs. Especially, a
holistic, unified classification model for IDDBMs is still missing. This exhibits a
clear lack of understanding concerning the IDDBM phenomenon in the B2B
context. For scientific research, this issues an explicit mandate to develop a unified,
comprehensive, and industry-spanning framework, based on theoretically estab-
lished structures and the perspective of corporate practice at the same time.

The work at hand, therefore, tackles the research question of how IDDBMs can
be classified, clustered, and comprehensively differentiated.

To answer this research question, we synthesize conceptual-theoretical findings
with qualitative-empirical data to distil a systematic IDDBM clustering. Accounting
for the inherent industrial value creation logic, in terms of creating goods and
services, we integrate the “goods to service continuum” as discriminating factor
into our methodical proceeding (Vargo & Lusch, 2008).

Proposing a holistic IDDBM framework, we actively support industrial corpo-
rate practice by shedding light on changes in the value creation logic and upcoming
success determinants in the B2B context. We raise awareness and understanding for
the wide-ranging implications of a data-driven business environment and digital
disruption. This paves the ways for a smooth adaptation of companies to this
emerging phenomenon. Furthermore, our research emphasizes the potential of
IDDBMs and thereby stimulates the transformation of current BMs and the
emergence of novel IDDBMs that generate new value to the customer.

2 Theoretical Background and State of Research

Research in BM innovation has only lately begun to focus on DDBMs. Given the
novelty of the subject, IDDBM research is a fragmented field with several analyses
located in diverse corners of management science. Against this backdrop, only
some first integrative classification attempts of DDBMs can be observed (Hartmann
et al., 2016).

Having a detailed look on DDBMs research, two general streams can be identified
that cluster classification efforts. The first stream concentrates on the componential
level of individual BM elements, whereas the second one sheds light on more
holistic archetypical BM structures. Hence, we refer to the first stream as “DDBM
elemental classifications” and to the second stream as “DDBM archetypes.”
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In order to ensure a comprehensive understanding and eventually to distil a
holistic scheme, we analyze the most prominent classification attempts and research
findings within each stream in the following section. The report detects there is no
holistic, widely applicable, and industry-spanning classification scheme to cluster
DDBMs leaving a specific research gap for our investigation.

2.1 DDBM Elemental Classifications

As far as the individual level of BM elements is concerned, the following research
findings and classification schemes prevail in the context of DDBMs.

Firstly, examining service-based BMs, Kindström (2010) conducts a multiple
case study and analyzes seven cases. The observed companies were all in the
process of shifting from a product to a service-based BM. The developed classi-
fication describes BM elements that were identified to be crucial for companies
during that shifting period.

Focusing on a specific industry sector, Remane et al. (2017) dedicate their
research to digital BMs in the mobility sector. They employ a mixed method
approach based on expert interviews and desk research uncovering 63 BMs for
personal mobility. In five iterations, they deduce dimensions that are suitable to
differentiate between these 63 BMs for each field of the well-known VISOR
framework by El Sawy and Pereira (2013).

Schaefer et al. (2017) limit their research on DDBMs to Industry 4.0 BMs.
Gathering data from a multiple case study of four cases, they identify important BM
elements for each DDBM. After aggregating them, the conjoint elements are
assigned to one of the nine fields, the Business Model Canvas by Osterwalder and
Pigneur (2010) has to offer.

On a greater related level, Brownlow et al. (2015) have created their DDBM
elemental classification to provide companies with a guideline to conceptualize and
implement DDBMs. Their classification was developed examining 40 companies
that were in the process of implementing or transitioning to a BM based on Big
Data. The authors deduce key questions that need to be addressed by companies in
similar situations. Those questions are then summarized and distilled into the dis-
tinctive DDBM elements.

Taking a holistic view on the different elemental classifications and their per-
spectives reveals, they differ in scope and width of research content, for instance,
they regard varying industry sectors or they analyze different phenomena within the
digital transformation. Nevertheless, all approaches share a common logic that is
rooted in the general business model attributes they excerpted. These commonali-
ties include some form of value proposition, elements that describe the value cre-
ation mechanism, and aspects that can be allocated to a revenue scheme. With
regard to the specificities of IDDBMs, the models offer unique aspects contributing
some further individual jigsaw pieces to the general picture, such as “Data Source”
and “Inhibitors” (Brownlow et al., 2015) or “Interface” and “Service platforms”
(Remane et al., 2017).
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2.2 DDBM Archetypes

Taking a greater level of abstraction, the second stream of research deals with
archetypes of DDBMs with the most prominent examples being discussed in the
following.

Exclusively relying on theoretical data material, Endres et al. (2019) conduct a
qualitative content analysis of 1.043 scientific publications. They focus on data
about start-ups and incumbents that maintain BMs within the IIoT environment.
Ultimately, they process their data into archetypes that distinguish four categories
of BMs on a high aggregation level, of which DDBMs represent only a subset.

On a similar aggregation level, Laudien and Daxböck (2016) apply a multiple
case study approach to identify archetypes of BMs that emerge due to the rise of the
IIoT. Their case data stems from expert interviews conducted with representatives
of 11 German companies in the manufacturing sector influenced by the IIoT. Their
comprehensive cross-case analysis reveals three BM archetypes that rely on IIoT
technologies. These archetypes differentiate three levels of impact that the IIoT has
on the firms’ BMs. On the first level, the main transformation occurs in the supply
chain processes. The second archetype encompasses BMs, where the IIoT causes a
redesign of the firm’s value creation logic. On the third level, the entire BM is
remodeled by the IIoT to accommodate for the creation and usage of data.

Hence, Endres et al. (2019) and Laudien and Daxböck (2016) contribute to the
body of research by integrating DDBMs into a larger framework of BMs but do not
actually provide a classification of DDBMs themselves. The following scientific
contributions however, focus on DDBMs and derive archetypes within that domain.

Zolnowski et al. (2016) dedicate their work to analyze the innovation process that
leads to DDBMs and deduce archetypes for the emerging transformation patterns.
Following a multiple case study method, they gathered data from 20 international
companies that have completed the transformation process to data-driven innova-
tions. Applying a morphologic analysis to their case data, they develop two
dimensions to classify the transformation patterns. Along the first dimension, the
beneficiary party is distinguished. The innovation benefits either only the focal firm
itself or also its partners along the value chain. The second dimension distinguishes
the type of innovation, being either a productivity improvement or a value inno-
vation. These two dimensions result in the four archetypes “Cooperative value
innovation,” “Customer-centric value innovation,” “Cooperative productivity
improvement,” and “Company-centric productivity improvement.”

Finally yet importantly, Hartmann et al. (2016) synthesize data from a literature
review and freely accessible qualitative data of 100 start-ups. They apply a similar
methodological approach as Zolnowski et al. (2016). However, Hartmann et al.
(2016) do not focus on the transformation patterns towards DDBMs, but derive
archetypes for data-driven business models themselves. The dimensions used to
differentiate the DDBMs archetypes are “Key activity,” ranging from data aggre-
gation to data generation and “Key data source,” ranging from freely available data
to tracked data. From these axes, Hartmann et al. (2016) deduce the six archetypes,
“Free data collector and aggregator,” “Analytics-as-a-service,” “Data generation
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and analysis,” “Free data knowledge discovery,” “Data-aggregation-as-a-service,”
and “Multi-source data mash-up and analysis.”

The scientific works by Hodapp et al. (2019), Leminen et al. (2020), Remane et al.
(2016), Weking et al. (2018), and Müller and Buliga (2019) also comprise models of
archetypes. However, they only apply for very specific contexts, e.g.,
machine-to-machine communication providers (Leminen et al., 2020), Internet of
Things platforms (Hodapp et al., 2019), US mobility sector tech start-ups (Remane
et al., 2016), or the Industry 4.0 domain (Müller &Buliga, 2019;Weking et al., 2018).

2.3 Synthesis of Perspectives and Research Gap

The overview of current scientific literature on the subject of DDBMs unveils that
scientific research has generated componential and archetypical classifications.
Within this range, the classifications’ focuses include industry sectors, company
types, and other contexts. The following Fig. 1 summarizes the state of research
based on the componential and archetypical DDBM classifications.

Having a detailed look at the state of research reveals that there is no holistic,
context spanning, and widely applicable classification scheme to cluster DDBMs
and especially IDDBMs, leaving a specific research gap. Dissecting complex
phenomena such as DDBMs into smaller tranches and examining those individually
is a relevant first step in generating insights. Building on existing literature that
examines these smaller tranches, however, a following step is to deduce a frame-
work that aggregates the insights into an all-embracing picture. In order to account
for this, we distil a holistic model with a broad validity across contexts.

Fig. 1 State of research of DDBM classifications and research gap
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3 Method

To develop a conceptual framework on how to structure and classify IDDBMs from
a research and practice perspective, the study’s methodology is based on two
columns – a conceptual-theoretical part synthesized with a qualitative-empirical
part.

3.1 Conceptual-Theoretical Part

Initially, scientific literature from the field of Business Management was identified
in several databases ensuring all relevant publications were sighted and the entire
research status quo was uncovered. The author team then extensively studied,
compared, contrasted, and critically analyzed the literature as well as the underlying
frameworks. In a next step, we critically discussed the identified literature in team,
to qualitatively analyze existing research gaps, grasp the research status quo, and
synthesize it in several iterative sessions. In the course of the analysis, several gaps
were identified which current frameworks have left. Based on the existing frame-
works and given literature, the author team then distilled an original concept
addressing the unveiled research and conceptual gaps. We extensively discussed
and evaluated our initial concept against the backdrop of the research status quo and
research question, and accordingly adapted the framework iteratively.

3.2 Qualitative-Empirical Part

Forming the second part of this study, a qualitative-empirical analysis was con-
ducted to add empirical insights, validation, and content to our theory-derived
concept based on qualitative data from corporate practice. This procedure founds
and embeds our IDDBM concept empirically.

Thereby, our exploratory qualitative-empirical study design allowed an open
research approach to cover the entire complexity of IDDBMs, to shed light on their
complex environments, and to grasp individual nuanced differences (Edmondson &
McManus, 2007; Eisenhardt, 1989; Eisenhardt & Graebner, 2007; Yin, 2014). This
approach ensures that relevant knowledge and insights for our conceptual frame-
work could be generated and has proved to be a valuable source for further
knowledge.

The study relies on seven interviews that were conducted between June and
September 2019 with experts from German companies of different sizes and
industry sectors (Eisenhardt & Graebner, 2007; Yin, 2014). All companies suc-
cessfully run their own IDDBM and all experts possess extensive knowledge in the
field. The interview duration varies from 22 to 79 min (average: 46 min). The
companies’ sales volume varies from less than one to approximately one hundred
billion Euro in 2019 (average: 26 billion Euro), and the number of employees
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reaches from 50 to more than 300.000 (average: 126.000 employees). Industry
sectors include automotive, IT and software, mechanical engineering, infrastructure,
and raw materials. Table 1 summarizes the sample characteristics. All interviews
follow a structured guideline, they were audio-recorded, and hereafter transcribed
forming the study’s database.

In a next step, the author team analyzed the qualitative-empirical data against the
backdrop of the research question to generate new insights. The stepwise content
analysis and coding procedure followed the approach of Gioia et al. (2013) to meet
quality requirements in qualitative-empirical research studies.

Merging the findings from the theory-driven and qualitative-empirical analyses,
we match our theory-based IDDBM cluster with the empirical findings. Therein, the
author team initially conducted the synthetization individually, whereupon the
individual results were discussed and improved in team. This process entailed
several iteration loops, which resulted in a rigorous synthesis of theory and
empirical practice constituted in our unified IDDBM cluster, aligning with the
well-known concept of the goods-to-service continuum. The cluster is presented in
the following results section.

4 Presentation and Interpretation of Results

Our conceptual model of IDDBM clustering was created to classify and further
understand IDDBMs in the industrial sector. Herein, among other benefits, one
main advantage is its inherent scale of measurement rooted in the alignment with
the goods-to-service-continuum (Vargo & Lusch, 2008). Our theory- and empiri-
cally- based framework covers the great variety of current as well as prospective
IDDBMs and clusters them into six dimensions. Thereby, it also accounts for
possible further developments and forms of IDDBMs.

Table 1 Characteristics data sample

Interview Position Industry sector Employees [2019;
in thsnd.]

Sales [2019; in
bil. Euro]

Duration
[min:sec]

A Middle IT and software (200–400] (50–100] 22:36

B Lower Automotive (50–100] (10–50] 34:03

C Top Mechanical
engineering

(10–50] (0–10] 49:00

D Top Raw materials (100–200] (10–50] 45:44

E Top IT and software (0–10] (0–10] 67:27

F Lower IT and software (0–10] (0–10] 23:02

G Middle Infrastructure (200–400] (10–50] 79:06
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Generally, the conceptual model differentiates IDDBMs according to the way
they transfer data to the customers, i.e., data combined with a product, data inte-
grated into a service offering, or directly provided in its pure form. The associated
six clusters are presented in the following.

4.1 Product Only IDDBM

As a first group of IDDBMs, we propose a cluster of BMs in which the value
delivery mechanism is solely built upon selling a product, whereas the data is
generated on this product. As a differentiation from further groups, the product-only
cluster does not intend to provide any additional value to the customers through
services or data interpretations. For a product-based IDDBM, data plays a crucial
role, especially for creating innovative products or for continuously improving
existing products. This can be achieved by utilizing data on the products’ usage,
returned by the products themselves or by aggregating metadata on the customers
and their experience with the product.

From an empirical lens, support is given by the statements of expert D, whose
company employs a product-based IDDBM approach:

We mainly provide turnkey facilities at a fixed price. Digitization will not have a huge
impact on this specific business model. Simply because our customers do not request it.
I personally call our products digitally enhanced, as they are ready for retrospectively
implementing data-based services. (Expert D)

4.2 Product with Additional Service IDDBM

In contrast, there are IDDBMs that do not only sell the product and generate data
but also offer additional services, forming the second cluster. Companies within the
second cluster utilize data for the design of additional, complementing services to
the products that capture value for customers. Whereas the product still represents
the main source of value, data and additional services play an ever more increasing
crucial role. Among others, these BMs can frequently be observed in the
automation, the plant engineering, and construction sector. Aggregating and ana-
lyzing data collected from installed or sold products allows rendering additional
services, such as condition monitoring or predictive maintenance.

Expert B explains that they offer a data-based service in addition to their tra-
ditional product business. Therefore, this BM belongs to the cluster product with
additional service:

It usually starts by selling hardware in the first place, following the old-fashioned model.
On top, there is a monthly fee for additional services like condition monitoring that generate
a constant cash flow as long as the service is rendered. (Expert B)
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4.3 Hybrid Product IDDBM

The third cluster is characterized by an equilibrium of product and service relevance
in the IDDBM. Companies with BMs belonging to this cluster do not only create
and capture value by selling products and services alike, but products and services
are equally important value generators in terms of data. Herein, both are funda-
mental for improvements in the value proposition. Against this backdrop, data
gathered by the products may be used for the continuous improvement of existing
services and for the creation of new offers. Data and data interpretations pave the
way for the expansion and improvement of the product and service portfolio.

Expert E hints that within their BM, the two dimensions, product and service
coexist in a symbiosis:

The hardware price is calculated to fit a lower level than usual for industrial products. This
in turn fosters the license fees charged for the associated rendered services. (Expert E)

4.4 Service with Additional Product IDDBM

Furthermore, IDDBMs exist that predominantly comprise data-related services but
additionally enrich their portfolio with products. In contrast to the hybrid cluster,
products play a minor determining role when compared to the provided services.
Accordingly, the products’ raison d'être only bases on their complementary effect
but they also serve as sources for data generation within the offered services.
Subsequently, products may contribute to the improvement of existing services and
the creation of new services offerings.

One expert has described the role of service enhancing products as a part of the
company’s service-oriented IDDBM as follows:

For our service, there are three different quality levels on offer. The annual fee for the
service depends on the functional range. We additionally offer physical communication
modules on our online shop. Customers can mount them on different machines and then use
more functionalities within their service subscription. (Expert C)

4.5 Service Only IDDBM

In contrast, companies could also set up IDDBMs that do not include a physical
product, but generate the entire revenue and all data solely based on services.

The empirical data indicates three different IDDBMs that fall into that cluster.
Firstly, infrastructure-as-a-service can be identified. In this type, the focal com-
pany’s BM focuses on providing and managing infrastructure (and relating data
analyses) for a time- or usage-based subscription fee. Infrastructure may take two
forms: Either physical infrastructure similar to an operator model or virtual IT
infrastructure. Secondly, platform-as-a-service models can be observed. Thereby, a
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platform provider bridges supply and demand, and in so doing, manages the
exchange of data, goods, and services between all actors. Thirdly,
software-as-a-service-models are identified as an IDDBM. In such a BM, service
providers offer their software to users for a license fee instead of a fixed price and
sell corresponding data analyses and data management.

In corporate practice, hybrid forms between the everything-as-a-service
IDDBMs occur:

We manage a platform where users can interact with each other. Our revenue stems from
the subscription fee that we charge our users. In a limited scope, our parental company uses
the platform to offer their own software-as-a–service to the user community. (Expert A)

4.6 Data Only DDBM

Finally, yet importantly, IDDBMs exist that rely neither on products nor on ser-
vices, but data per se represents the sole purpose of value creation: Collecting,
aggregating, clustering, analyzing, and selling both raw data and insights based on
interpretations represents the core of these BMs.

There are three conceivable ways to gain access to external data: Buying them,
generating them, or compiling them, each requiring a different approach.

Firstly, buying data is the most straightforward way to acquire data. Hereby, a
key task is to identify promising data in order to capture value from data that
exceeds the initial invest undertaken for the data acquisition.

Secondly, generating data within a data only IDDBM, a company could offer
products and services free of any charge but retain the data ownership. In this
context, Expert A describes a BM relying on sensors and retrieved data:

Usually for business models, companies are quite conservative. So far, no one is brave
enough to hand out sensors for free and profit off the data and learnings collected this way.
(Expert A)

This procedure also applies to services, e.g., by providing customers with free
infrastructure or a free platform for data exchange. This enables companies to
access a superior user base that paves the way for comprehensive data usage, to
analyze the data, and work with it. However, this approach poses a similar chal-
lenge like buying data: Costs occur either for the data acquisition or for freely
providing the customers with products and services. Therefore, insights from the
data and the profit generated with the data is required to exceed prior investment
and organizational efforts to obtain a sustainable competitive BM.

Thirdly, the last option of data compilation differs from the other approaches in
the significance of the initial invest. Offline and online sources could provide a large
quantity of freely accessible data. Especially, online sources offer the possibility to
compile large datasets using automated programs like web crawlers. In turn,
however, the advantage of lower initial invest comes at the price of a lower data
quality and a challenging process to generate valuable insights.
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Nevertheless, IDDBMs that offer value only in processing and transferring data
are in their infancy in industrial contexts. When it comes to this cluster of BMs,
Expert G accurately summarizes:

I can clearly see a trend pointing towards a purely data-driven value offering. However,
there are so many obstacle to overcome that I cannot see us doing this at the moment
without jeopardizing our competitive edge. (Expert G)

4.7 The Conceptual IDDBM Framework as Synthesis
of Clusters

The above-discussed six individual clusters of IDDBMs can be subsumed in a
holistic IDDBM framework. Herein, they follow a conceptual vertical axis along a
continuum from goods towards services, increasingly enriched with data. On a
horizontal axis, a bidirectional data flow illustrates that data does not only flow from
a value provider towards the recipient but also backwards, paving the way for
advanced data usage and applications.

From a meta-level of observation, the six clusters can be subdivided into three
subgroups: In subgroup I (clusters 1 and 2), the product plays the most prominent
role in value creation, whereas data and services only play a secondary role. In
subgroup II (clusters 3 and 4), in contrast, the product still represents an integrative
part of value offering, being a main provider of data. Therefore, product, services,
and data are of similar value. Subgroup III (clusters 5 and 6) solely focuses on an
implicit dimension with data and services standing to the fore, the product business
widely loses importance in the value offer.

In such a framework, a wide field of current and prospective data applications
and BMs can be accommodated. Figure 2 depicts the proposed framework.

According to several experts, the current distribution of BMs clearly brings
subgroup I to the fore, with the majority of current IDDBMs functioning on a
product-based value logic. At the same time, subgroup II is rising in importance,
since in an industrial context, mixed forms of BMs basing on products, services,
and associated data are emerging, following the trend of servitization and the
service-dominant logic. Thereafter, subgroup III-clustered IDDBMs are still drag-
ging behind, with data-dominant BMs only playing a minor role in industrial value
creation. Therefore, we propose that current IDDBMs and industrial value logic as
of today follows a 60/30/10 rationale, with 60% of IDDBMs falling in subgroup I,
30% in subgroup II, and only 10% in subgroup III. This illustrates a major potential
for data-dominant IDDBMs to be implemented.

However, according to our experts, in this logic an upward trend on the
goods-service-data continuum can be observed. This indicates that IDDBMs
increasingly evolve towards subgroup III and especially the “data only” cluster, and
could therefore in the future gradually reverse the current 60/30/10 rationale.

Following this line of argumentation, prospective industrial BMs increasingly
focus on a data-dimension rather than on a purely product-focused approach. Even
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pure data-broker BMs are plausible, in which industrial companies turn their back
on their traditional product or service business, to compete in a data-driven business
environment. Herein, these companies could neither offer a product, nor a service
based on data, but instead only provide a service with that data. This turnaround
could force industrial companies to evolve increasingly into technology firms.
These developments, however, raise severe basic question for the future of
industrial value creation. We therefore propose the “data-dominant logic” in
industrial value creation as an amendment to the current state of research, adding a
new perspective to the diverse existing concepts discussed in this paper.

5 Concluding Remarks and Implications

5.1 Managerial Implications

From the conceptual and theoretical work in this article, manifold implications for
managerial practice can be retrieved that are presented and discussed in the
following.

Firstly, the article emphasizes the potentials data has for companies and their
value proposition. The findings alongside the conceptual framework could sensitize
managers for the relevance of data in value creation accordingly.

Secondly, this article proposes a transition towards a “data-dominant logic” in
the digital era extending the contemporary “service-dominant logic” perspective,
which has been widely discussed in scientific literature and applied in corporate
practice. The “data-dominant logic” implies that data becomes a value proposition
itself and represents a key lever, whereas products and services begin taking a

Fig. 2 The IDDBM cluster framework
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backseat role dependent on the intensity of data-driven level (as proposed in the
framework). In turn, managers could rethink their value propositions and the
opportunities a transition brings for their companies’ differentiation on their
respective markets. Against this backdrop, data could represent a further stream of
revenue that is highly profitable especially at a large scale given its low variable
cost. Eventually, this has the potential to severely reshape the industrial value
creation logic.

Thirdly, from a holistic BM-perspective, data and thereupon-based DDBMs
represent key levers to create and maintain a competitive advantage in industrial
contexts. Those companies will succeed and have a competitive advantage that are
able to best manage and interpret the data and that are capable of determining the
correct course of action in the context of IDDBMs. Companies could therefore
search for opportunities to reshape their BMs and evaluate strategic options
accordingly. Perceived from the opposite side, IDDBMs may disrupt traditional
BMs, and keeping that in mind, the awareness of managers could be increased for
the dangerous potential a competitor’s IDDBM brings for their own BMs. There-
fore, managers must take adequate and sufficient countermeasures to maintain their
company’s competitiveness in the digital era.

Fourthly, the conceptual work indicates different forms of data-driven levels that
form a maturity process from predominantly product-centered to exclusively
data-centered businesses. The continuum of possible characteristics provides
managers with a portfolio of conceivable strategic actions that they can evaluate
against the backdrop of their own situations and environment, discuss the best
options, and start the comprehensive transition process.

Fifthly, the results point out that the transformation towards IDDBMs requires
vast efforts and investments. Among other things, sufficient personnel is required
just like capacity to undertake the transition to ensure a sustainable success. In
addition, companies need to establish a “data-culture” that paves the breeding
ground for data-driven developments including an entire new way of thinking value
creation and processes.

It is hoped that these insights lead managers to join in sharing our passion for
IDDBMs and encourage them to push and advance IDDBMs so that the
implications could in turn contribute to the ongoing developments in corporate
practice.

5.2 Limitations and Research Implications

In the course of the analysis, several white spots become evident asking for further
research attention. The article at hand only represents an initial effort to grasp and
structure the complex topic of IDDBMs creating a conceptual framework based on
theoretical insights and some first empirical evidence.

It is without saying that research is ought to gather further and more compre-
hensive qualitative-empirical data. In this context, questions of relevance include
but are not limited to the following aspects: Do the propositions and the conceptual
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structure of the “goods-service-data continuum” as well as the “data-dominant
logic” withstand a larger empirical analysis or are there any adaptions required? To
what extent does the conceptual structure really serve to cover all existing forms of
IDDBMs in practice? What does the actual distribution among the BM categories
look like in corporate practice? Learning on these aspects would further help to
understand IDDBMs in their entirety. Analyzing a heterogeneous sample of
IDDBM cases from different countries thereby widens the focus and increases
generalizability. Relying on such a heterogeneous sample would then allow con-
ducting differentiated analyses, for example, differentiated according to countries
and industry sectors. Insights on cultural or industry-specific differences and cor-
responding implications would allow considering these aspects in the IDDBM
creation.

In addition, further research could conduct longitudinal studies and, in so doing,
shed light on developments over the course of time. For instance, analyses could
explore the initiation process of IDDBMs, how IDDBMs then evolve over time,
and whether transformations from product-centered to data-centered can be
observed, as suggested by our results. Against this backdrop, it remains to be
analyzed what the actual drivers and motivators for creating IDDBMs are and
which antecedents for initiating subsequent transformations can be identified.

By including further aspects, research can extend our concept and embed it in its
wider context to improve practical applicability. Firstly, representing the key
determinant of IDDBMs, special attention should be given to data itself. Research
could analyze data forms predominantly used in IDDBMs, for instance, internal
sensor data from machines and externally crawled online data. In this context, it is
of interest how to best gather, aggregate, analyze, manage, and use the data, and
how to set up IDDBMs accordingly. Secondly, IDDBMs could rely on different
forms of value propositions that vary in customer benefit. Future research can shed
light on this aspect, discuss the interlinkage for creating competitive advantages,
and emphasize the relevance. Thirdly, the creation of IDDBMs and wide-ranging
transformations include manifold challenges for companies. Further studies could
bridge our findings with insights on challenges alongside lessons learned on how to
cope with them in order to develop a IDDBM success model.

Finally yet importantly, a clear definition of IDDBMs is still lacking, and in turn,
in some cases a clear differentiation to digital BMs and platform BMs remains
difficult. Hence, research should take the opportunity to clarify the terminology
paving the way for a common and consistent understanding of DDBMs.

In spite of its limitations, the authors hope the article at hand provides valuable,
thought-provoking insights into the new and relevant topic of DDBMs, and, based
on the given research implications, would stimulate further research in this field.
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Realizing New Data-Driven Business
Models by Launching Containers
into the Cloud

Mathias Zink, Victor Naumann, Andreas Harth,
and Alexander Pflaum

Abstract

Data-driven business models are modern ways for innovation in traditional
environments. The vision of the Internet of Things (IoT), by making products
smart and leveraging the data into services, is a modern paradigm of value
creation. A representative case study evolved business models for industrial
containers in the automotive industry into a cloud-based data-driven business
model. This publication outlines the background for industrial containers and
provides insights into the relevant technological architectures. Additionally, the
data-driven business model and the expansion of the ecosystem are outlined.
Thereby this publication enhances the necessary interdisciplinary understanding
of business model research and information science.
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1 Data Enabling Industrial Business Models

The Internet of Things (IoT), big data and data-driven services are changing the
business landscape everywhere. The implementation of IoT technologies in prod-
ucts and the resulting availability of data allow for new data-driven business models
along the lifecycle of industrial products (Porter & Heppelmann, 2014; Prockl &
Pflaum, 2015). Additionally, significant process improvements in the supply chain
based on the systematic evaluation of product and process data can be achieved
(Klötzer & Pflaum, 2015).

Smart product-service systems (Smart PSS) are such data-driven business
models. They can be understood as the purposeful bundling of smart products and
smart services to jointly fulfil customers needs by using data (Valencia et al., 2015).
The objective to generate value from data raises questions at the edge of business
model innovation and IoT solution design:

• Which problem can be addressed by a value proposition?
• How can the necessary data be generated? Which technologies are suited for this

purpose?
• How can data be semantically transformed and how can it be processed to

generate value?

Questions like these are often overlooked in theoretical business model devel-
opment. However, finding answers is essential for realizing new business models by
launching industrial products into the cloud.

The case study of iSLT.NET (BMWi, 01MA17006F) served as an empirical
field to derive exemplary answers to the outlined questions. It provided the envi-
ronment to realize data-driven business models for a network of smart modular
containers in the German automotive industry. The IoT value chain, from inno-
vative sensor nodes to new business models, was prototypically implemented. To
realize the paradigm of data-driven business models, the previous industrial
ecosystem of three stakeholders—an OEM car manufacturer, a supplier of the OEM
and a manufacturer of special load carriers-was expanded by new actors. The
design and manufacturing of special load carriers is a complex process, as they have
to be revised every time a new model/derivate of a car is started. Due to their
specialization to specific omponents and even car series, they are rather expensive
and have little to no reusability. Both the container and the actual good transported
in it are rather valuable, which is decisive for the business calculations later on.
Therefore, the business model development focussed on the bundling of smart
products and services for such special load carriers.
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2 Industrial Scenario for New Business Models

Industrial containers, which exist in various forms (Rosenthal, 2016), can be seen as
central objects in supply chains. Containers are used to transport and protect materials
to ensure the production processes (Raab et al., 2011). Container management can be
seen as a task of supply chain management (Hofmann & Bachmann, 2006).

Containers can be used in generally three different kinds of circuits: internal
closed-loop, cross-company closed-loop and cross-company open-loop systems. In
intra-company closed-loop systems, the system consists of a closed loop in which
containers ensure internal flows of materials and components as in the stocking of
own material supermarkets. In a cross-company closed-loop system, the containers
are used to enable the external supply of material or partly and fully finished
products. Containers therefore regularly leave the company’s boundaries to cus-
tomers or suppliers. They are often moved along defined paths. Examples are
special containers for products from suppliers, which are filled again by the sup-
plier. The third kind of container circuit is a cross-company open-loop system.
There are no restrictions on the flow direction of the containers and the source and
sink vary for the standardized containers. A practical example being the Euro pallet
system (Hofmann & Bachmann, 2006).

A representative setting for the intra-company closed-loop circuits is intense
just-in-sequence material supplies in the automotive industry. Per car, 50–60 large
components are supplied in such intense processes, using special load carriers. Such
special load carriers are unique for each car series and generation and their lifecycle
is limited to the period between start and end of production (Naumann, 2019). The
following figure shows the schematic process and identified problems:

There are potential and cost-intensive risks associated with the container supply
chain process. These risk factors will be explained in more detail using this
cross-company closed loop as an example. The loop involves three different com-
panies. The Container Manufacturer, shown in Fig. 1, is indirectly involved in the
loop. TheManufacturer produces the containers according to customer requirements.
With the transfer to the Supplier, at the top of Fig. 1, the container is then fed into the
recurring part of the cycle. At the Supplier, goods are loaded into the empty containers
and shipped to the OEM. The process involves various operational supply risks. One
example is the insufficient availability of containers due to a lack of transparency and
information for planning. If there are too few, the supplier has to search ad hoc for
alternative packaging options for the shipment that comes with additional costs. If
there are too many, problems can arise with storage capacity for containers and the
high costs increase the capital employed. Therefore, the right number of containers at
the right time is a decisive criterion. Further, the transport of the filled containers may
also cause problems. Delays or even damage to the transported goods and containers
are possible, impacting the just-in-sequence production and leading to costly repairs.
At the OEM’s site, all load carriers must be booked to register the supplied goods. If
the manual process of registration is not carried out correctly, incomplete inventory
will occur, leading to chain reactions of incorrect activities.
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After the material is taken out, the containers are returned directly to the Sup-
plier. A possible hazard can be a transport to the wrong supplier or the wrong
location. In summary, the biggest risk factor in the loop remains the lack of
transparency regarding container movement and inventory.

The recurring part of the cycle lasts as long as the specific product is manu-
factured, at best a few years. As soon as the good reaches its end of production, the
container is no longer needed and becomes a waste. To act in a cost-effective and
environmentally friendly manner, most parts of the containers should be reused
instead.

Upgrading containers to smart products by integrating IoT technologies enables
data collection and its utilization can make container processes transparent, flexible
and more robust (Goldmann et al., 2019). Furthermore, data provides the potential
to help to automate manual activities and thus to minimize the sources of potential
errors.

3 Pillars of Future Container Networks

The container supply chain process can be viewed as a formation with four essential
units (Fig. 2). The three application pillars, the modular, physical container, the IoT
devices and infrastructure and the cloud-based platform are the foundation for
data-driven business models. Each of these pillars holds its own potential for more
flexibility overall in the container supply chain.

Modular Physical Product

The main focus of the modular container design approach is flexibility. The con-
tainer is thus split into a standardized set of components: the base frame, stand,
bracket, bracing and base (Fig. 3). Additionally, special modules can be included
for the interior, if necessary.

Fig. 1 Potential problems (red) are shown in the container circuit between OEM and supplier (and
load carrier manufacturer) (Romer et al., 2018)
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Containers can be assembled according to the mix and match principle. This
modular feature brings great advantages, as the tailored container can be built faster
for the individual needs of customers and specific load types. This results in a
considerable amount of timesaving in development. Besides, it is possible to repair
the containers faster and cheaper and to reuse parts after the container lifecycle.

The modularity enables the container manufacturer to offer different business
models and to adjust prices, for example based on the percentage of reusable parts,
a specific customer returns after the lifecycle.

Fig. 3 Modular concept for a special load carrier presented in the iSLT.NET project (Graßl et al.,
2021)

Fig. 2 Pillars of container networks supporting data-driven business models
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IoT Devices and Infrastructure

The central pillar of the digital container network is the IoT hardware infrastructure,
specifically an IoT device, which is attached to the containers. The IoT device has
to fulfil a subset of the following tasks depending on the use case: identification,
communication, localization and environmental sensing and, since the devices are
mostly battery powered, all of this with as little energy consumption as possible.

3.1 Identification

Identification describes the process of unambiguous recognition of an already
known entity. Unique characteristics, like a barcode, a unique number or various
external appearances are used for identification. Identification is needed so that
other participants of a task know whom or what they are dealing with, for example,
which load carrier was just unloaded.

In the project, a barcode was used for identification, as smart containers had to
be integrated into the daily business of the project partners, where manual scanning
of barcodes is already used to validate incoming and outgoing cargo. In a more
automated process, RFID (Radio-Frequency IDentification) or BLE (Bluetooth
Low Energy) could be used instead. The barcode is additionally used to link the IoT
Devices with the physical containers they are attached to and therefore the actual
goods in the container when referencing the order data. Whenever either a container
or a device is identified, the respective other perspective and the transported good
can be inferred, creating a digital twin of the physical container (Table 1).

3.2 Communication

Radio communication between devices is known as an automated exchange of
information between devices or with a central control centre using different access
networks (Boswarthick et al., 2012).

Many different radio communication technologies with different characteristics
exist (Fig. 4). However, there is no single “optimal” technology that has it all: high
data rates, low latency, long-range reception and low energy use. In addition, there
are restrictions regarding energy consumption for data transmission and frequency
to comply with in Germany. Thus, one or two suitable technologies should be
selected per use case to approximate the requirements. Each increases the cost,
complexity and energy consumption of the device (Table 2).

Table 1 Deployed
identification techniques in
the project

Identification

Barcode

LoRa
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Different technologies vary regarding all those parameters making it inevitable to
prioritize or combine different approaches to fulfil all requirements (Table 3).

For iSLT.NET, reception range and power consumption were prioritized over
data rates and latency, as the considered container cycle process is not as time
critical. For this reason, the LPWAN (Low Power Wide Area Network) technology
LoRa using their low power LoRaWAN protocol was selected. The group of
LPWAN technologies is able to send very small data packages over long ranges
with very little power consumption.

LoRa was chosen over comparable options as the technology had bigger market
visibility at the time of selection, and therefore also a bigger variety of device
manufacturers available. It also is mainly available in a private network structure,
which was another prioritized requirement, due to the high data protection regu-
lations of the partners. In the end, the partners installed their own
antennas/gateways and the servers were hosted internally.

One of the limitations of LoRa is its scalability once we reach 1000+ devices
(Haxhibeqiri et al., 2017), but this was not an issue in this*160 container use case.

3.3 Localization

Knowing the position of an object along the supply chain, where it currently is,
where it came from and especially where it was at the time of a specific event, i.e. a
sensor reading, occurred, creates a lot of valuable information. Due to its impor-
tance, humankind has already found a variety of approaches to locate objects in a
defined space. Most of them rely on geometric calculations starting from another,

Fig. 4 Criteria for selection of IoT solution in smart product-service systems
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already known location and measuring distances, using for example the travel time
of a radio signal. The most renowned location technique is GPS (Global Positioning
System), which uses satellites (and static base stations on earth) and multilateration
to globally locate GPS-receivers with an accuracy of only a few metres. The idea of
multilateration can also be used with static access points, like private gateways or
cell towers. As radio signals travel with speeds close to the speed of light, the time
differences for transmissions are in the magnitude of nanoseconds. This is why GPS
is more accurate, as those extremely complex and similar expensive satellites can

Table 2 Key questions to select suitable IoT technologies for any use case

Requirement Key questions Typical results

Range What is the average and maximum
distance data has to be transmitted
in the application context?

Average and maximum distances
in metres

Data rate How much data has to be sent out
and in which interval?

Average size and interval of a data
package in byte

Frequency Are there frequency bands, which
are banned due to country or
company policies (e.g. because
they are already occupied by more
critical applications)?

Exclusion of specific frequency
bands and therefore technologies
using this frequency band

Latency How much time is justifiable
between the occurrence of an
event and the arrival of the
message at the server?

Time in seconds

Infrastructure/network
type

Is it needed to control the
complete data flow by setting up a
own (=private) network or is it
possible to use the public network
of a local provider? How many
access points are needed for my
private network, where can they
be installed to cover the full
premise and how much will this
cost approximately?

Cost estimation for both private
and public network usage

Scalability How many smart objects need to
be connected in the business
model?
How many smart objects are
sending data to the same access
point?

Number of smart products overall
and maximum number of objects
in the area of a single access point

Energy demand How long will the device last in
the field without a battery change?
Is it possible to reduce this to a
few months?

Timeline for a recharge or
replacement process. Exclusion of
many communication
technologies if the needed
operating time surpasses a few
months
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differentiate those gaps much better than an average private gateway. The associ-
ated problem with GPS is its rather high energy demand while trying to pick up and
interpret the signals of multiple satellites.

Another and much simpler approach can be used to localize smart devices
locally and needs just one gateway in reach. By knowing the location of a gateway
and the range in which it can receive messages, the position of the object can be
easily derived from the circle with radius = range around the gateway (Table 4).

In the project, a combination of the approaches to localize the load carriers was
applied. All devices came with an integrated GPS module, which determines the
global position of the load carriers in fixed time intervals between 10 and 120 min.
The GPS function was deactivated in a handful of devices to have a reference for
battery runtime and to check how much value this global localization adds.

The gateway affiliation approach was used when the containers reached the
actual production sites of the OEM or the supplier. Gateways with limited ranges of
200–500 m allowed us to infer events like “goods receipt” (see Fig. 1) once the
devices were in the range of the gateway in the receiving area of the production
facility. The accuracy of this approach depends solely on the gateway range,
meaning it’s 200–500 m. This approach is only applicable for a correspondingly
large production area and is prone to errors if the overall process, for example
where to store the containers after they arrived, is not adhered to.

Table 3 Specification of the
used communication
technology LoRa (Bouguera
et al., 2018; Haxhibeqiri et al.,
2017)

Communication via LoRaWAN

Frequency 868 MHz (Europe)

Range Urban: 2–5 km
Rural: 15 km

Data rate up to 250 kbps

Latency 1–2 s

Standard LoRaWAN R1.0

Power consumption <1 mJ per transmission

Scalability <1000 per gateway

Table 4 Deployed
localization techniques in the
project iSLT.NET

Localization

GPS

Gateway affiliation

Table 5 Deployed sensors in
the project iSLT.NET

Sensors

Temperature

Humidity

Inclination/orientation

Acceleration
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3.4 Sensors

Sensors detect and collect chemical or physical properties and convert them into
electrical signals. This creates usable information for further processing. While not
in range of a Gateway, data can also locally be stored on the device until the next
message is sent out or a daily/weekly/monthly update is scheduled.

In iSLT.NET sensors for temperature, humidity, inclination (or orientation) and
acceleration were agreed upon (Table 5).

3.5 Energy Consumption

All of the mentioned tasks of identification, communication, localization and
sensing the environment need energy. While a smartphone, which can also fulfil
those tasks needs to recharge almost daily, optimized IoT devices should be able to
function over months, maybe even years, depending on their application. The most
important feature of such devices is their ability to power down to a minimum level
whenever they are not actively assigned to fulfil a task. In this state of “deep sleep”,
the devices only supply their core functions, so they can retain saved data and wake
up when needed.

The energy consumption for identification and communication depends mainly
on the chosen technology, which sends or receives specific data. The longer such a
transmission/receive window is, for example because a lot of data has to be sent out
at once, the more energy is needed. Low power communication protocols like BLE
or the LPWAN technologies were specifically designed to reduce the amount of
data for each transmission.

The power demand of localization again depends on the used method.
Stand-alone solutions like GPS need a lot of energy, as the GPS module is rather
powerful and needs to be powered on until signals received from at least four
satellites. Other methods use the already integrated communication technology to
infer the location. This not only reduces the complexity of the device, but also
reduces the accuracy of the localization significantly. There are also approaches to
reduce the amount of scheduled GPS fixes, by linking the GPS activation to specific
events, rather than a timer interval. This means that a GPS fix is only scheduled
when the container moves again after some storage time (acceleration sensor) or
when something unexpected, like a big shock, happens.

The energy consumption of the sensors is kind of negligible compared to the
demands of communication and localization, but can still be optimized by powering
down when not needed and using less complex sensors.

Over the course of the project, the GPS functionality reduced the lifetime of the
devices significantly from around two years to a few months (depending on the time
interval of GPS fixes). The increased cost for manually accessing and changing the
batteries in shorter interval has to be taken into account when analysing the
advantages of a more accurate position.
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3.6 Cloud-Based Software

A cloud-based platform analyses and visualizes the data, which is collected by the
IoT Device, allowing for services like condition monitoring, tracking and tracing or
damage reporting. It acts as a data hub, an interface between data and user, and in
addition is used to couple the physical and virtual objects. Making the platform
cloud based allows for easy accessibility and enables the use of handy features
provided by renowned IoT cloud service providers, like Microsoft Azure or
Amazon Web Services (AWS).

The functioning of the three technical pillars (see Fig. 2) can be demonstrated by
looking at a special “shock warning” use case.

The sensors on the IoT Device record the inclination and acceleration of the
containers continuously and send them to the backend in fixed time intervals
(time-based) or depending on other conditions (event-based). When using com-
munication technologies with limited reach, it might also be necessary to store the
data on the device itself for some time, until a gateway is in reach again. Once the
server receives the data, it is compared to given thresholds from legal or contractual
guidelines. When exceeding these, alerts are sent out to given recipients, for
example a service employee. He can then check the exact values and the position of
the container on the platform and prepare for its arrival, by ordering an inspection or
informing the repair team. This reduces the manual work for inspections of every
delivery drastically and allows for much faster and more efficient repairs. It also
gives the involved parties assurance about liability issues, as intensity and location
can easily be reproduced. Liability is an often overlooked aspect, as the parties
normally have to share the cost for repairs and reintegration of the damaged con-
tainers, while all think the damage was the other guy's fault, leading to potentially
damaged business relations.

All in all having condition and location data of containers available on a plat-
form increases the transparency of the container flow a lot. The “live” data of
condition and location of containers can be used to improve the container process in
real time. The historical tracing data can additionally be used to clarify liability
issues and will be used to train machine learning algorithms in the future.

4 Data-Driven Business Models

The roofs of future container networks (see Fig. 2) are data-driven business models
that create value through data from the pillars. Following the established field of
PSS research, especially smart product-oriented and smart use-oriented PSS are
realized using such data. Additionally, from a business model perspective, the
ecosystem expands by new actors.
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4.1 Smart Product-Oriented Product-Service Systems

Product-oriented PSS encompass the traditional selling of a physical product and
the offering of services related to the lifecycle of the product (Tukker, 2004, 2015).
In the described research project, there were some non-digital services developed.
These encompass the repair and maintenance of physical modular containers, which
aspire to extend the lifecycle of the product. Additionally, cleaning and reconfig-
uration of modular containers to new specifications and recycling of components
were services designed. Emphasizing the potential of data in an IoT environment, in
smart product-oriented PSS, the underlying products are smart and the data gen-
erated by these products is the key resource for services related to the product.
Therefore, the smart services based on the IoT data will be described in more detail.

The first service is tracking. It combines identification and localization functions
and ensures transparency along the container circuits during the lifecycle. The
ability to localize allows the tracking of interorganizational container movements.
Another smart service is tracing. This service aggregates tracking data of the past
and thereby enables traceability of containers, which can be especially helpful to
comprehend container movements, usage rates, shortages and the overall capacity
design in the circuits. The next service, condition monitoring, aggregates all IoT
sensor data in a cloud layer, thereby making information on temperature, humidity
or shocks available. Combined with the tracking service, full transparency for
incidents can be provided. Additionally, users can define critical tolerances for
sensor values. If these tolerances are crossed, the service condition monitoring
automatically transmits an even-based warning message to relevant stakeholders
with all the available information. This can help to identify critical stages in the
container circuity and to eliminate processual root causes for incidents. Other smart
services are automatic bookings of container movements and the crossing of certain
processual stages for incoming and outgoing containers from production sites.
A software application analyses the tracking data for containers and documents the
material flows. In case of differences between, i.e. number of ordered materials,
wrong containers or similar events, the service creates warnings. As containers are
continuously listed in accounts for suppliers and OEMs, the time-consuming
comparison of the container account balances can be automatized. Geofencing, an
application for the analysis of localization data in the context of geographic areas,
can enhance the bookings by even providing more detailed analyses for certain
areas of production sites. The service lifecycle captures and visualizes all data of an
individual container along the lifecycle, by combining the data from the different
IoT functions and the other services in a reporting. This can be a closing loop
source for future container developments of detailed sustainability reportings as
CO2 footprints of containers. The most extensive and complicated service is circuit
planning. Additionally to the data captured by the lifecycle service, it analyses the
over-capacity and shortages of containers in the whole value-creation process by
comparing container movements with production planning information. This ser-
vice facilitates the holistic optimization of container circuits.
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4.2 Smart Use-Oriented Product-Service Systems

Based on the product-oriented services, especially the information made available
by such services, smart use-oriented PSS can be realized. In such smart use-oriented
PSS, the ownership remains with the provider. Customers of such business models
benefit from flexible usage through traditional models as leasing, rent or pooling
models. (Tukker, 2004, 2015) While product-oriented propositions are based on the
outlined IoT functions, use-oriented models are based on all four pillars.

As outlined in Sect. 2, the open-loop circuits need a standardized product, which
traditional special load carriers are not. Through the modularization of the special
load carriers, these traditionally individual products can be reconfigured for dif-
ferent customers. The standardization on the level of load carrier components
allows the flexible adaption and provision of load carriers for different customers.
The multi-usability of the components also enables to reuse components multiple
times, thereby shifting the lifecycle perspective of the load carrier towards the
modular components. In such a setting, being able to provide load carriers to
customers is a proposition with different benefits. The traditional owner saves the
initial investment costs for the acquisition of load carrier capacities. Instead, the
carriers are consumed through more flexible business models.

The IoT solution provides data along the lifecycle of the load carrier. Such data,
as outlined in Sect. 3 is enabling the tracking of carriers across the closed-loop
circuits in the just-in-sequence automotive environment. The tracking is the basis
for pricing models, as pay per use, which are flexible ways of renting industrial
goods for use. The OEM and the supplier only pay for the real usage time. Overall
the systemic impact of such smart use-oriented PSS encloses the reduction of load
carriers needed in the automotive industrial system.

4.3 IoT Ecosystem

The importance of business ecosystems has been researched for a long time and
they can exemplarily be defined as “an economic community supported by a
foundation of interacting organizations and individuals—the organisms of the
business world” (Moore, 2006). Moore (2006) describes customers, lead producers,
competitors and other stakeholders as key actors in a business ecosystem. For smart
PSS, the business ecosystem must be expanden grow. By following Paper (2017) in
the development of an ecosystem model for the realization of the IoT services, an
ecosystem was defined for smart containers (see Fig. 5). The ecosystem consists of
all actors needed to realize the business model. The actors can be separated into four
sub-ecosystems: the central sub-ecosystem, the smart product ecosystem, the
application sub-ecosystem and a product-based sub-ecosystem, which are interre-
lated around the customers.

The central subsystem encloses all actors to conceptualize and organize the
business model. These actors cannot be exchanged as solution providers and a
solution integrator develops, offers and implements the smart PSS. Consultancies,
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Financial intermediaries, research institutions and human IoT Interface providers
contribute to the design, support, financing and user acceptance of the smart PSS.

In the application sub-ecosystem, all the technological tasks—as outlined in
pillar three—are managed. IoT Platform provider provides the technical platform
and manages the data. The application developer delivers the necessary software
applications and works closely together with data analytics experts, which generate
the necessary analytics algorithms. Database providers ensure the security and
perform saving of data. Hardware-platform providers deliver, i.e. servers, for the
application sub-ecosystem. Middle-ware providers contribute by developing solu-
tions to integrate the smart containers into existing information systems as well as
their management.

The smart product ecosystem covers all actors, necessary to enhance products to
smart products as the foundation of smart PSS. The distributor ensures the supply of
hardware, as IoT devices to the solution provider and integrator. The producer of
the products provides the physical product, here the containers. Important groups of
actors are the certification role and the standardization role, which have to issue the
required standards and certifications for the use of the smart product in PSS.
Embedded-system providers develop micro-electronical components that can be
integrated by the distributor or the solution integrator. Manufacturers of gateways
contribute the necessary technology to supply the interfaces needed between the
technology layers for continuous data exchange.

Fig. 5 IoT ecosystem for smart PSS business models
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While the product-based ecosystem encompasses the actors that had to be
involved in traditional business models for containers, the number of actors in the
other ecosystems shows the increasing complexity of ecosystems for smart PSS.
Another very important group of actors is the telecommunication provider that
ensures the IoT data transmission.

5 Conclusion

This publication contributes to the business model, smart PSS and IoT research by
outlining the importance of aligning the different disciplines activities. The
importance of applying an interdisciplinary perspective of the coordination of IoT
solution, service and physical product becomes obvious. The research disciplines
must converge their doing in order to leverage the potential of data as enabling
resource for business models. The case study in the automotive industry outlines the
orchestration of business needs, technological capabilities and value creation. It
becomes obvious that the benefits of new business models can only be realized
when an IoT solution is used and the business ecosystem is expanded.

Realizing data-driven business models is a major step towards platform and data
economies and thereby the transformation of traditional value creation. Less than
the physical load carrier, its availability at the right location at the right point of
time becomes data-based value for customers. Traditional manufacturing compa-
nies shift their business model from a product seller towards a solution provider.
Entrepreneurial initiatives following this trend will be seen in the Automotive
Industry and the idea is ready to be transferred to other industries, such as food or
pharma. The technological development of IoT solutions can be described as
dynamic leading to new approaches to gather, transfer, structure and save data. This
will enhance the value propositions of data-driven business models. They can
reduce the number of necessary containers in the systems, reduce the lifecycle costs
and allow optimization of processes. Additional new services fees can benefit the
provider. However, the cost for the three pillars has to be carefully managed.
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If You Go for AI, Be Aware
of the Psychological Hurdles Around It
—Practical and Theoretical Insights
on the Industrial Application
of Artificial Intelligence

Quirin Demlehner, Daniel Schoemer, and Sven Laumer

Abstract

Artificial intelligence (AI) is often seen as one of the main enabling technologies
behind Industry 4.0, especially within the next decade. In this chapter, we reflect
on a frequently neglected type of adoption hurdles, founded in the psychology of
the individuals purchasing, developing, and working with those types of
systems. Within this work, we integrate both insights from the latest scientific
releases on the industrial application of AI as well as our practical experience
from that field to a handy six-point list of psychological key success factors. That
list is supposed to help both managers and practitioners in the field to ensure the
effective deployment of AI within their organizations in the future.

1 Introduction

Along with the introduction of the vision of Industry 4.0 ten years ago, artificial
intelligence (AI) has been postulated as one of the major enabling technologies
behind it (Kagermann, Wahlster, & Helbig, 2013; Müller et al., 2018). And since
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then, it has taken a similar curve regarding its appreciation within both research and
practice (Demlehner & Laumer, 2019; Demlehner & Laumer, 2020b). After
experiencing almost unlimited euphoria in the beginning, in the following years
more and more articles and experience reports featuring rather pessimistic overall
assessments were aired (Mertens et al., 2017).

In 2021, the overall picture has started to become more balanced. Regarding the
potential, research and practice are still unanimous in their assessment that AI is
most likely one of the key technologies for the upcoming decade in order to further
improve manufacturing operations as well as to solve industrial problems that have
been unsolvable until now (Dwivedi et al., 2019). However, they also acknowledge
that the threshold for unlocking that potential is not as low as many people might
have thought in the beginning. Since then, a number of very valuable lessons
regarding what it takes to leverage AI advantageously within an industrial setting
have been learned and also published (Demlehner, 2021; Demlehner & Laumer,
2020a; Webb, 2018; Winkler et al., 2019).

Consequently, most corporations are now aware of the fact that they need vast
amounts of high-quality data to be able to build useful AI models based on that—
and they also know how much time and effort it can take to get to that point (Tubaro
& Casilli, 2019). They are conscient that leveraging AI at scale requires a clear AI
strategy including top-level management support to overcome both functional silos
and individual reservations toward giving up on one’s exclusive access to poten-
tially pivotal data (Webb, 2018). They know that they have to have constant access
to experienced AI experts not only during the implementation process but also for
the maintenance of the models created (Demlehner & Laumer, 2020a). And they
are aware that the initial expectations regarding the comprehensiveness and the
return on investment for many industrial AI use cases might indeed have been a
little bit too optimistic in the past (Cam et al., 2019).

But what most companies are still unaware of is that, even if they align with all
the aforementioned points, in many cases human psychology still prevents AI from
being successfully scaled (Demlehner, 2021). Prejudices, mistrust, and personal
reservations are repeatedly reported as being major barriers for the adoption of AI
within the industrial environment (Birkel et al., 2019). According to two recent
large-scale surveys, only 16 % of the interviewed employees trust AI-generated
results (Webb, 2018) and 45 % fear impending personal privacy infractions due to
the use of AI at their workplace (Cam et al., 2019). In consequence, in many
industries, AI is currently stuck at a one-digit diffusion rate and facing an increasing
number of companies that consciously refrain from using it for the moment
(Winkler et al., 2019).

Therefore, managers associated with the industrial application of AI need to be
aware of the psychologically induced issues and adoption hurdles around that
technology class, especially if they want to foster its diffusion within their orga-
nizations in the coming years. On the following pages, we share a number of
insights on that complex topic. They stem from a collection of different studies and
surveys on that topic as well as the experience gained throughout our practical work
in the field of industrial AI within the last years.
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2 AI for AI’s Sake

Especially in large and historically very successful companies, one is often con-
fronted with a situation in which the management decision to deploy AI is or was
not based on the capability of the technology itself or a specific problem that needs
to be solved but rather on the fact that AI is or was in vogue at that very moment.
When competitors’ marketing departments start boasting with their first (burnished)
successes around the application of AI, resulting in (allegedly) spectacular savings
for the customers, and even politicians announce huge public funding programs for
AI, many executives see themselves forced to stick with the development out there
in the market in order to avoid being possibly accredited with a crucial oversight a
few years later (Demlehner & Laumer, 2020a).

While such a behavior might be understandable from that individual’s per-
spective, it leaves the organization with a high chance of developing costly tech-
nology for which there is no native application domain. In consequence, the AI
model or system developed is not used to solve a year-long nagging problem for
which everyone is happy as soon as it is gone. Instead, it is pushed into environ-
ments where it then cannibalizes the incumbent systems that have painstakingly
been developed and optimized over many years. And in many cases, the initial
performance then even lacks behind the previous system’s, as it is usual for almost
any new system.

The underlying psychological phenomenon behind such a managerial behavior
is called “regret avoidance” within the scientific literature and marks a common
mistake or bias in human decision-making (Lee & Joshi, 2017; Samuelson &
Zeckhauser, 1988). For the affected employees, such hardly comprehensible deci-
sions together with, in many cases, low and error-prone initial performances from
the newly introduced AI-based systems can lead to massive resistance behavior and
mistrust (Laumer & Eckhardt, 2012; Webb, 2018). Further, they often perceive
their past efforts (e. g., for the optimization of the previous system) as losses after
the change, a pattern to which literature usually refers as “perceived sunk costs”
(Lee & Joshi, 2017; Samuelson & Zeckhauser, 1988).

For managers in industry, it is important to be aware of those quite common but
all the more dangerous psychological patterns. They also need to keep in mind that
implementing a change (here in the form of a new technology) without having
created a sense of necessity and urgency among the affected employees first has
barely proven successful in the past (Kotter, 1996; Laumer et al., 2016a). Or to put
it with Cassie Kozyrkov, Chief Decisions Scientist at Google: “Don’t waste time on
AI for AI’s sake. Be motivated by what it will do for you, not by how sci-fi it
sounds.”

If managers anyway intend to deploy AI for strategic reasons, they should
browse for problems within their organization that are well-suited for that tech-
nology class. For starters, within the industrial environment, AI is especially
qualified to solve problems for which the decision patterns are either too many or
too complex to be deterministically modeled but the desired outcome itself is
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clearly definable (Luckow et al., 2018). In 2021, that almost inevitably leads to AI
applications from the area of machine learning (Brynjolfsson & Mitchell, 2017;
Chollet, 2018). Within the same, the resulting algorithms are trained instead of
explicitly programmed, leaving the system with the task of coming up with the rules
itself but also with the need of being fed enormous amounts of data to learn from
(Fig. 1).

A good example therefore is, for instance, the quality inspection for finished
parts or products through pictures made by high-resolution cameras (Demlehner
et al., 2021). In that case, the programmers do not have to come up with a set of
deterministic rules to model the binary outcome on whether a product is ok or not.
Instead, the model learns and trains the rules to itself in a probabilistic approach by
relying on historic data which has been enriched manually with the respective
judgment on whether that particular product or part in the picture does meet the
necessary quality requirements or not. Another good example is the application of
AI to predict upcoming service needs, usually referred to as predictive maintenance.
In that case, an AI algorithm is able to detect patterns, correlations, and depen-
dencies within millions of different historic data points (enriched by the information
on when within that time series the system was running smoothly and when an
unplanned downtime took place) and to predict analog incidences up to 36 h in
advance based on the way the machine data is evolving over time during running
operations (Siemens, 2020a).

Additional to their obvious business value, both these example use cases carry a
fair share of value also for the employees. They either free them from looking at
always the same parts for hours in favor of more value-adding and satisfying tasks,
thereby increasing the overall quality due to the elimination of risks like fatigue, or
significantly reduce stressful phases of unplanned machine downtime. And as they
further tackle problems that quite obviously for everyone deserve solving, creating
a sense of necessity for the change among the affected workers should not be much
of a challenge. Consequently, resistance behavior is minimized (Laumer et al.,
2016b).

Fig. 1 Conventional programming compared to machine learning (Chollet, 2018)
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3 Bias in Data

Data makes up the core of all AI-based systems, models, and applications (Russell
& Norvig, 2016). Hence, irregularities within the data used to create a particular
model usually also corrupt the model itself (Zou & Schiebinger, 2018).

A recent example therefore, which also created a lot of attention within the
media, is the sexist AI recruiting algorithm from Amazon. It was ceased after the
company found out that the model had taught itself that male candidates were
preferable and thus discriminated against female candidates for their gender. It
penalized resumes that included the word “women’s” (e.g., in women’s soccer team
captain) and devaluated graduates from all-women colleges (Maedche et al., 2019;
Schmalenbach & Laumer, 2020). The reason for that was the fact that historic
hiring data had been used to train that model and hence the algorithm had learned
the sexist bias reflected in that data without anyone noticing for quite some time
(Crawford & Calo, 2016).

The not-noticing part thereby is a quite AI-specific problem. It is attributable to
the fact that the vast majority of AI algorithms function as a black boxes for humans
(Ochmann et al., 2021), at least in terms of what decision metrics they teach to
themselves (to the next section for details on that problem). That this problem is
hardly solvable with the currently available technological means, even if a company
has plenty of AI knowledge and vast financial resources, is emphasized by the fact
that Amazon is usually referred to as one of the world’s leading tech and AI
companies of today.

But the underlying problem of bias in data is of course not limited to recruiting
and resume screening algorithms and systems. Also within the industrial context,
contortions within the training data can corrupt the resulting models, and those
flaws might even be harder to recognize due to the higher abstractness of industrial
measurement data. To stick with the two aforementioned example systems, a
typical mistake is to train AI-based visual quality control applications within a
laboratory setting instead of directly on the shop floor. This happens because people
do not want or are not allowed to constantly disturb the running operations as well
as their colleagues within the factory. However, if the data created in that laboratory
setting is then used for training, it typically leads to a misfit between the trained
model and what input that model is then facing in practice because of things like a
different camera position, different lighting, or other unplanned confounders like
vibration (Luckow et al., 2018). That type of filthiness is usually referred to as
measurement bias (Li et al., 2020; Mehrabi et al., 2019).

Another typical issue is the association or representation bias in which the
learned model multiplies an uneven distribution within the data (Lloyd, 2018;
Mehrabi et al., 2019). While that sort of bias could arguably also be the reason for
the Amazon algorithm being sexist (i.e., not because the developers were sexist but
Amazon hired mainly male employees during the phase that the training data
covered due to the general dominance of male graduates in tech degrees in that
time), it can also occur in industrial settings. If the training data only consists of
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data from machine type A in location A and machine type B in location B, the
model will most likely not work for machines from type A operating in location B
because for the trained model that situation simply does not exist. While these two
biases are about half technologically induced and half psychologically induced, a
third typical AI-related bias in data is almost purely psychologically induced.

When the developers and researchers involved subconsciously project their
expectations and subjective opinions on the data or its interpretation, that usually
results in what is called an observer bias within the same (Mehrabi et al., 2019). In
the industrial context, this can for instance happen if they choose to collect data
only from the machines that are working properly or easily accessible in their eyes
and leave out the other ones or vice versa. Also, this is a common mistake during
manual data labeling, especially when that work is done by little-qualified
micro-workers or casual employees (Tubaro & Casilli, 2019).

Again, awareness for those kinds of things is the first step to avoiding them.
Hence, managers as well as other employees involved in AI-related projects should
keep their eyes open for those kinds of psychologically induced hurdles and ensure
that the risk for their occurrence is minimized within their projects.

4 Black Box Nature of AI

Recent AI-based systems, especially within the subfield of machine learning,
achieve tremendous (predictive) quality standards (Luckow et al., 2018). At the
same time, the underlying models increasingly gain in complexity and size.
Unfortunately, they do not learn in the same way as humans do but through iter-
atively adjusting numerical weights (Russell & Norvig, 2016). In consequence, it is
difficult for individuals to understand the underlying reasoning for certain decisions
or recommendations. This phenomenon is usually subsumed under the term “black
box problem”. Black boxes miss providing further information on how decisions
are generated as they cover multiple levels of abstraction that are barely inter-
pretable in a way that is aligned with human thinking and decision-making
mechanisms (Ochmann et al., 2021; Ochmann et al., 2020b).

Prior research has shown that a lack of comprehensibility is detrimental to the
acceptance of AI-based decisions and recommendations by the respective
employees (Demlehner, 2021). The survey by Cam et al. (2019) ranks lacking
explainability fourth within their list of major AI-related issues with 39 % of the
respondents mentioning it (Fig. 2).

This effect is even enforced by the incapacity of most machine learning algo-
rithms to indicate insecurity in such a way as most humans would expect it. If a
traditional visual recognition system is confronted with an item that has not been
part of the training data, it usually decides for that element within the training data
that comes closest to the unknown item (by the model’s abstract parameters, of
course) instead of displaying an error message or at least indicating a high level of
insecurity. Within the consumer world, e. g., when Amazon’s Alexa mistakes your
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command for its exact opposite, such behavior may indeed be annoying (although
in some cases perhaps even funny) but it is not dangerous. However, within an
industrial environment, such habits can result in severe quality issues or even
impose threats to the affected employees’ safety. Therefore, there are currently
methodologies being developed for the industrial context to avoid such dangerous
(hidden) misjudgments. One relatively advanced example therefore is Siemens’
strive to deliver their AI-based applications at an “industrial-grade level”, meaning
with audited algorithms that ensure a maximum of robustness, explainability, and
security (Siemens, 2020b).

But regardless of such endeavors and the fact that many regulatory authorities
and other initiatives have lately started to focus on the transparency of algorithms
and to promote the concept of explainable AI (XAI) on a transcontextual and global
basis (Adadi & Berrada, 2018), at the current point in time, it can not be expected
that those things will become a common standard in the foreseeable future.
Therefore, to overcome that psychological hurdle, which in most cases results in
reduced acceptance and higher resistance rates on the employee side, it is important
for firms to introduce the respective workers into the basic underlying mechanisms
behind the new AI-based system. This leaves AI-related projects with high demands
in terms of preparation and change management measures that should be planned
and crafted before starting those projects.

5 Greater Trust in Human Judgment

Another factor that undermines the acceptance of AI-based systems by the
employees is the widespread belief that human judgment is preferable compared to
a machine-made one (Venkatesh, 2021). Whereas this bias is rather irrelevant for
conventional industrial systems and machinery, the particular shift with AI-based
systems is mostly powered by an evolvement from decision support to actual
decision-making. With many AI-based systems, the human decision-maker, i.e., the
employee, is relegated to playing a secondary role in terms of judgment and
expected to follow the machine-made decision (Venkatesh, 2021).

Fig. 2 Black box decision-making compared to white box decision-making
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That this is not a matter of course for a significant number of employees is
shown by the fact that 19 % of the respondents within the survey from Webb
(2018) report that many times “personal judgment overrides AI-based
decision-making” and hence the expensive system is left unexploited. A similar
phenomenon has been proven many times for different non-industrial contexts
under the label of (human) algorithm aversion (Castelo et al., 2019; Ochmann et al.,
2020a; Venkatesh, 2021). Unfortunately, the underlying psychological mechanism
is completely under-researched as far as the industrial context is concerned.

To deal with that problem within the industrial practice, we have made the
experience that it is of tremendous value to systematically analyze and document
the performance resulting from the (manual or conventionally automated) status
quo at the shop floor before the implementation of the respective AI-based system.
Otherwise, the employees will inevitably compare the new system to a fictive 100
% performance. Also, it allows managers to argue based on objective facts and
figures rather than on authority and their subjective opinion. In most cases, all
involved parties will then clearly see, and hence most likely accept, that an AI
decision/prediction accuracy of, for instance, 95 % falls indeed somewhat short of
the aspired 100 % but is still better than the previous manual performance, espe-
cially when compared to the performance at the end of each shift.

6 Improper Expectations

Inflated performance expectations are not the only improper or unrealistic expec-
tations that AI has to deal with today, especially when it enters the industrial shop
floor. A media analysis from Fast and Horvitz (2016) has shown that the public
awareness and discussion around AI has increased sharply since 2009. However,
they also acknowledge that this discussion is of a rather polarized nature, ranging
from high hopes, especially in the non-industrial fields of healthcare and education,
to a stigmatization of AI as being borderline uncontrollable or a job killer.

With little prior hands-on experience with AI existing until now in most
industrial firms (Webb, 2018; Winkler et al., 2019), the expectations of many
employees today are mostly based on what experiences and impressions they have
made with AI in their private lives. That can be the picture that the aforementioned
public discussion and media have created of AI, but also previous experiences with
consumer products (e.g., AI-based smartphone camera functions, conversational
agents like Amazon’s Alexa or Apple’s Sir, Netflix, or chatbots). Within a previous
study of ours, in which we interviewed 24 automotive blue-collar workers, one
worker stated that his fear of an AI-based system getting out of control on the shop
floor stems from the image that a Hollywood movie from 1984, namely, “The
Terminator”, draws of AI (Demlehner, 2021). This spillover effect of experiences
and opinions from the employees’ private lives to their professional ones is further
enforced by the rather liberal use of the label AI in consumer marketing in recent
years just as well as the term’s rather blurry and undefined nature. The resulting
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improper and unrealistic expectations toward AI repeatedly lead to serious adoption
and acceptance problems (Cam et al., 2019; Webb, 2018).

One particularly common mistake is the lacking differentiation between what
“intelligence” means in connection with machines compared to humans. AI-based
systems are usually extremely good at one particular and specific task, e.g., the
aforementioned “looking” at always the same parts for hours to control for quality
issues. Within the same, they tend to surpass human capabilities far and away and
further feature the absence of things like fatigue and form fluctuations. However,
they completely lack what humans call common sense. To stay with the visual
quality control example, data scientists usually have to train the algorithm with
mirror-inverted versions of the actual training images as well as alternating back-
grounds in order to avoid that the algorithm focuses on in reality irrelevant parts of
the pictures during the learning process—a thing that would simply not happen if
the algorithm would have common sense.

Closely connected to that is the widespread expectation that AI-based systems
should feature a far higher degree of autonomy than conventional ones and thus
reduce workers’ workload and their jobs’ difficulty (Demlehner, 2021). Given the
difference between what AI is currently able to do within an industrial setting
(Demlehner et al., 2021) and what the popular media suggests it can (Fast &
Horvitz, 2016), expectation management among the affected employees is hence
key before launching any new system. And of course, the same also accounts for
management expectations regarding things like return-on-invest and ramp-up time.

Additionally, our aforementioned study revealed another quite remarkable
anomaly regarding the employees’ adoption patterns toward AI-based systems,
namely, an unusually high number of inhibitors, i.e., factors that solely discourage
use if present (Demlehner, 2021). According to theory, technology acceptance
through individuals is on the one hand influenced by the so-called enablers. That
term refers to “those external beliefs regarding the design and functionality of a
system that either encourage or discourage usage, dependent on valence. For
example, systems that are perceived to be reliable are used; unreliable ones are not.”
(Cenfetelli 2004, p. 475). On the other hand, there are also usage inhibiting factors
or the so-called inhibitors, i.e., perceptions about a system’s attributes with
exclusively negative effects if existing. The perhaps most prevalent inhibitor in the
case of AI is the perception as a job killer. It solely discourages its use. For AI
overall, recent scientific studies, including ours, suggest a remarkably high rele-
vance of those so-called inhibitors within the adoption process (Reis et al., 2020;
Venkatesh, 2021).

In our automotive case study, eight out of seventeen overall factors incorporated
inhibitors, i.e., solely discouraging elements (Demlehner, 2021). Figure 3 presents
an overview of the enablers (on the left side) and inhibitors (on the right side)
identified within this study. As of today, to the best of our knowledge, it is the first
and only peer-reviewed work that exhibits the employees’ acceptance of AI-based
industrial systems directly at the shop floor (Fig. 3).
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After all, it is pivotal for a successful AI implementation to know what drives the
many stakeholders involved and thereby especially the ones who are supposed to
use that system on an everyday basis. For that, both the (still scarce) scientific
literature on AI adoption and resistance as well as (the few existing) experienced
experts and corporations familiar with the industrial application of AI can be of
substantial value for the success of the overall project.

7 Psychological Key Success Factors for an Effective
Industrial Implementation of AI

When integrating all those aforementioned psychological hurdles for a successful
adoption of AI within an industrial environment, one remains with six major les-
sons, for which we are convinced that they in essence represent the psychological
key success factors for an effective implementation of AI within an industrial
environment.

We integrated them into a handy six-point guidance list for both managers and
practitioners out there in the field who want to ensure that their industrial AI
projects do not fail on the threshold of human technology acceptance. It combines
both empirically validated results and insights from a number of different scientific
studies as well as the vast amount of experience gained throughout our practical
work in the field of industrial AI within recent years.

Fig. 3 Enablers and inhibitors for AI usage intentions of automotive blue-collar workers
identified by Demlehner (2021)
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1. “Don’t waste time on AI for AI’s sake. Be motivated by what it will do for you,
not by how sci-fi it sounds.” (Cassie Kozyrkov, Chief Decisions Scientist at
Google).

2. Get your and your employees’ expectations straight. AI can be valuable, but it
can neither save the world, nor a lousy process.

3. Bad data, worse predictions. As far as AI is concerned, data is key—make sure
it is not biased.

4. Aim for explainability. If not through the algorithm itself, then by involving all
affected employees.

5. Measure your improvements. That includes both measuring decision quality
before and after implementing the new system.

6. Know your employees’ fears—and address them openly!
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Blockchain for Supply Chain
Traceability: Case Examples
for Luxury Goods

Christoph G. Schmidt, Maximilian Klöckner,
and Stephan M. Wagner

Abstract

Blockchain presents multiple use cases for supply chain management. As supply
chains are increasingly complex and global inter-organizational networks, trust
and transparency are key success factors. Blockchain provides a promising
solution to address supply chain transparency by enabling product tracing along
the supply chain, potentially ensuring product authenticity and provenance as
well as ethical production. This chapter focuses on supply chain traceability for
luxury goods, where counterfeits present a special challenge. Three case
examples in luxury goods illustrate the potential benefits of blockchain.

1 Introduction

Over the past few years, blockchain has received tremendous attention from aca-
demia, businesses, and media. Initially, the technology was often referred to as a
“game changer” across all industries and its story was compared to that of the
Internet (Iansiti & Lakhani, 2017; Johnson, 2018). In a 2017 Gartner survey, two
thirds of the respondents believed that blockchain was a major business disruption
(Burton & Barnes, 2017). Early adopters of the technology, such as Maersk and
Walmart, made headlines around the globe and fostered an interest in the tech-
nology (Moise & Chopping, 2018; Nash, 2018).
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Since then, expectations have become more realistic. Technological uncertainty,
scalability issues, and development costs dampen the ascribed potential. According
to an industry report by the China Academy of Information and Communications
Technology, about 92% of blockchain projects have failed since the inception of
blockchain, with an average lifespan of only a little over a year (Disparte, 2019).
Blockchain projects that make it past the initial pilot stage and transition to an
operational and productive environment are still rare (Babich & Hilary, 2020;
Furlonger & Uzureau, 2019). However, after going full circle from inflated
expectations to disillusionment, blockchain is now slowly entering a transition
period, where operational use cases and application areas are flushed out. In 2020,
investments in blockchain solutions were estimated at $4.1 billion worldwide,
marking an increase of more than 50% compared to 2019, and are expected to reach
a total of nearly $17.9 billion in 2024 (Soohoo & Shirer, 2020). This surge is led by
finance and manufacturing applications, including supply chain use cases.

The rise of blockchain applications in industrial supply chain settings is not
surprising, given the unique characteristics of the field. Supply chains are
increasingly complex and global inter-organizational settings, where trust and
transparency are key success factors (Hastig & Sodhi, 2020). Tracing products
along the supply chain, or even during their entire life cycle, facilitates transparency
and has become a major objective for firms in the realm of Industry 4.0 (Park et al.,
2018). In this context, blockchain provides a viable solution to enhance supply
chain risk management and adhere to rising standards and expectations regarding
product authenticity and provenance as well as ethical production (Schmidt &
Wagner, 2019; Sodhi & Tang, 2019; Sunny et al., 2020). Blockchain is understood
as a digital, distributed database of connected and verified transactional records
(Babich & Hilary, 2020; Gaur & Gaiha, 2020). Blockchain’s tamper-evident and
decentralized nature allows for advanced data validation and data access manage-
ment, making blockchain a prime technology candidate to address supply chain
transparency by enabling product tracing (Iansiti & Lakhani, 2017; Kurpjuweit
et al., 2021).

In practice, multiple firm consortia and startups explore blockchain’s potential to
facilitate supply chain traceability. As one of the first, the TradeLens project, ini-
tiated by the shipping company Maersk and IBM, uses blockchain-based cloud
services to trace cargo and simplify customs processes. Other firms, including
Walmart or Nestlé, started tracing food products from production to retail (IBM,
2019). Luxury goods are a specific case for supply chain tracing, as products are
rare and of high individual value. Using blockchain to assure product authenticity
and provenance could combat the biggest challenge for luxury goods—counterfeits.
For example, the luxury goods conglomerate LVMH, in cooperation with Microsoft
and blockchain software company ConsenSys,1 launched the AURA platform
(Dalugdug, 2019). Initially, the platform was used to ensure the authenticity of
Louis Vuitton handbags and Christian Dior perfumes.

1https://www.consensys.net/.
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This chapter provides an overview of blockchain and its use cases for supply
chain traceability. The conceptual review is illustrated using three case examples in
luxury goods supply chains, providing anecdotal evidence for the benefits of
blockchain.

2 Blockchain and Supply Chain Traceability

2.1 Blockchain Technology

Firms have understood the need for digitalization, which is understood as a bundle
of disruptive technologies, including big data analytics, machine learning, 3D
printing, robotics, and drones, which are expected to radically transform the busi-
ness landscape (Vendrell-Herrero et al., 2017). In the context of firm digitalization
and corresponding Industry 4.0 initiatives, investments in supply chain technologies
have reached a record high in 2020, at $52 billion, superseding 2018 ($34 billion)
and 2019 ($32 billion) (Fuller, 2020). Blockchain, as one of the most prominently
discussed technologies in this trend, is “a database architecture which enables the
keeping and sharing of transaction records in a distributed and decentralized way,
while ensuring its integrity through the use of consensus-based validation protocols
and cryptographic signatures” (Benos et al., 2017, p. 1).

Transactional data stored on a blockchain is considered immutable. All trans-
actions are timestamped, aggregated in coherent blocks, and cryptographically
linked, creating a chain of blocks (Babich & Hilary, 2020). New transactions are
verified using a consensus algorithm and then added to the chain. In the case of a
data manipulation attempt, the cryptographic links between the blocks would
“break”, making manipulation easy to detect. Overall, these mechanisms establish
the key features of blockchain: immutability, non-repudiation, distribution, and
consensus validation (Klöckner et al., 2020). Potential application areas for supply
chain management include inventory management and multi-party data sharing
(Babich & Hilary, 2020), but especially transparency (Gaur & Gaiha, 2020; Sodhi
& Tang, 2019) and counterfeit detection (Pun et al., 2021).

2.2 Supply Chain Traceability

Modern supply chains are complex and global transaction networks (Park et al.,
2018). Supply chain transparency is understood as strategically sharing supply
chain and sourcing information with stakeholders, including business partners, as
well as investors. Supply chain transparency is a key factor to both create trust in
complex supply networks, and improve efficiencies (Sodhi & Tang, 2019; Sunny
et al., 2020). In addition, transparency is foundational to assuring compliance with
new regulations and standards, for example, regarding sustainability. Thus, firms
across multiple industries are under increasing pressure to create transparency on
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their multi-tier supply chains. Specifically, supply chain traceability, defined as the
process of tracking the provenance and journey of a product and its inputs, from the
very start of the supply chain through to end-use (Norton & Conlon, 2019), has
become an important driver of transparency.

In some industries, including food and pharmaceuticals, where safety is critical,
supply chain traceability is needed to ensure high standards for product quality. In
general, regulatory requirements have tightened and customers are increasingly
interested in the provenance of the products that they consume (Schleper et al.,
2017; Schmidt & Wagner, 2019). Tracing goods along production and delivery
using blockchain could also enable automated compliance to freight and trade
regulations. Supply chain traceability further provides opportunities to find supply
chain efficiencies, or even prevent potential disruptions (Sodhi & Tang, 2019). As
information and communication technologies have always played an important role
in supply chain innovation (Ateş et al., 2018; Wagner & Bode, 2014), firms are
exploring new technologies to address the need for supply chain transparency and
traceability. Blockchain’s tamper-evident and decentralized nature allows for
advanced data validation and data access management.

3 Blockchain and Luxury Goods

3.1 Challenges in the Luxury Goods Supply Chain

Luxury goods present a special case for blockchain-based supply chain traceability.
The overall luxury market size was about €1.2 trillion in 2019, marking a 4%
growth over two years (McKinsey & Company, 2019). The growing market has
undergone structural changes over the past decade. In today’s globalized markets,
luxury goods supply chains exhibit a higher degree of complexity, as they extend
globally and involve a diverse range of manufacturers, including a multitude of
small-scale, highly specialized suppliers (Brun et al., 2008; Phau et al., 2014). The
complex structure and diverse participants make luxury goods inherently hard to
trace (Fontana et al., 2019). Reduced product tracing, and thus lower transparency,
create vulnerabilities to outside manipulation and fraud, fostering the biggest
challenge for luxury goods—counterfeits.

The Global Brand Counterfeiting Report has recently estimated losses of nearly
$100 billion, demonstrating the growing extent of counterfeiting in luxury goods,
especially in fashion, watches, and arts. While fake products have always been
around, they have become more sophisticated over the years, making it harder for
customers to spot “the real thing” (Fontana et al., 2019). One of the major chal-
lenges for luxury goods manufacturers is to assure customers that they are buying a
genuine product. In addition, customers in the luxury goods sector have become
increasingly aware of ethical and environmental issues. Labor compensation and
conditions, ethical sourcing, animal testing, non-conflict materials, as well as clean
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production, including CO2 emissions, waste management, and recycling efforts,
have become increasingly important to customers of luxury goods.

Blockchain, in combination with other supplementary technologies, provides
new opportunities for supply chain tracing in the luxury goods industry. Monitoring
the entire life cycle of a product and collecting reliable information enables com-
panies to create transparency in their sourcing and manufacturing processes. As
each product would be registered on a blockchain, the authenticity and the rightful
owner of a product could always be verified. In the following, three case examples
(Table 1) illustrate the potential of blockchain in different luxury goods industries.

3.2 Case 1: Wine

In 2018, wine consumption worldwide was estimated at about 244 million hecto-
liters, with the United States, France, and Italy being the largest regional markets
(Conway, 2020). Even with stagnating or decreasing demand in Europe and an
ongoing shift towards the Asian wine market, the market for rare luxurious wines is
prospering worldwide (Goncharuk, 2017; Yen & Huang, 2020). Rare wines are
often sold at over $100,000 per bottle at exclusive auction houses. The global
luxury wines and spirits market size was valued at $970 billion in 2019, and is
anticipated to reach $1411 billion by 2027 (Kale & Deshmukh, 2020). It is not
surprising that these luxury wines have also become a target for counterfeiters (Yen
& Huang, 2020). The global fake wine market was estimated at about $15 billion in
2017 (Smith, 2019).

Consequently, a major challenge for all stakeholders in the luxury wine supply
chain, including wineries, brokers, auction houses, collectors, and consumers, is to
assure the authenticity and provenance of the wine and its ingredients (Danese
et al., 2021). Wineries initially tried to prevent counterfeits by applying seals or
etching laser trademarks into the bottles (Yen & Huang, 2020). However, coun-
terfeiting has become more sophisticated and these measures became obsolete.
Multiple wineries and startups have since developed blockchain-based platforms, as
a potential solution (Goncharuk, 2017).

The startup Blockchain Wine Ltd. has collaborated with the EY OpsChain
blockchain platform to create the TATTOO Wine marketplace2 for consumers
across the Asia Pacific region. Consumers can buy luxury wines directly on the
blockchain-based platform in the form of digital tokens that identify the wines
purchased (Burgess, 2019). The token provides information on vineyards, fertiliz-
ers, grapes, ingredients, and transportation, to ensure the provenance, quality, and
authenticity of the wines (Yen & Huang, 2020). For identification, each bottle has
its unique QR code “tattooed”. In addition, VeChain3 also offers a blockchain-based
solution to trace wine along the supply chain. For rare wines, they plan to include a
breakable NFC seal within the wine stopper. Once the bottle is opened, the chip is

2https://www.tattoowine.com/.
3https://www.vechain.org/.
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damaged and information on that bottle cannot be read or written anymore, pro-
viding an extra layer of protection against counterfeiters (PR Newswire, 2019).

3.3 Case 2: Diamonds

Diamonds are a traditional luxury good across the world. The global diamond
industry is a low volume, high revenue business, with a market value of $79 billion
in 2019 (Garside, 2020). While demand is stagnating, the industry is facing two
major challenges: (1) counterfeits and (2) ethical issues (Thakker et al., 2021).
While the counterfeit issues are similar to other luxury goods industries, the focus
on mining and production conditions is more specific to diamonds. Diamond mines
are often located in unstable geopolitical locations with civil wars and high poverty
rates (Chan et al., 2020). Many diamond mines and cutting facilities are still subject
to severe human rights abuses, especially worker exploitation and child labor (Chan
et al., 2020; Thakker et al., 2021; Wexler, 2019). Miners work in highly unsafe
conditions, often without training, safety equipment, or proper tools. In addition,
diamond mining is also severely damaging land and water in the area. Soil erosion
and uncoordinated deforestation can cause long-term environmental disasters. To
combat these massive issues, shareholders, regulators, and customers demand
greater transparency along the supply chain (Wexler, 2019).

Table 1 Overview of the luxury goods case examples

Case 1 Case 2 Case 3

Product Wine Diamonds Watches

Major
challenges

• Counterfeits
• Low quality
ingredients

• Counterfeits
• Ethical production

• Counterfeits

Blockchain
application

• Identification of
product

• Information on
ingredients

• Assurance of
grape and wine
quality

• Sourcing information
• Assurance of ethical
production

• Information on product
quality and
characteristics

• Identification of
product

• Enable safe trading
and secondary
markets

• Digital certificates

Blockchain
firm

Blockchain Wine
Ltd

Everledger Adresta

Ext. IT
service
provider

EY OpsChain IBM –

Firm age 2 years
(founded 2018)

5 years
(founded April 2015)

1 year
(founded December
2019)

Country Singapore United Kingdom Switzerland
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To eliminate conflict stones, for instance “blood diamonds”, and improve
working conditions, the Kimberley Process Certification Scheme (KPCS) was
established in 2003 (Rhode, 2014; Spiegel, 2014). However, the certification pro-
cess is lengthy and there is a history of fraud and missing paperwork (Rhode, 2014).
Blockchain enables a more secure tracing of diamonds. For example, Everledger,4

in cooperation with IBM Blockchain, uses a bundle of technologies, including
blockchain, AI, IoT, and nanotechnology, to create a digital twin of every diamond.
To improve transparency, all diamond events across the full life cycle are immu-
tably recorded on the blockchain (McKay, 2018). The digital record includes
information on origin, cutting process, general characteristics and measurements,
and ownership for each diamond (Roberts, 2018). The platform can also aid firms
with creating and sharing compliance documentation and customs form, overall
improving process efficiency. The system is a major step towards diamond
provenance and verifiable ethical sourcing.

3.4 Case 3: Watches

The global watch market is worth about $17 billion, with the luxury segment being
valued at $9.3 billion (Sabanoglu, 2020). The industry is plagued by counterfeits, as
there is almost twice the number of fake watches than real ones sold around the
world (Jaberg, 2020). According to the Federation of the Swiss watch industry,
counterfeit watches already account for 9% of customs confiscations, placing
watches second only to textiles as the most counterfeited product. Especially with
the rise of so-called “super-fakes”—sophisticated counterfeits of high quality and
not easily detected by experts—the need for authenticity and product provenance is
increasing in the industry (Barber, 2020). However, the authentication of watches is
a long and cumbersome process, relying on traditional warranty cards and paper
certificates issued by manufacturers (Dillet, 2020; Jaberg, 2020). These are rela-
tively easy to duplicate and provide little protection against modern counterfeit
operations. Blockchain may offer a solution to ensure failsafe authentication and
accountability in the luxury watch industry, as multiple startups are exploring the
possibilities of creating an immutable digital identity for high-end watches.

Adresta,5 for example, is a Swiss startup that creates digital certificates for
luxury watches. They use blockchain to securely store these certificates, which also
include information on the entire lifecycle of the watch, from manufacturer to
service and repair. All subsequent sales and owners are also registered on the
blockchain. Adresta’s watch platform provides a tamper-proof blockchain-based
solution that makes the history of every watch visible. The watch owners get secure
and immutable documentation, increasing trust and transparency along the luxury
watch’s supply chain. Manufacturers are eager to explore and adopt these novel
approaches. In October 2020, Breitling, for example, announced that it was going to

4https://www.everledger.io/.
5https://www.adresta.ch/.
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issue an encrypted passport for each of its new watches, making the paper-based
certificate of authenticity obsolete (Dillet, 2020). Hublot is also adding its watch
warranties to the aforementioned LVMH AURA blockchain network (PR News-
wire, 2020). Others are likely to follow.

4 Summary and Future Outlook

The case examples illustrate the high potential of blockchain to improve supply
chain traceability. Specifically for luxury goods, tracing physical objects over their
lifecycle along the product’s supply chain creates transparency and facilitates trust
across all stakeholders, especially customers, in the authenticity and provenance of
a product.

Looking ahead, however, there is arguably one major challenge that needs to be
solved to maximize the value that blockchain can generate for the tracing of
physical assets, such as wine, diamonds, or watches. While data is comparatively
secure, once it is recorded on the blockchain, entering the correct data in the digital
blockchain ledger is the weak point for blockchain-based tracing solutions (Babich
& Hilary, 2020; Tucker & Catalini, 2018). Data entry is oftentimes done manually,
creating a systemic vulnerability that undermines the immutability potential of
blockchain (Tucker & Catalini, 2018). In a case where the input data is corrupted or
fraudulent, the system is compromised. While firms actively explore technical
solutions utilizing IoT sensors, NFC or RFID chips, human intervention can still
lead to manipulation and fraud along the supply chain (Babich & Hilary, 2020).
Developing a reliable solution to bridge the physical and digital world, and to create
truly tamper-proof digital twins, is a crucial next step.

Overall, blockchain exhibits enormous potential to improve supply chain man-
agement in the future. Specifically, the technology’s ability to enable more efficient
and reliable product tracing along the supply chain, ultimately enhancing supply
chain transparency, benefits businesses, customers, and society.
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The Interrelationship Between
Industry 4.0 and Servitization
in Manufacturing SMEs: The Case
of the Basque Country

Eduardo Sisti, Miren Estensoro, and Miren Larrea

Abstract

The implementation of Industry 4.0 brings about potential gains for firms in
terms of efficiency, productivity, and the generation of new sources of income.
A process that offers considerable opportunities for revenue generation is what is
known as servitization. Both features (Industry 4.0 and servitization) are
complementary and have critical implications for territories as regards techno-
logical upgrading and the diversification of their economy. Here, the extent to
which the managerial conditions for transitioning towards Industry 4.0 and,
specifically, for adopting digital technologies can influence small manufacturers’
attitudes towards servitization is examined. The empirical study is carried out
using both a quantitative approach based on an ordered logit model and a
qualitative analysis of 174 manufacturing SMEs in the province of Gipuzkoa
(Basque Country, Spain). Preliminary results show that firms’ awareness of
external and internal conditions for Industry 4.0 can be used as a lever of
servitization. Furthermore, firms with a higher level of digitalization and
involved in activities with a medium to a high level of technology intensity were
found to have a more favourable attitude towards servitization.

1 Introduction

Industrial digitalization processes, sometimes considered a synonym of Industry
4.0, have been described as a fundamental strategic and operational challenge for
manufacturing firms. The expected effects of adopting new technologies are related
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to potential gains in productivity as well as new sources of income generation. One
of those main opportunities is the provision of new services associated with their
manufacturing offer. This is what is known as servitization: a change in the business
model from a product system to a product-service system (Kowalkowski et al.,
2017; Neely, 2008; Vandermerwe & Rada, 1988). The topic of servitization began
attracting considerable academic interest at the end of the 1980s (Baines et al.,
2017; Bowen et al., 1989; Cohen & Whang, 1997; Rabetino et al., 2018; Van-
dermerwe & Rada, 1988); its implications for territorial growth and welfare also
having been analysed (Lafuente et al., 2017).

The literature has demonstrated that there is indeed a link between the transition
to Industry 4.0, or industrial digitalization, and servitization (Baines et al., 2017;
Coreynen et al., 2017, 2020; Frank et al., 2019; Rabetino et al., 2018; Raddats et al.,
2016, 2019; Vendrell-Herrero et al., 2017; Visnjic et al., 2018). This relationship is
intricate, and perspectives of convergence, directionality (digitalization is an
enabler for servitization), and the influence of demand-pull and technology-push
forces have been raised (Coreynen et al., 2020; Frank et al., 2019). Thus, given the
complexity of this phenomenon, one must consider a number of factors such as
firms’ heterogeneity (size, sector, etc.) as well as the broad spectrum of technolo-
gies applied that foster digitalization. These technologies include cyber-physical
systems, cloud computing and the Internet of Things, and advanced manufacturing
technologies (Kagermann et al., 2013; Liao et al., 2017). This huge variety of
technological possibilities gives us an idea of the complexity and diversity of
options that can be applied, depending on the firm’s activity, products, or position
in the value chain, among other aspects. Consequently, not all firms face the same
challenges or start from the same baseline when opting for servitization (Crozet &
Milet, 2017).

The main argument in this chapter is that due to resource constraints (e.g., skills,
financial, strategic, etc.), smaller companies face different challenges when pursuing
servitization. By answering the research question Do the conditions for transi-
tioning to Industry 4.0 foster servitization in manufacturing SMEs?, it is taken a
closer look at the conditions for transitioning to Industry 4.0 and firms’ digital-
ization levels, and how these two factors are related to the firms’ attitude towards
servitization. The case analysis is framed in Gipuzkoa, a highly industrialized
province in the Basque Country (Spain). The data is collected through a survey
conducted with 174 manufacturing SMEs.

The remainder of the chapter is structured as follows: Section 2 briefly reviews
the literature and develops the conceptual framework that helps formulate the
hypotheses. Next, the data and methods used are described in Sects. 3, and 4 goes
on to present the results. Finally, Sect. 5 focuses on discussing the findings and
summarizing the conclusions.
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2 Industry 4.0 and Servitization: Hypotheses
Development

For manufacturing firms, their transition to Industry 4.0 means integrating new
digital technologies and strategic capabilities into their business model (Kagermann
et al., 2013; Liao et al., 2017; Müller, 2019; Schumacher et al., 2016). Such a
process may lead to more efficient, less costly and flexible production systems as
well as to firms opening up to the provision of services and developing new
business models (Benesova & Tupa, 2017; Kagermann et al., 2013; Müller et al.,
2020). In this regard, certain limitations and challenges could severely affect the
expected results at both the firm and the territorial level. For example, a firm’s
requirements, choice, and application of new technologies and the corresponding
changes in its business model could cause internal frictions which would call for a
clear strategic vision and leadership (Birkel et al., 2019; Müller et al., 2018a).
SMEs’ limitations in terms of budget constraints and their diversity at the sectoral
level show that further research is needed for a better understanding of the drivers
of the 4.0 transition in SMEs (e.g. Ghobakhloo, 2018; Moeuf et al., 2018; Mittal
et al., 2018; Müller et al., 2018a, 2020; Müller et al., 2018b).

Extant literature has identified some of the conditions (or drivers/opportunities/
challenges) that determine the transition of SMEs towards Industry 4.0. Table 1
summarizes the conditions considered in the empirical analysis.

Concerning the definition of servitization, it has been described as a change in
the business model from a product system to a product-service system (Kowalk-
owski et al., 2017; Neely, 2008; Vandermerwe & Rada, 1988), which represents a
huge challenge for manufacturing firms (Cusumano et al., 2015; Frank et al., 2019).
One major reason for developing this business strategy stems from having to cope
with the competition in manufacturing costs of less developed economies (Gomes
et al., 2019). Among the potential benefits of servitization are building closeness
with customers and increasing their loyalty (Müller et al., 2018; Vandermerwe &
Rada, 1988), expanding the sources of income (Neely, 2008; Kamp et al., 2017;
Baines et al., 2017; Rabetino et al., 2018) and boosting business competitiveness
(Ayala et al., 2018). However, there are also challenges to be dealt with: the risk of
failure due to lack of financial and human capabilities or having to foster external
collaboration (Benesova & Tupa, 2017; Birkel et al., 2019; Neely, 2008), among
others. The type of services an SME provides will differ depending on the char-
acteristics of its products and economic activity as well as on the industry’s life
cycle and environment (Cusumano et al., 2015; Frank et al., 2019; Visnjic et al.,
2019). So, the attitudes towards servitization have implications for firms’ sustain-
ability as well as for territorial welfare (Lafuente et al., 2017).

Coreynen et al. (2020) noted that digitalization and servitization trends have a
major impact on the prospects of manufacturing companies. These authors review
different perspectives on the link between digitalization and servitization, one of
which refers to digitalization as an “integral part” of firms’ operations, although not
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necessarily leading to servitization. Another view states that “digitalization is an
enabler for servitization”. Also, Frank et al. (2019) developed an analytic approach,
stating that a demand-pull, as well as a technology-push towards servitization,
exists which depends on the type of smoothing, adapting or substituting service the
manufacturing company provides. According to this, servitization will be depen-
dent on the level of digitalization and Industry 4.0 implementation. Thus, two
hypotheses are developed, one related to “strategic” aspects of the implementation
of Industry 4.0 and the other related to the level of use of digital technologies.

Table 1 Conditions for Industry 4.0 implementation

Condition Description of the indicator References

Aligned strategic
management

Assesses whether the “Industry 4.0
plan” is aligned with the firm’s
strategic thinking, which requires
full involvement from top
management and adopting a holistic
approach

Moeuf et al., (2018, 2020),
Sahi et al. (2020)

Organizational
model and resilience

Assesses whether the managerial and
organizational models can be
adapted to the requirements of
Industry 4.0

Moeuf et al., (2018, 2020),
Sahi et al. (2020)

Acceptance of
Industry 4.0 by the
market

Assesses to what extent the SME’s
sector is one in which there is
pressure or possibilities to advance
towards Industry 4.0

Müller et al. (2018, 2020),
Moeuf et al., (2018, 2020),
Veile et al. (2019)

Analysis of
competitors’
behaviour and the
value chain

Identifies the SME’s position in the
value chain and how its relationship
with other firms (often bigger and
clients but also competitors) in the
chain can affect the transition to
Industry 4.0

Bär et al., (2018), Birkel
et al. (2019), Veile et al.
(2019)

Financial resources Evaluates the SME’s potential to
allocate resources to Industry 4.0
related investments

Müller et al. (2018b, 2020)

Qualified staff Assesses the qualification level of
staff or the possibility of further
training to be able to face Industry
4.0 related challenges

Matt et al. (2018), Moeuf
et al., (2018, 2020)

Alliances and
cooperation in the
innovation system

Assesses the extent to which the
SME is pursuing Industry 4.0
oriented cooperation with other
SMEs, with customers and suppliers
in the value chain or through
alliances with actors from the
innovation system

Bär et al. (2018), Müller
et al. (2018b, 2020); Veile
et al. (2019)
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First, as mentioned before, the implementation of Industry 4.0 also requires a
“strategic” adaptation, related to business models, competition, availability of
resources, and so on (Schumacher et al., 2016; Müller, 2019; Navarro & Sabalza,
2016), which in turn enhances and improves their possibilities of offering higher
quality services (Barret et al., 2015; Coreynen et al., 2017, 2020; Müller et al.,
2020). Therefore, the following hypothesis is proposed:

H1. The more developed the conditions are for an Industry 4.0 transition, the more
favourable the SME’s attitude is towards servitization.
Second, a major feature of Industry 4.0 is the broad spectrum of technologies being
used, including cyber-physical systems, cloud computing and the Internet of
Things, and advanced manufacturing technologies (Kagermann et al., 2013; Liao
et al., 2017). This variety of possibilities illustrates the complexity and diversity of
options that can be applied, depending on the firm’s activity, products or position in
the value chain, among other aspects. With regard to this, Frank et al. (2019) also
indicate that, depending on these factors, the technology push can be divided into
three levels: low, moderate and high. As no typology of this matter exists, they
suggest a segmentation based on the “purpose for the service offering of product
firms”. The low level of digitalization intensity (i.e., manual services) consists of
digital tools which help to “create customer databases, to manage customers with
CRM (Customer Relationship Management) software, and so on, but they do not
provide the service itself”. The moderate level (i.e., digital services) “comprises the
use of digital tools enabling manufacturers to deliver distinct service offerings to the
customer”, which add value to the service provided (i.e., apps, cloud computing and
embedded software). And lastly, the high level (i.e., Industry 4.0 related services)
incorporates the proper integration of advanced Industry 4.0 technologies providing
“value for both customers and the companies’ internal processes” (Frank et al.,
2019). Hence, the level of digitalization, according to the technologies applied,
provides a different perspective on the Industry 4.0 conditions and their expected
outcomes (e.g., servitization). Müller et al. (2018) offer similar empirical findings.
Therefore, the following hypothesis is suggested:

H2: The higher the level of digitalization, the more positive the attitude towards
servitization in manufacturing SMEs.
This chapter explores the links between the drivers (or conditions) for Industry 4.0
implementation, the digitalization level, and the firms’ attitude towards servitiza-
tion, as defined in Fig. 1.

Fig. 1 Research framework
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3 Methodology

3.1 Sample and Variables

Two significant features distinguish the case studied: (i) the Basque Country is one
of the most industrialized regions in Europe, the weight of industry being even
higher in the Gipuzkoa province, and (ii) due to its tradition in industrial policy-
making, the Basque Country is considered an interesting case to analyse industrial
transitions (Navarro & Sabalza, 2016).

The data analysed in the chapter was collected by the staff at Gipuzkoa’s county
development agencies from December 2017 to May 2018 for a research project
whose aim was to foster Industry 4.0 transition within manufacturing SMEs and
which involved the authors. The database contains 174 firms with between 20 and
99 employees. In Gipuzkoa, the subgroup of manufacturing SMEs with between 20
and 99 employees alone represents 23.7% of all the manufacturing firms.

As a matter of the conditions for Industry 4.0, from a managerial perspective, the
collected database includes data on ten dimensions. Apart from the conditions for
an Industry 4.0 transition described in Table 1, two other outcome indicators are
considered: expected efficiency and profitability of Industry 4.0 investments, and
servitization. Thus, servitization is used as the dependent variable, and the rest
(except efficiency and profitability) are the independent variables. It should be noted
that all the variables related to the Industry 4.0 conditions specified in the survey
were collected using a four-point Likert scale (i.e., strongly disagree, disagree,
agree and strongly agree). The main reason for choosing a four-point Likert scale is
its advantage in terms of consistency in the responses since the absence of a
midpoint forces the surveyed to express their agreement or disagreement.

Table 2 shows the significant degree of correlation among the variables that
condition the transition to Industry 4.0. A factor analysis was carried out to divide
them into different dimensions.

The iterated principal factor (IPF) method is applied to determine whether all the
indicators had some commonalities. Two of the dimensions (factors) accounted for
77.58% of the total variance. Both factors were rotated using the Varimax technique
(Table 3). The first one is called internal factor because the variables with higher
loadings are those which represent the firm’s assets and internal capabilities.
Meanwhile, the second factor was called external factor due to the higher loadings
in the variables which characterize the market where the firm competes. The two
factors were later used in the regression analysis.

In Table 4, technologies are assigned a level of digitalization according to the
classification proposed by Frank et al. (2019) and the four-point Likert scale used
when collecting the data (1: no usage, 2: low usage, 3: usage and 4: high usage). If
the answer was 1 or 2, it was assigned a 0; and 1 otherwise. Accordingly, three
exclusive variables, each representing a digitalization level, were created, where 1
meant applying only low-tech solutions; 2, moderate and low-tech; and 3, that the
firm used at least one high-tech solution.
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Moreover, three other control variables were taken into account in the analysis:
(i) size, as the lastest sales reported (2017 or 2016) expressed in logarithms; (ii) age,
calculated taking the year of company’s creation from the SABI-Informa database
(in logarithmic form); and the (iii) tech level of the manufacturing activity in
consonance with the classification shown in Table 5.

Table 3 Rotated factor loadings and uniqueness (Varimax method)

Factor 1 (internal) Factor 2 (external) Uniqueness

Market 0.6153 0.5186

Competitors 0.6555 0.5510

Strategy 0.6124 0.5334

Qualified staff 0.8722 0.2342

Finance 0.4647 0.7073

Alliances 0.5102 0.6426

Organization 0.5056 0.6673

Note Blanks represent abs (loading) < 0.4

Table 4 Technologies and level of digitalization

Technology Digitalization level

Simulation High

Advanced manufacturing

Integration of vertical and horizontal systems

Cybersecurity

Augmented reality

Artificial vision

Advanced 3D inspection and metrology

Advanced robots

Cloud computing Moderate

Internet of industrial things

Embedded sensors and systems

Remote maintenance

Big data and analysis

Social media technologies Low

Mobility and geolocation

Computer software

Workflow

Computer numerical control

Source Authors’ compilation based on Frank et al. (2019)
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3.2 Methods

The empirical analysis was performed using a mixed-method research approach
(Creswell, 2003). First, an ordered logit model is employed to test the hypotheses
since the dependent variables belong to four categories whose order has a meaning
(IDRE, 2021). Accordingly, the following equation was obtained:

Yi ¼ b0 þ b1Externali þ b2Internali þ b3External
� Digitalization leveli þ b4Sizei þ b5Agei þ b6Industry Tech intensityi þ ei

The second step was a qualitative analysis based on the data collected since open
questions had been included in the questionnaires given to policymakers from the
county development agencies. This allowed us to gain greater insight into the
drivers of servitization.

4 Results

4.1 Quantitative Results

Table 6 presents the results of the regression analysis using attitude towards
servitization as the dependent variable. In Model 1, it is only employed control
variables (size, age, technological level of industrial activity) as independent
variables. As may be observed, statistical significance is only observed in firms
displaying a higher level of technological development and not in those with a
lower technological level. In the following models, the variables of interest were
introduced one by one and then all together. In models 2 and 3, the positive and
statistically significant impact of external and internal conditions is shown. Both
conditions are statistically significant, but the external conditions—the competitors’
behaviour along with the market and the industrial conditions—are even more so.
In Model 4, when these two variables are both included, they are still relevant.
Meanwhile, Model 5, in which it is introduced the digitalization level, shows that a
higher level accounts for a more favourable attitude towards servitization. Finally,

Table 5 Technological level of manufacturing activities

Two-digit NACE industry Tech level

Food products, beverages, wood products, paper, printing, furniture and other
manufacturing

Low

Rubber and plastic products, other non-metallic mineral products, basic
metals, fabricated metals, repair and installation of machinery

Medium–low

Chemical products, electrical equipment, machinery and motor vehicles Medium–high

Pharmaceutical products, computer, electronic and optical products High

Source Authors’ calculations
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in Model 6, all variables are taken into account, and the general effects can be
observed.

4.2 Qualitative Results

The analysis of qualitative data allowed us to complement it with the quantitative
results. The response rate of the sample was 59.5%.

Two main factors were found to hinder servitization: lack of knowledge and the
remoteness of the concept (which accounted for 25.4% of the responses, although,
surprisingly, 10.4% of them were using high-tech digital solutions), and the lack of
strategic fit (13.3% of the responses). Comments such as “It is not one of the firm’s
priorities”, “It is not in the strategic plan of our firm”, “We don’t feel the need to
turn to servitization”, “It is not a useful approach” or “It is not one of our strategies”
are examples of this attitude.

Furthermore, among the firms already involved in servitization processes, it is
worth highlighting that these processes appear to progress over different stages.
Table 7 shows the different stages that make up a servitization process.

5 Discussion and Conclusion

This work has focused on the interrelationship between Industry 4.0 digitalization
and servitization to be able to discern what drives servitization in manufacturing
SMEs. The major findings are the following:

Table 7 Stages of the servitization process

Code Theme Examples

1 The remoteness of the
concept or lack of strategic
fit

“It is not one of the firm’s priorities’”/“It is not in the
strategic plan of our firm”/“We don’t feel the need
for servitization”/“It is not a useful approach”/“It is
not one of our strategies”

2 Planning “It is one of our objectives”/“We are analysing the
change process related to a possible servitization
process”

3 First steps “They are doing something towards servitization”/
“Gradually we are implementing a new business
model”/“We have started with a pilot project”/
“Selectively with some clients and/or some line of
business”

4 Advanced “We have opted for servitization”/“It has been
incorporated in our strategy”
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Servitization remains an unknown concept for most manufacturing SMEs. Only
23% of the firms surveyed showed some degree of advancement towards serviti-
zation. The empirical results suggest that such a low perception of this strategy is
basically due to their lack of knowledge about the concept and it not being a
strategic option for the firm. It should be underlined, however, that any servitization
effort requires the firm to go through different stages until its business model has
been transformed.

The conditions for a transition to Industry 4.0 are highly linked with servitiza-
tion. In fact, the Industry 4.0 transition acts as a facilitator of servitization, which is
determined by (mainly) external drivers—the behaviour of competitors and market
conditions—and internal drivers—organizational model or qualified staff. Another
determinant is the level of digitalization of the firm. It should also be highlighted
that firms reaching medium to high-tech intensity levels adopt a more proactive
stance towards servitization.

The implications of this analysis are:
For firms: by knowing which conditions, both external and internal, are neces-

sary to be able to advance within the servitization process, SMEs will be able to
think “one step ahead”. Servitization is also an option for SMEs, and developing
capabilities for the Industry 4.0 transition as well as digital competences can make a
difference.

For policymakers: in territories such as Gipuzkoa, characterized by a dense
network of manufacturing SMEs, policies that foster the transition to Industry 4.0 or
servitization need to be adapted to the reality of SMEs. This means taking into
account the different implementation stages and their respective drivers.

These limitations point, nonetheless, to other ideas for future research, some of
which are: comparing the analysis with other territorial realities; exploring larger
firms and other economic activities; or the need to continuously revise the inter-
relationship between the variables and the specificities of the different stages of
servitization.
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Beyond Excellence in the Automotive
Industry in Industry 4.0? Lessons
Learned from the creative Business
Sector

Jerzy Rosiński

Abstract

In the realities of Industry 4.0, we can find the main two ways of building
business models: developing existing models toward Digital Maturity and
building completely new models, different from previous solutions. In the
automotive industry, it seems that the search for development toward Digital
Maturity, which currently ensures the development of the industry, may have its
limitations. The text proposes to consider a business model taken from outside
the automotive industry as a development proposal beyond Digital Maturity.

1 Transformations of the Fourth Industrial Revolution

Digitisation and automation related to Industry 4.0 (also referred to as the Industrial
Internet of Things [IIoT]), together with macroeconomic factors, generates
numerous opportunities, chances and challenges not only in the manufacturing
industry but also in other industries (Müller & Buliga, 2019). Changes will be
required in, among others, business models, models of employment, expected
skills, and new challenges in terms of results. Not only business models will
change, but so will social relationships (Kagermann et al., 2013). A new work
environment encompassing integrated robot and cobot activities will put employees
in new roles where current experience and expertise will turn out to be obsolete
(Rozkwitalska & Slavik, 2017). This means that the changes associated with the
fourth industrial revolution go beyond any single industry and new material tech-
nologies, and they impact not only areas related to robotics, automation of pro-
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duction, or information technology. It seems therefore that the transformations in
these areas have impact in other sectors of the economy as well as the style of living
of workers and consumers.

However, as regards changes within organisations themselves, there is an
interesting phenomenon of the varying dynamics of technological change and
organisational change described by Martec’s law (Kupilas et al., 2019), which states
that technology is changing faster than organisations.

The discrepancy between the speed of changes in technology and the speed of
organisational change makes it necessary at some point (once the discrepancy is
significant) to redefine the way the organisation operates. This re-definition can
apply to, among others, business models.

2 Business Models: Types and Levels of Detail

A business model is a combination of two concepts (Kasprzak et al., 2020):

• model—a design or scheme that describes the operation and construction of a
specific phenomenon or object, together with its characteristic features; a sim-
plified representation of reality (Sławińska, 2010).

• business—an economic activity of a commercial nature, carried out in a con-
tinuous and organised manner, determined by the needs of the purchasers.

By combining the above elements, we arrive at the concept of a business model
—understood as a set of elements and their relationships that allows to carry out the
business logic of an enterprise (Kasprzak et al., 2020).

The existing multitude of definitions for understanding business models appears
to be due to two or more reasons—the components of the concept itself. There is a
level of detail associated with the formulation of the model (general/universal
versus detailed/specialist). In turn, the business part means placing emphasis on
various components of carrying out a business activity (e.g., delivering value,
customers, process, and efficiency).

The first of these dimensions (general/universal vs. detailed/specialist) involves
definitions in which a given business model describes the underlying business logic.
At this level (depending on the emphasised element), the narrative is either
resource-oriented or focused on the action structure or on the chain of creating
value for customers. The resource-oriented model refers to key components, such as
different types of company resources and relationships between them (inside and
outside the company) and cause-effect relationships. Typically, resources are linked
to sets of assumptions and standards describing relationships/cause-and-effect
relations that help implement the company’s strategy. The construction-oriented
model is a way of thinking about running a business similar to architecture: it is
concerned with the configuration of internal components, about their construction
later on, moving to a useful function. The value chain-oriented model focuses on
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individual customer segments and the values offered to/co-created with them. It also
informs us about segment revenue and the effectiveness of partner relationships
(Kasprzak et al., 2020; Osterwalder et al., 2005).

The second of these dimensions (emphasis on individual elements) places nar-
ration around four areas: what is offered to customers, who is the target customer,
how the value proposition is created, and how the business model generates profits
(Jabłoński et al., 2020). These four areas can also be described in the form of the
following categories: total value proposition (what?); market segments to which this
proposal is addressed (who?), value collection (capture) mechanisms (how are
profits gained?/how many?), the value chain structure necessary to generate and
distribute the offer, complementary resources needed to support the position of the
company in the chain and processes, together with the internal structure of the
company supporting other elements of the business model (how is value created?/
how?). Thus a business model can be defined as a system created by interdependent
activities that allow an enterprise to address the questions of: “what?”, “who?”,
“how?”, and “how many” (Kasprzak et al., 2020).

It can therefore be concluded that a business model—understood as a set of
elements and their relationships which allows to carry out the business logic of the
company (Kasprzak et al., 2020)—encompasses two areas: a description of the
organisation’s basic logic of creating value and a set of elements and relationships
between them explaining who the organisation’s customers are, what is of value to
them, and how the organisation can make a profit by delivering that value.

The description of these two areas (logic and components) can be kept on a very
general (or universal) level, indicating, for example, that a business model is the
rationale behind the way in which the organisation creates value and ensures and
profits from that generated value. The same areas can also be defined in a more and
more detailed way by describing the different elements and relationships between
them and/or by giving one of the elements a leading role.

3 How Business Models Change Under Industry 4.0

Industry 4.0 may bring about fundamental changes in how business has been
conducted (the logic of a business model and its components). In terms of business
models, there are essentially two solutions:

1. modifying existing models and adapting them to the changing organisational
environment

2. building completely new models resulting from the reality of the fourth
industrial revolution.

The former solution can also be referred to as the search in Industry 4.0 for a
“new way” to solve “old dilemmas” in the realm of economics and management.
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In this approach, the most important area still remains the search for maximi-
sation of company profits (“old dilemmas”). Thus, as noted by Niemczyk and
Trzaska (2020), we are dealing with a management model adopted in classical and
neo-classical economics, and from the point of view of management sciences a
company is understood as a collection of resources undergoing optimisation pro-
cesses (the so-called resource approach). The consequence of it is understanding the
technologies of Industry 4.0 as an opportunity to optimise existing processes and/or
expand the set of tangible and intangible assets (“new ways”). As a result, a
company is able to, among other things: reduce costs, shorten time to market new
products, and maintain its market position vis-à-vis competitors.

Business models that reflect this approach describe how an organisation func-
tions in terms of the current state of the organisation, final expected state (e.g., state
of Digital Maturity), and subsequent stages of approaching the desired state, along
with their attributes. In some cases, the necessary priority actions are also indicated
for the transitions between particular stages (Kupilas et al., 2019).What allows to
classify this approach as a way of solving “old dilemmas” is the fact that the idea of
achieving Digital Maturity is not specific to the current economic revolution and
goes back to the third industrial revolution, as evidenced in works by R. L. Nolan
about four and six stages of organisation maturity in relation to IT processes (Nolan,
1973, 1979) and publications by Paulk et al. (1995) naming five stages of process
maturity. In today’s models describing adapting business models to the require-
ments of Industry 4.0, one can often see a reflection of what is described by Paulk
et al. (1995) as the five stages of process maturity, from low maturity described as
an unpredictable, poorly controlled and reactive process, to intermediate stages
referring to: a project-specific and often reactive process; an organisation-specific
and proactive process; a measurable and controllable process, to a mature process
described as focused on continuous improvement.

A broad overview of the proposals to modify business models in the reality of
Industry 4.0 is provided in the work of Kupilas et al. (2019). The overview refers to
eight business models and focuses on the mechanical industry [mechanical engi-
neering segment]. The analysed models for achieving Digital Maturity in the reality
of Industry 4.0 are IMPULS Industry 4.0 Readiness; Industry 4.0/Digital Opera-
tions Self-Assessment; SIMMI 4.0; Acatech Industrie 4.0 Maturity
Index; DREAMY (Digital Readiness Assessment MaturitY model); A maturity
model for assessing Industry 4.0 readiness and maturity of manufacturing enter-
prises; 360 Digital Maturity Assessment; HADA (Spanish Government
assessment).

Each of these models features between four and six degrees of reaching Digital
Maturity. Comparisons between these range models can be drawn in the areas of:
phases of reaching maturity, the areas described and the understanding of Digital
Maturity (the last stage of development).

In terms of stages of reaching maturity, in all eight models, three phases of
achieving digital maturity can be distinguished (after Cieśliński, 2020):

220 J. Rosiński



• Birth—processes focus on data acquisition, they are cost-generating and often
unstructured,

• Growth—processes focus on processing data into the form of information, they
support value creation and are organised,

• Improvement—processes provide knowledge, create value, and are
self-improving.

For the areas described, the eight models mentioned relate to at least two out of
three areas of operation:

• Organisation (e.g., strategy, employees, culture);
• Internal Operations (e.g., IT architecture, technology, infrastructure);
• External Operations (e.g., product and services, customers, market & customer

access).

The descriptions refer mainly to the areas of Organisation and Internal Opera-
tions—these areas are present in all eight models of achieving Digital Maturity. We
can therefore put forward the tentative conclusion that models for achieving Digital
Maturity concentrate in areas related to the functioning of the organisation itself.

In the development stages of companies striving for Digital Maturity, the
descriptions concentrate on two stages of functioning: Organisation and Internal
Operations. Therefore achieving the last stage of development in a given model is
the consequence of focusing on two out of three areas (Organisation and Internal
Operations). Focus on the internal aspects of the organisation’s functioning
(Organisation oraz Internal Operations) means that also Digital Maturity in most
models focuses on technological (self-)excellence, while to a small extent taking
into account consumer empowerment, treating them more like a data source for one
of the system’s inputs. Table 1 summarises the descriptions of the highest stage of
development for the eight models of Digital Maturity in relation to the consumer.

One may therefore conclude that in most of the adjustment models we focus on
the organisation itself and its internal processes, marginalising environmental fac-
tors beyond the technological requirements of the market (as reflected by actions
undertaken as part of Internal Operations).

As mentioned earlier, when it comes to business models in relation to the fourth
industrial revolution, there are essentially two solutions. The first one (modification
and adaptation of existing models) was discussed above. The other one, consisting
in building completely new models resulting from the reality of the fourth industrial
revolution, will be presented below.

This solution can also be referred to as the search in Industry 4.0 for a “new
way” to solve “new dilemmas” in the realm of economics and management. The
search is being conducted in several, increasingly advanced ways, receptive to
Industry 4.0 (Niemczyk & Trzaska, 2020):
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Table 1 Summary of the descriptions of the highest stage of development for the eight models of
Digital Maturity in relation to the consumer (own work based on Kupilas et al., 2019)

Model of
digital excellence

Name of the
highest stage of
development

Description of the highest stage of
development in relation to the
consumer

IMPULS Industry 4.0 Top performer The producer is integrated with
the customer [but most of the
description at this level focuses on
the technical excellence of
internal processes]

Digital operations self-assessment The digital
champion

His focus is now on developing
new disruptive (and often
data-driven) business models and
an innovative product and service
portfolio to serve the individual
customer requests. Collaboration
is a key value driver

SIMMI 4.0 Optimised full
digitisation

The company is a showcase for
Industry 4.0 activities. It
collaborates strongly with its
business partners and therefore
optimises its value networks

Acatech industrie 4.0 maturity
index

Adaptability Continuous adaptation allows a
company to delegate certain
decisions to IT systems so that it
can adapt to a changing business
environment as quickly as
possible.
[No person/customer]

DREAMY Digital-oriented Phrases like: “Digital-orientated:
the process is digitally orientated
and is based on a solid technology
infrastructure and on a high
potential growth organisation,
which supports speed, robustness,
and security in information
exchange, in collaboration
amongst the company functions
and in the decision making”
[No person/customer]

A maturity model for assessing
Industry 4.0 readiness and maturity
of manufacturing enterprises

Level 5 (the
state-of-the-art of
required
attributes)

One of the dimensions that
describe Digital Maturity applies
to customers: “Customers:
utilisation of customer data,
digitalisation of sales/services,
customer’s digital media
competence”
[Customer treated as a “data
source”]

(continued)
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1. seeing a company not as a set of resources, but as a set of contracts with
stakeholders (in accordance with the logic of the agency theory)—we arrive at a
different subject for optimisation actions than before, thus we face “new
dilemmas.”

2. in addition to the previous step (above), we have abandoned the concept of
hierarchical enterprise structure and, thanks to Industry 4.0, adopted effective
management based on one-off contacts between staff, thus we build a new
organisation in terms of quality.

3. seeing human activity as embedded in Industry 4.0 technologies may lead us to
a radical change in the logic of building an organisation, based on the theory of
complexity (Hecklau et al., 2016); research in this respect focuses on the theory
of self-organising systems, theory of chaos, path dependence, complex adaptive
systems, and modeling based on agent concepts (Rokita & Dziubińska, 2016).

In publications from 2000 to 2019, we will not find too many definitions of
business models dedicated to Industry 4.0. Most definitions of the business model
from research papers approach the business model from a resource perspective. The

Table 1 (continued)

Model of
digital excellence

Name of the
highest stage of
development

Description of the highest stage of
development in relation to the
consumer

360 Digital Maturity Assessment Autonomous Decision making is performed
autonomously based on
automatically synchronised data
from the organisation and its
direct customers and suppliers (e.
g. logistics scheduling is
automatically performed based on
production state, customer orders
and location, traffic condition,
etc.) and digital development is a
well-established company
practice at all hierarchical levels
[Customer treated as a “data
source”]

HADA (Spanish Government
assessment)

Leader
(estimated
between 800 and
1000 points)

In order to reach the highest level,
it must take into account to a large
extent each of the 5 scored areas,
including the area: Organisation
and people identify the
capabilities of the organisation
and its model of relationship with
other stakeholders
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models are focused on improving the traditional value chain by improving
automation, increasing operational efficiency, and optimising structures (Niemczyk
& Trzaska, 2020). Therefore most business models focus on “new ways” to solve
“old dilemmas”: the modification of existing models and their adaptation to the
changing environment of the organisation. Definitions used in the majority of the
current approaches focus on creating added value from the value network. These
approaches very often see the aim of management in a different way. In other
words, “new dilemmas” to be solved emerge. Often, the business objective is no
longer a simply defined goal in the form of an expected level of profit or expected
value for shareholders. Rather than that, concepts which evade easy definition
emerge: the value of the ecosystem, understood as an adaptation between the
company and stakeholders (actors) of the ecosystem (Jacobides et al., 2018) as well
as creating value in the ecosystem and capturing it (Moller & Halinen, 2017). “New
dilemmas” appear not only in the area of objectives but also of resources (whether
dematerialised or digital). Resources may be described by the language of the
collaborative economy, using the concept of value cloud, and the idea of building a
business around an IT and information platform or by mental diagrams from the
theory of complexity. Actions are also described in a new way: business models
refer to the unit of analysis that is the transaction (Niemczyk & Trzaska, 2020).
When at the level of objectives, resources, and actions, there are the “new dilem-
mas”, it turns out that the answer is not “customised” models. Instead, we need a
completely “new solution”: a model characteristic of Industry 4.0.

According to according to Niemczyk and Trzaska (2020), a business model to be
considered as an Industry 4.0 model (i.e., a “new way” of solving “new dilemmas”),
the following conditions must be met:

• combine the ways of generating value following the principle of servitisation;
• it must combine in such a way as to provide the possibility of generating

different value streams;
• it must combine different ways of generating value based on a uniform com-

munication protocol;
• must combine value streams (blending transactions) by through eliminating all

transaction cost carriers;
• it must generate value throughout the entire ecosystem;
• and all these combining processes must take place with the use of Industry 4.0

technologies.

Business models that meet these criteria can be divided into four groups of
models:

• data-based (creating data, selling data; gathering data, selling ads; predictive
analytics; gathering data, selling; predictive analytics; adding data goodness to
products; adding data goodness to existing services; creating new services
enabled by data mining)

• based on intelligent product and services (product-service systems);
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• product-oriented business models; utilization-oriented business models;
performance-oriented business models

• based on seemingly unscaled actions; the unbundled start-up; the rebundled
start-up; the aggregator model; the Holding Company Mode

• based on modern market competition strategies.

Further, business models can be separated as follow: Long tail; Multilateral
Platforms; Free as a business model; and Open business model. They were dis-
cussed extensively in the separate texts of the authors who created the above
classification (Niemczyk & Trzaska, 2020; Niemczyk et al., 2019).

When classifying models, the subject matter can be approached not only from
the side of analysis (above) but also from the side of synthesis (below), by
describing the innovation archetypes in an Industry 4.0 business model. An inter-
esting example is the classification developed by Weking et al. (2018) describing
three fundamental innovation archetypes and their sub-archetypes. These are as
follows:

1. New processes
(Crowd sourced innovation; Manufacturing as a Service; Mass Personalization)

2. Servitisation
(Long-term partnerships; Product as a service; Result as a service)

3. Expertise as a service
(Product-related consulting; Process-related consulting; Brokerage platforms;
IoT platforms)

The description of business models which are “new solutions” for “new
dilemmas” within Industry 4.0 goes beyond classifications based on analysis or
synthesis, as well as thinking in terms of purpose—resources—process. The new
business models also give rise to a new way of business (co)operation: coopetition,
going beyond traditional co-operation, and competition dilemmas (Czakon et al.,
2020).

4 The Development of Current Models—Environmental
Factors

Moving business models between markets or looking for an analogy with an
existing model is a process that is risky and creative at the same time. On the one
hand, one can surmise that every market has its own characteristics and it is
unreasonable to ignore this fact. However, on the other hand, transfers from one
field to have a high potential for creativity and can provide a strong boost for
development in the area to which the model is transferred. As an example, one
could quote a model from the realm of psychology: the perspective theory by
Tverski and Kahneman (1979), which describes decision-making processes under
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conditions of another uncertainty. This model was transferred from cognitive
psychology to economic research, creating behavioural economy (Kahneman,
2013).

Why take this risky and at the same time creative challenge with regard to
Industry 4.0 and the automotive industry? The reasons may be found in the very
nature of the fourth industrial revolution, as it is expected to cause the following
changes:

However, the nature of the changes is shown not only by the publications of
futurists but also by marketing manuals (close to the reality of the market). While
between 2010 and 2019, one could think in the categories of “moving from tra-
ditional to digital” (Kotler et al., 2016) that show the world of new technologies as
forcing a change in traditional thinking, after 2020 the thinking has shifted to
“Technology for humanity” (Kotler et al., 2021) that shows how to integrate
technology and business models into the new consumer behaviours that have
emerged over the years 2010–2019.

Even when remaining within the sphere of traditional product descriptions
(Kotler et al., 2019), it can be noted that a new development area is being created
for business models, especially those of the first group discussed earlier: modifying
existing models and adapting them to the changing environment of the organisation
(looking for a “new way” in Industry 4.0 to resolve “old dilemmas”). These models
aim to achieve excellence (e.g., Digital Maturity) in manufacturing, distribution and
collaboration with suppliers and customers. They therefore place development
within the first, second, and third product levels (respectively: Core benefit; Generic
product; Expected product). The remaining product areas fourth and fifth (Aug-
mented product: Potential product) may be less related to real technological
excellence. After all, they have to do with the consumer’s beliefs about additional
features, benefits, attributes or related services that serve to differentiate the product
from its competitors, and consequently to customer loyalty. Areas four and five of
the product offer an opportunity to modify beyond digitisation and optimisation.

The new directions available for development include (Kozarkiewicz, 2019): an
orientation on continuous customer interactions (including, among others, constant
on-line availability for customers), personalisation of customer offerings (through
big data and web analytics tools), adding value to the company’s offer by the
user/customer (e.g., creating and supporting website content by customers, gener-
ating information by customers to the supplier of goods/services), creating social
networks around the provider of goods/services (e.g., video blogs, forums, chats).
However, these are still changes to individual aspects.

It may be worth considering modifications of at least levels four and five of the
product, or the development of the whole business model beyond Digital Maturity,
using a proposal from outside the automotive industry. Such a proposal is set out
below.
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5 The Development of Current Models—A Proposal
for Development

The business model was developed in two stages: in 2018 and 2020. In 2018, data
from 2017 to 2018 were analysed with the aim of building a business model. In
2020, data from 2019 were analysed, this time with the aim of re-verifying the
business model. In addition, already in 2018, references of the model created to
well-functioning free time organisations were successfully found, which can be
considered as part of model verification.

Due to the characteristics of the research data, the qualitative approach was used
in the data analysis. In the 2018 research, the main tool was semantic analysis—a
technique for categorising and processing data of a qualitative nature as well as
short statements and descriptions (Liu et al., 2018; Sezgen et al., 2019; Xiong et al.,
2019). Importantly for the subject of the study, this method was used for data of a
similar nature from the leisure industry, as it appears to be irrespective of the
specific characteristics of the local market described and the affiliation of the
researchers themselves (Gorgadze et al., 2019; Homburg et al., 2019; Liu et al.,
2019). Semantic analysis was used to build a model relating to entrepreneurship and
new forms of business activity, which had already been practiced before (Erpf,
2019). In the 2020 research, content analysis was used. This choice had to do with a
smaller number of research material. However, of key importance for the choice of
the inference method were additional analyses carried out with regard to the sender
of the message and the assumptions made by the sender about the recipient, which
are non-material variables specific to content analysis (Klimkiewicz, 2013).

The analyses carried out in 2018 on material from 2017 to 2018 showed as a
result the possibility for a 4-factor model describing conducting business in the
leisure industry in the reality of the fourth industrial revolution. The result was
arrived at in the following three steps:

1. Summarising the kinds of business activities in the leisure industry.
2. Putting the companies’ description of their activities through semantic analysis

and obtaining 4 descriptive categories as a result.
3. Verifying the overlap of the four descriptive categories with the activities of the

analysed entities.

The analyses conducted in 2018, based on the 2017–2018 material, found their
final form by describing how modern leisure industry organisations operate through
the following categories:

• Customisation (extreme)
• Hand-made (not by a robot)
• Real time feedback (and action)
• Creativity (unordered)
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Since the Start-up Challenge was also run in the next year, the next step in the
analysis was to verify whether the 4-factor model, derived from 2017–2018
material, was also available to obtain based on the 2019 material. To this end, the
same steps as those taken on the 2017–2018 material were repeated on the 2019
material. With the new material (from 2019), it was possible to ask new questions
for the 4-factor model that had been previously created. The main dilemmas were
whether there had been any changes in the structure of the companies in the
described industry and whether the 4-factor model was still relevant to describe the
activities carried out. In the material from 2019, as in the classification of the way in
which 18 entities from 2018 operated, three categories are equally filled: Cus-
tomisation (extreme), Real time feedback (and action); Creativity (unordered). As in
2017 and 2018, the material from 2019 was relatively represented in the category:
Hand-made (not by a robot). This may be due to the proportion of leisure industry
business initiatives that are linked to online purchases. Such services are usually
intangible or are provided by software that has the nature of artificial intelligence,
hence the representation for the category: Hand-made (not by a robot) is less
significant.

The next step was to review the 4-factor model created based on the 2017–2018
data in relation to a non-start-up organisation. This analysis step attempted to map
the obtained model with its 4 descriptive categories to a leisure time organisation
which has existed for many years on the market and has been functioning in the
reality of a smart city. The Norwegian Fisheries Museum in Bergen (Norges
Fiskerimuseum) was selected as an adequate facility to build references in a case
study, as it has been operating in Bergen, which is a smart city. Designed for
modern operation in terms of the idea of its functioning, it is now considered one of
the most interesting places in Bergen and Norway in general. A description of the
functioning of the Norwegian museum was “imposed” on the 4-factor model
obtained by analysing the functioning of start-ups (see Table 2).

As a result of the qualitative analysis (Table 2), the obtained model was con-
firmed with regard to an efficient organisation from the leisure industry, which is
not a start-up but has been active for many years (although reformed in recent
years) as a museum. Detailed analyses of the material in Table 2 are provided in a
separate publication (Rosinski, 2019).

A case study of an organisation that is not a start-up also showed that the
category Hand-made (not by a robot) is the second most saturated category when it
comes to the descriptions of operation. Therefore, early poor saturation may be due
to the specificities of the organisations being analysed (start-ups using online
shopping apps in 50% cases), rather than to the characteristics of the leisure
industry.

The case study analyses for the museum have also pointed to another aspect of
the organisation’s operation. It appears that a separate added value emerges here,
resulting from the synergy between the four areas, such as, for example, solutions
created with one’s own hands foster creativity and facilitate considering the service
as customised to one’s personal needs, while all of it happens in real time.
Therefore areas presented in Table 2, although they are separate, when applied in
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individual ideas for activity may remain in interaction, increasing the added value
for the user (Fig. 1).

It seems, therefore, that we can see a stability in the trend in subsequent years as
regards the two ranges:

Table 2 Description of conducting business activity by the Norwegian Fisheries Museum in
Bergen as an organisation representing the leisure industry—allocation in four categories (own
work)

Customisation (extreme) Hand-made (not by a robot)

1. ways of reaching the museum building
2. switchable visiting paths (at any time)
3. elements of spatial arrangement “invite” to

take breaks freely and find one’s own pace
4. wide range of rest areas diverse in terms of

quality
5. staff approving of the adaptation of the

space for one’s personal needs (picnic
spots, places to have a snack)

1. manual turning, moving, pushing
necessary to get content of the exhibition

2. making discoveries independently
(microscopes + ability to place different
objects for viewing)

3. varied “sensory experiences” for children
and adult visitors

4. fishing independently on a micro scale (for
children)

5. wooden jigsaw puzzles (maps, marine
organisms)

6. manual skills tasks related to the sea
(fishing with magnetic rods)

7. path “A world under water” allows to have
a personal experience of individual “ocean
floors”, is composed of elements which
allow a “personal experience”

Real time feedback (and action)
1. interactive exhibition screens
2. thematic computer games
[and similarly as for category Hand-made
(not by a robot)]
3. manual turning, moving, pushing

necessary to get content of the exhibition
4. making discoveries one one's own/by

oneself (microscopes + ability to place
different objects for viewing)

5. varied “sensory experiences” for children
and adult visitors

6. fishing with one’s own hands on a micro
scale (for children)

7. wooden jigsaw puzzles (maps, marine
organisms)

8. manual skills tasks related to the sea
(fishing with magnetic rods)

9. path “A world under water” allows to have
a personal experience of individual “ocean
floors”, is composed of elements which
allow a “personal experience”

Creativity (unordered)
1. creating one’s own visit and one’s own

space to rest
2. interactive avatars created from photos of

visitors within the space of the town (on
screens)

3. wooden and electronic jigsaw puzzles
4. unexpected activities along the way (huge

crab statue, fishing, entering a metal diving
suit)

5. availability of objects inviting to use
according to one’s imagination, taking
photos
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• the ability to describe economic initiatives within the leisure industry using the
four proposed categories

• the tendency to assign entities more strongly to one of the categories, and a
relatively less presence of entities described in the next of the categories, which
can be linked with market trends (growth in initiatives and web services related
to the leisure industry)

The proposed 4-factor business development model is shown in Fig. 2.
The proposed model does not imply the need for SMEs from the leisure industry

to take up four of the 4 factors proposed. Rather, it shows the areas of opportunity
and the more opportunities are met, the more beneficial it is for the company. The
data based on which the model was constructed indicated that the organisations
active on the market carried out three out of four or four out of the four factors of
the model.

By far the most justified from the point of view of the literature (Brzeziński &
Stefańczyk, 2013; Cohen et al., 2019; Tohanean & Weiss, 2019) is the element
defined as creativity. At the same time, it is a very broad category (and therefore
non-specific), hence the clarifying Creativity (unordered) in order to show the
specificity of the category of creativity in the context of the described business
entities, and therefore the specificity of the leisure industry in the realities of the
fourth industrial revolution.

Already present in the economy after the third industrial revolution, Customi-
sation (extreme), or tailoring to the needs of the customer is a well-known
descriptive element. In this case, it is not so much a new descriptive element as a
growth in an already existing trend.
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Technology change 
(exponental curve) 

Organizations change 
(logarytmic curve) 

The gap between 
 technology 

 and organization 

The gap widens over time 
and eventually requiring 
“business model reset” 

Fig. 1 Martec’s law. Source own elaboration on base: Kupilas et al. (2019)
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Previously nearly absent in literature, the two remaining categories are relatively
new elements in the business model:

• Hand-made (not by a robot)
• Real time feedback (and action).

What is described as real time feedback (and action) is already present in the
relationship between software and user (especially in games and entertainment
programs), thus in this case leisure industry organizations fit into an already existing
trend.

The factor of customisation was certainly present in the earlier industrial revo-
lution (3.0.), for example, by producing short series of products, the ability to
choose additional features or supplement the product with minor differentiators
(which increased the number of combinations), but in combination with the other
factors (hand-made; real time feedback; creativity), it provides a new expression.
These days, it is not so much the producer adjusting to the needs of his or her
customers (read their needs and respond), but we witness a change in which the
customer personally, on their own and by means of their activity (hand-made)
creates a solution, freely combining elements in unexpected new wholes (creativity)
and immediately achieves an effect (real time feedback). Such a way of thinking is

SMEs
(leisure

industry)

Customisation 
(extreme)

Hand-made (not by 
a robot) 

Real time feedback 
(and action)

Creativity 
(unordered)

Fig. 2 Proposed 4-factor business model for SMEs operating in the leisure industry
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already present in the leisure industry (creating a character in games such as The
Sims 4 or World of Warcraft). It is transferred out of the games from the virtual
world to the real one (although this division seems to get increasingly fuzzy) and is
transferred to new areas, outside games.

What is a non-standard element is the expectation that the product or service are
not only surprising in its novelty, tailored to one’s expectations and delivered
quickly, but also that they are not generated automatically by robots: thus the
category Hand-made (not by a robot). It seems that it is the last of these categories
of descriptive categories that has the greatest potential for development for the
leisure industry. It is a potential associated with redefining past activity and func-
tioning according to new rules so as to perform new functions. Libraries have
undergone such redefining. From places in which one checks out books they have
become a common space to spend time in a friendly atmosphere, as well as places
which “create culture” through events and permanent features carried out in the
space of the library. A similar thing happened to museums, which used to be spaces
for: collecting, describing, conserving, and presenting, become interactive spaces of
experience, integrating groups of visitors (families, school groups).

6 Final Conclusions

The limited scope when it comes to the industry may be a constraint on the pro-
posed model, but if it is taken as inspiration for the development of modifications to
the 4th and 5th levels of the product or development of the whole business model
beyond the final stage of Digital Maturity, it may be that those describing and
predicting the development of Industry 4.0 will see it as (again) an increasingly
oriented toward the relationship with the customer.
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Geographical Factors
for the Implementation of Industry 4.0
in Central Eastern Europe

Roland Z. Szabó and Lilla Hortoványi

Abstract

Studying the geographical factors for Industry 4.0 implementations is a novel
research line. Only a few studies tried to define the term Geography 4.0, and we
are lack empirical evidence of potential regional differences. Besides, the use of
digital technologies is a key element and a triggering factor in the business
model innovation nowadays. Therefore, we conducted empirical research among
302 Industry 4.0 aware business to business companies in various regions of four
Central Eastern European countries to reveal the associations between the use of
digital technologies and geographical factors. We found that business model
innovation towards Industry 4.0 triggered by the use of digital technologies is
more advanced in central and knowledge-intensive regions in the case of
high-value activities, which may cause further divergence and not a convergence
of regions.

1 Introduction

Despite this growing interest in research and industrial policy-making for Industry
4.0, little is known about—and mainly based on case-study findings—what the
European industry and research system is doing in this context, whether there are
country or region-specific differences, and whether there are few key regional hot

R. Z. Szabó (&)
University in Győr, Egyetem tér 1., Győr 9026, Hungary
e-mail: szabozsoltroland@yahoo.com

L. Hortoványi
Corvinus University of Budapest, Fővám tér 8, Budapest 1093, Hungary
e-mail: lilla.hortovanyi@gmail.com

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
K.-I. Voigt and J. M. Müller (eds.), Digital Business Models in Industrial Ecosystems,
Future of Business and Finance, https://doi.org/10.1007/978-3-030-82003-9_15

235

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82003-9_15&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82003-9_15&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82003-9_15&amp;domain=pdf
mailto:szabozsoltroland@yahoo.com
mailto:lilla.hortovanyi@gmail.com
https://doi.org/10.1007/978-3-030-82003-9_15


spots (Ciffolilli & Muscio, 2018). Diodato and Morrison (2019) highlights that the
geographical distribution of innovative activities is an emerging subject, but still
poorly understood; and relatively little attention has been devoted to investigating
jointly the sectoral and the geographical dimensions behind these processes, in
particular from a long-term perspective.

Since business are aware of the challenges imposed by the fourth industrial
revolution and many of them already started to transform their operations, however,
there is little understanding of which regions have the potential to diversify into and
develop the new technologies of Industry 4.0 (Balland & Boschma, 2021). In
addition, there is still limited evidence on the geography of Industry 4.0 and the
factors defining the readiness of a region to transform successfully its business (De
Propris & Bailey, 2020).

The stake is high. If European companies are unable to keep up with their
production, new competitors will rise (Bloching et al., 2015). Consequently, the
objective of the present study is to improve our understanding regarding regional
differences in business model innovation towards Industry 4.0 by the analysis of the
use of digital technologies in several key activities of the firms’ value chain.
Although, our research is based on a sample of various Central and East European
regions understanding the differences is critical for providing better and more
effective support to all European regions.

The next section outlines the main literature about the geography of the fourth
industrial revolution where we point out the regional differences caused by the
fourth industrial revolution and the importance of knowledge-intensive regions on
firms’ business model innovation towards Industry 4.0. Besides, we identified that
the use of digital/Industry 4.0 technologies in the key activities of the firms’ value
chain is a good indicator for the level of the digital transformation. The theoretical
chapters are followed by a brief discussion on data collection and the choice of
methodology. We conducted our research in various Central Eastern European
regions based on the analysis of 302 Industry 4.0 aware B2B (business to business)
firms. Discussion of the results and concluding remarks will sum up the contri-
bution of the research highlighting the importance of regional dynamics and the
need for actions.

2 Geography of Industry 4.0

Over the twentieth century, improvements in transportation and communication
systems allowed increasing geographical fragmentation of production and
increasing global trade in intermediate inputs, which will be likely reversed by the
Internet (Leamer & Storper, 2001). The growing number of studies confirmed the
importance of geographic location on knowledge flow and regional innovativeness
(Bell & Zaheer, 2007) which depends on the expertise and talent available in the
proximity of the firm (Cantwell & Salmon, 2018).
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The distribution of human capital is found to be a driving force for the growth
and development of cities and regions; hence, it is considered to be an important
factor in economic geography (Florida, 2002). Becattini (2015) argues that the
inhabitants of a place are always engaged in the local production (aware or not) by
influencing and determining the territory’s knowledge base. Previous studies
affirmed, in particular, that technological disruption can lead to an uneven distri-
bution of new technologies at the regional level, benefit mainly the regions that
have previously accumulated more technology-specific knowledge in their existing
knowledge base. Throughout history, industrial sectors whose knowledge base and
capabilities are linked to new, emerging radical innovations have been able to
develop dynamically (Castellacci, 2008). Those regions are the winners of tech-
nological development that can make extensive use of new opportunities due to
their previously accumulated technical-logical capabilities.

Industry 4.0 therefore will have a more dramatic effect on economic geography
than previous rounds of industrial revolutions. First, Industry 4.0 will bring fun-
damental changes in the management of geographically dispersed value chains
(Strange & Zucchella, 2017). Second, it will possibly concentrate on the economic
growth in big cities and away from deindustrialised suburbs and smaller cities
(Bellandi et al., 2020). Consequently, Industry 4.0 technologies are likely to be
prevalent in advanced manufacturing regions with greater availability of techno-
logical capabilities (Corradini et al., 2021).

Evangelista and co-authors (2018) concluded that there is a large amount of
evidence, both at national and regional levels and that competencies and capabilities
are not evenly distributed, but relatively concentrated in specific areas. Analysing 294
NUTS2 regions, Ciffolilli and Muscio (2018) concluded that Industry 4.0 activities
are strongly concentrated, in terms of obtained resources, in core Europe at the
sub-national level, thus there are regional disparities. Moreover, Muscio and Ciffolilli
(2020) concluded that the geography of Industry 4.0 is highly uneven in Europe. EU
is falling behind technologically, in terms of the share of value-added in ICT goods
and services in total manufacturing exports compared to the US, Japan, Korea and
China, which potentially can damage the European welfare (Bachtler, 2019). This is a
critical problem—continues Bachtler (2019)—especially because the EU is lack
young and leading innovators in knowledge-intensive sectors that can grow to
become large, thus the long-term competitiveness of European manufacturing is at
stake. Indeed, in the ICT field, there is only one European company (#19 Deutsche
Telekom) among the global top 20 digital companies (Forbes, 2020).

2.1 Regional Divergence Caused by the Fourth Industrial
Revolution

The fourth industrial revolution is expected to have effects on the geography of
knowledge production and innovation in Europe (Balland & Boschma, 2021).
Although Industry 4.0 is yet unfolding, because the widespread deployment of its
constituent technologies is still some years away, it has the potential to transform
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productive labour as we know it (Reischauer, 2018). An increasing number of tasks
traditionally performed by humans will be conducted by robots (Cowen, 2013)
disrupting and fundamentally changing many occupations (Brynjolfsson & McA-
fee, 2014; Szalavetz, 2018). It is evident, however, that the changing nature of work
results in challenges for organisations’ human resource needs (Barley et al., 2017).

The disruption of new technologies is costly to society (De Propris & Bailey,
2020). For example, the new skill requirements in the economy can cause a skills
gap and skills obsolescence increasing unemployment and polarising the labour
markets. Autor et al. (2013) found that technological change induces unemploy-
ment in routine and task-intensive production and clerical occupations both in the
manufacturing and non-manufacturing sectors. Although the new technologies will
also create new and complementary jobs, however, these jobs require significant
and wide-ranging upskilling (Bachtler, 2019).

The creation of new skills and jobs and the loss of older ones may not be a
consequence but a precondition for the transformation of local production systems
(Bellandi et al., 2018). Empirical studies found evidence that workers are more
productive when they locate around others with high levels of human capital, while
other studies confirmed that human capital is strongly associated with urban and
regional growth (Florida, 2002). The fourth industrial revolution builds on diversity
and promotes urbanization (Götz & Jankowska, 2017). Socio-pessimists fear that
digitisation will amplify existing inequalities because technology adds an extra
hurdle to full participation, further marginalising historically disadvantaged people
and countries (Helsper, 2021).

2.2 The Importance of Knowledge-Intensive Regions
on Firms’ Business Model Innovation Towards Industry
4.0

Due to the increasingly complex nature of technology, the boundaries of the firm
cannot fully encompass any longer the challenge to generate new knowledge and
innovate in isolation (Cantwell & Santangelo, 2002). It is just enormously chal-
lenging for a single organization to follow all the trends and innovations needed for
staying ahead of the competition. (Diodato & Morrison, 2019) conceptualises
innovation as a systemic process, which is the outcome of interactions and feed-
backs between a variety of actors, public, and private.

Many other scholars share this view and argue that for companies to survive, and
they need to establish research collaborations along with the development of their
technological readiness (Nick et al., 2019). Because of the unprecedented speed of
technological and societal change, which translates into highly uncertain environ-
ments, triple or quadruple helix partnerships are vital (Wostner, 2017). Rather,
ecosystems of open, interconnected networks of stakeholders—companies,
knowledge institutions, the government and NGOs—must learn to cooperate to a
much greater extent through strategic partnerships (Bachtler, 2019).
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Reischauer (2018) argues that Industry 4.0 is a discourse between business,
academia, and politics, and all of them aims to influence and shape the course of
Industry 4.0 by communicative means. These actors can innovate in ways that fit
best their interests and capabilities in order to accomplish this shared vision. In
summary, firms must seek access and cooperation with universities and knowledge
institutions in order to succeed in the business model innovation towards Industry
4.0. Therefore, a firm located in a region where the number of higher educational
institutions and scientific research and development institutes and the number of
people with tertiary education is higher is more likely to use digital/Industry 4.0
technologies in various key activities of its value chain.

2.3 Digital/Industry 4.0 Technologies in the Firms’ Value
Chain

The use of digital/Industry 4.0 technologies is a key element and a triggering factor
in the business model innovation nowadays. Several digital/Industry 4.0 tech-
nologies can be used in different activities of the firm, and some examples are
shown in Fig. 1.
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and Sales:
BI, real-time 
CRM, 
forecasts, 
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Inbound
Logistics:
autonomous 
robots, 
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sensors,
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Finance: real time financial and investment planning

Procurement: real time supplier evaluation, e-bidding

Firm infrastructure: data security, cyber-physical systems, sensors

Technology development: Big Data, cloud computing, data security

Human-resource: data-driven performance management
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Fig. 1 Digital/Industry 4.0 technologies in the firms’ value chain. Source based on Szabó and
Hortoványi (2021)
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Firms’ activities and resources that used to be physical are now digital. For
example, internal processes in companies were once heavily dependent on paper
document flow, but now digital technologies allow remote interaction. Organiza-
tional resources can be viewed as bundles of tangible and intangible assets
including a firm’s management skills, organizational processes and routines, and
the information and knowledge it controls (Barney et al., 2001). The value of
resources, however, can be enhanced or decreased by changes in technology
(Pavlou & El Sawy, 2006). Digital resources and capabilities are not simply formed
as a result of technological investment (Fry & Talja, 2007), only when an ICT
resource becomes firm-specific, embedded within the organizational processes, then
it constitutes a digital resource and capability (Boothby et al., 2010; Wu et al.,
2006).

Moreover, digital/Industry 4.0 technologies are becoming more and more ‘key
enabling technologies’ (KETs) (Goldfarb et al., 2019; Martinelli et al., 2019;
Simon, 2019). The adoption of system-wide KETs has been presented as a major
source of economic benefits by the European Commission (2011) and also by many
scholars (Evangelista et al., 2018; Muscio & Ciffolilli, 2020). Yet, a key consid-
eration is that not all enabling technologies share the same transformative potential
(Teece, 2018).

The above discussion on previous researches suggests region-specific factors and
the use of digital/Industry 4.0 technologies in the key activities of the firms’ values
chain should be jointly considered to explain the ability of regions to succeed in
digital transformation (Diodato & Morrison, 2019).

3 Methodology

Central and Eastern European countries due to their strong interdependencies with
other European economies have an impact on Europe’s competitiveness. West
European societies such as Germany and France have shifted their industrial
activities to locations in Central and Eastern Europe (Faust et al., 2004). Their
current growth model is mostly based on assembly (Backé et al., 2019). From these
countries, data were gathered in various regions in Slovakia, Hungary, Romania,
and Serbia.

3.1 Sampling

The population of the sample is the Industry 4.0 aware B2B companies. The initial
list of B2B firms was obtained from the local entities that help the transformation of
the national manufacturing industry. For example, in Hungary, the members of the
Industry 4.0 National Technology Platform Association were contacted. Alto-
gether, in 2019, there were less than 200 companies in each participating country
(Hungary, Romania, Serbia and Slovakia) that was Industry 4.0 aware.
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Altogether we collected 302 full responses: 78 from Hungary, 29 from Romania,
118 from Serbia, and 77 from Slovakia. These numbers are high, considering the
small population of Industry 4.0 aware B2B firms. Besides, the sample purposely
comprised homogenous companies to reduce the variability of the data.

3.2 Measures of Geographical Factors

The type of settlement was divided into three categories: capital, city, smaller
settlements. We measured the number of higher educational institutions and sci-
entific research and development institutes on a settlement level in 2019.

We made socio-economic analyses of the regions at the NUTS 2 level, which are
basic regions for the application of regional policies and NUTS 3 level, which are
small regions for specific diagnoses (Eurostat, 2021). We used the data from
Eurostat and SORS for 2019 at NUTS 2 level for the proportion of upper secondary
and post-secondary non-tertiary education (levels 3 and 4) and tertiary education
(levels 5–8). The classification is based on the International Standard Classification
of Education (ISCED) 2011 levels (UNESCO Institute for Statistics, 2011). We
used the data from Eurostat and SORS for 2017 at NUTS 2 level for the proportion
of R&D personnel and researchers and NUTS 3 level for the proportion of
employed persons in (manufacturing) industry.

3.3 Measures of the Use of Digital Technologies

We measured the use of digital technologies on a five point Likert-scale (from
(1) strongly disagree to (5) strongly agree) using thirty items in the following six
areas: (1) technology, (2) strategy and organisation, (3) marketing and sales,
(4) production, (5) logistics, and (6) procurement.

4 Results

4.1 The Use of Digital Technologies

Out of the thirty items measuring the use of digital technologies, technology-related
items were the most used (four out of the TOP5). They refer to that the intensive use
of digitisation and automation gives a competitive advantage to the firm. Besides,
the support of the top management to implement digital strategies ranked third
(Fig. 2).

We reduced the thirty items to six meaningful factors using principal compo-
nents analysis with varimax rotation: (1) technology, (2) strategy and organisation,
(3) marketing and sales, (4) production, (5) logistics, and (6) procurement. The
Kaiser–Meyer–Olkin (KMO) coefficient, a measure of sampling adequacy, was
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Fig. 2 The use of digital technologies
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0.918, and Bartlett’s test of sphericity was significant (p < 0.001). This solution
explained 64.63% of the total variance and was characterised by strong individual
loadings on each factor (Table 1). We saved the factor scores using a regression
method for further analysis.

We defined these factors as digital technology use scales and tested the reliability
of each scale. For each, the value of Cronbach’s alpha is greater than 0.7 meaning
that the items are measuring the same phenomenon (Table 1).

4.2 The Use of Digital Technologies and Geographical
Factors

Marketing and sales-related digital technologies are used significantly more in firms
located in capitals compared to cities or smaller settlements. Besides, the use of
digital technologies in production are used significantly more in firms in smaller
settlements than in capitals (Table 2).

Geographical factors influence the use of digital technologies in the areas of
technology, strategy and organisation, sales and marketing and production. Tech-
nology, strategy and organisation, and marketing and sales move together, they are
affected in the same direction by geographical factors, while production moves in
exactly the opposite direction (Table 3).

5 Discussion and Conclusions

This paper contributes to nascent literature by analysing the diverse geographical
distribution of Industry 4.0 technologies and the drivers behind their diffusion
across European regions (Corradini et al., 2021). This helps us to understand to
what extent the knowledge base of regions impacts their likelihood to become
leaders in knowledge production and implementation in digital/Industry 4.0
technologies.

The use of digital technologies in different areas of the firms’ value chain is
significantly different in the studied regions, except in the field of logistics and
procurement. Logistics and procurement are less developed and less digitised areas.
This might be because the technology is not ready yet or these areas are not
catching the top management team’s attention. Another possible explanation could
be that logistics are outsourced in many cases. Moreover, procurement activities are
less frequent and have more individual characteristics; therefore, they are less
suitable for digitisation and automation.

Central and knowledge-intensive regions with more higher education institutions
and scientific research and development institutes have a clear advantage over less
knowledge-intensive regions in the areas of strategy and organisation and
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Table 1 The use of digital technologies: scale development and reliability

Scale Item description Standardised
loading

Technology The increase of digital technologies represents one of
our main goals

0.713

Eigenvalue:
4.123

The intensive use of digitisation and automation allows
us to increase our performance against competitors

0.830

% of variance
explained: 13.74

The intensive use of digitisation and automation allows
us to satisfy the needs of our clients better

0.835

Cronbach’s
alpha: 0.89

The intensive use of digitisation and automation allows
us to increase the revenues

0.847

Strategy and
organisation

Our employees in administrative departments possess
the skills needed to cope with digital applications

0.527

Eigenvalue:
3.656

Our employees in the production department possess
the skills needed to cope with digital applications

0.583

% of variance
explained: 12.19

We offer sufficient training activities related to the use
of digital technologies

0.604

Cronbach’s
alpha: 0.88

At our company, innovation is based on digital
technologies

0.500

We use digital communication systems to interact with
customers

0.513

Our management truly supports the implementation of
digital strategies

0.582

We integrate digitisation within the corporate strategy 0.579

Both our mission and vision are aligned with digital
technologies

0.513

Marketing and
sales

We use digital technologies to frame marketing and
sales campaigns

0.778

Eigenvalue:
3.607

We collect market data using digital applications 0.836

% of variance
explained: 12.02

We analyse market data using digital applications 0.772

We use digital technologies to improve service
activities

0.595

Cronbach’s
alpha: 0.85

We use digital technologies for recruiting and selecting
personnel

0.546

Production We use digital technologies to support production
activities

0.638

Eigenvalue:
3.220

We facilitate the implementation of automatic
production processes

0.653

% of variance
explained: 10.73

We have intelligent production facilities 0.761

We enable manufacturing execution systems 0.642

Cronbach’s
alpha: 0.82

We use machine and plant data collection 0.658

Logistics We use digital technologies to support both inbound
and outbound logistics

0.555

0.823
(continued)
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marketing and sales. Marketing and sales-related digital technologies are used in
capitals more than in cities and smaller settlements. Management activities and
marketing and sales-related activities are high added value activities, thus sup-
porting them with digital technologies are rewarding.

Table 1 (continued)

Scale Item description Standardised
loading

Eigenvalue:
2.580

The activities within our warehouses are fully
automated

% of variance
explained: 8.60

Transportation activities are planned using digital
technologies

0.692

Cronbach’s
alpha: 0.79

The manipulation of both raw materials and finished
products is done automatically

0.696

Procurement We use digital technologies for procurement 0.520

Eigenvalue:
2.208

We use digital communication systems to contact
suppliers

0.630

% of variance
explained: 7.34

We use online bidding and negotiation 0.706

Cronbach’s
alpha: 0.73

We use e-procurement technologies 0.543

aPrincipal component analysis with varimax rotation and Kaiser normalisation converged in nine
iterations

Table 2 Differences in the use of digital technologies in settlement types

Settlement type

Group meansa

Scale
dimensions

Smaller
settlement
(n = 27)

City
(n = 63)

Capital
(n = 72)

Univariate
F-value

Scheffe multiple
comparisonb

Technology −0.057 −0.041 0.107 0.642

Strategy and
organisation

−0.118 −0.055 0.240 2.757

Marketing and
sales

−0.295 −0.085 0.391 9.025** Ca > Ci, Ca > Ss

Production 0.197 0.047 −0.252 3.613* Ss > Ca

Logistics 0.070 0.011 −0.100 0.489

Procurement 0.191 −0.048 −0.016 1.201
aStandardised values (Mean = 0, STD = 1), below 0 means below average, above 0 means above
average
bPost-hoc analysis of differences (p � 0.05) demonstrating the extent to which settlement types
differ in the extent to which they use digital technologies where: Ca = “Capital”; Ci = “City” and
Ss = “Smaller settlement”
**F-value is significant p � 0.01
*F-value is significant p � 0.05
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The business model change in the fields of technology, strategy and organisation
and marketing and sales, is harder and slower in less knowledge-intensive regions
where the proportion of R&D personnel and researchers and people with tertiary
education is lower and the proportion of people with upper secondary and
post-secondary non-tertiary education is higher. Moreover, the use of strategy and
organisation and marketing and sales-related digital technologies are lower in
regions where the proportion of employed people in the (manufacturing) industry is
higher. Digital technologies in production are used significantly more in firms
located in smaller settlements than in capitals. A possible explanation for this is that
production is a low added value activity, and mass production is displaced from the
capital to rural areas. Using digital technologies in production does not require the
presence of a high number of higher educational institutions or scientific devel-
opment and research institutes but specialized entities are enough.

The Industry 4.0 implementation initiatives in production are targeting the
replacement of low skilled workers, especially in those regions, where the pro-
portion of employees with upper secondary and post-secondary non-tertiary edu-
cation and the proportion of employed people in (manufacturing) industry are
currently higher. This could lead to massive structural unemployment there in the
forthcoming years or it could mean a potential for further industrialization. Time
will tell.

To summarize the above-mentioned, it means that digitalisation/Industry 4.0
causes further divergence and not a convergence of the regions. The policy
implication derives from the above is that investing in higher education institutions
and scientific research and development institutes is essential in the Industry 4.0
competitiveness of a region. The high proportion of low skilled workers and a high

Table 3 Geographical factors and the use of digital technologies correlations

Geographical factors

Scale
dimensions

HEI RDI RDP TE USE EPI

Technology 0,079 0,046 0,130* 0,125* –

0,182**
–0,077

Strategy and
organisation

0,118* 0,122* 0,167** 0,168** –

0,176**
–0,139*

Marketing and
sales

0,255** 0,165** 0,196** 0,206** –

0,176**
–

0,174**

Production –0,200** –0,126* –0,075 –0,082 0,199** 0,122*

Logistics –0,075 –0,002 0,017 0,007 0,035 0,000

Procurement –0,045 –0,039 –0,049 –0,021 0,090 –0,041

HEI: the number of higher educational institutions, RDI: the number of scientific research and
development institutes, RDP: the proportion of R&D personnel and researchers, TE: the
proportion of tertiary education, USE: the proportion of upper secondary and post-secondary
non-tertiary education, EPI: the proportion of employed persons in (manufacturing) industry
**Pearson correlation is significant p � 0.01
*Pearson correlation is significant p � 0.05
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proportion of employed people in the (manufacturing) industry might be drivers for
further digitisation and automation of production; however, this leads to further
divergence and leads to a permanent middle or low-income trap of the region.
Regional aspects should be noted in the digital transformation towards Industry 4.0.
Policymakers should act accordingly.

The managerial implication is that location matters more than we might think.
The chances are significantly higher for digital transformation in high added-value
activities in the capital and knowledge-intensive regions. Further digitisation and
automation is a must for production which is low added value activity. Production
facilities may be pushed out into peripheral regions/settlements forever.
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