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Preface

The topic developed in the book—the relationship between knowledge management
and network technologies in the context of firm and its competitiveness—has been at
the core of our research interests since the 1990s. Over two decades different
technological revolutions took place, where specifically the new economy rooted
in the Web has transformed the business landscape forever. Research has been able
to identify the opportunities and challenges of the adoption of information and
communications technologies (ICT), specifically as far as Small and Medium-
sized Enterprises (SMEs) and innovation dynamics are concerned.

In the last five years, digital technologies included under the “Industry 4.0”
umbrella concept have opened new potentialities, with a potentially radical shift in
the production and distribution of value and business competitiveness across coun-
tries. The rise of attention toward such technologies has been particularly empha-
sized by many national policies oriented to foster the adoption of Industry 4.0
technologies, by stressing the potential gains of the digital manufacturing scenario,
organizational transformation, and value chain configurations. The focus on the
importance of Industry 4.0 adoption led to underestimation of the implications on
how activities are organized within the firm and between firms and in particular how
knowledge is produced and shared among organizations. To fill this gap, we tried to
reflect on opportunities and threats of the use of Industry 4.0 in a knowledge
management perspective.

In this context, the book gathers theoretical insights and empirical analyses
related to the research project carried between 2017 and 2019 at the University of
Padova (Department of Economics and Management) and focused on the digital
transformation of manufacturing firms (project “Manufacturing activities and value
creation: redesigning firm’s competitiveness through digital manufacturing in a
circular economy framework”). Contributions to the book refer to scholars who
presented and discussed their research in relation to the final Workshop on “Creating
Value Through Manufacturing: Exploiting Industry 4.0 in a Circular Economy
Framework” held in Padova on March 14–15, 2019. This workshop gathered Italian
and German scholars to compare and debate their studies.
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In addition, further theoretical refinements included in the book are rooted in the
experience of the Venice International University—VIU Graduate Seminar
“Rethinking manufacturing, consumption, and globalization in the era of automa-
tion” held at the Venice International University, Venice, on September 9–13, 2019.
The VIU Graduate Seminar has been proposed to coincide with the 20th anniversary
of the TeDIS Center of VIU (now TeDIS program) launched in 1999.

Twenty years ago, the TeDIS Center has been developed proposing a specific line
of research devoted to study the relationship between the rise of network technolo-
gies and the model of organization of economic activities. In this new digital context,
the VIU Graduate Seminar has provided the opportunities to theoretically deepening
the understanding of the challenges and chances of this Industry 4.0 scenario,
suggesting a framework to interpret the transformations that will occur at multiple
levels in manufacturing and consumption. Insights emerged from the VIU Graduate
Seminar have been included in the Introduction and became inputs for the chapters
of the book.

The editors are grateful to the authors for their rich analyses and fresh views
provided on the relevant topic explored in the book and to the extraordinary
experience lived throughout those 20 years within the TeDIS—VIU.

Padova, Italy Marco Bettiol
Padova, Italy Eleonora Di Maria
Venice, Italy Stefano Micelli
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Industry 4.0 and Knowledge Management:
An Introduction

Marco Bettiol, Eleonora Di Maria, and Stefano Micelli

Abstract The fourth industrial revolution promises to deeply transform the busi-
ness landscape offering new opportunities to create and use knowledge. However,
firm’s knowledge management strategies have been supported by technological
investments for decades. The chapter explores two prior “revolutions” connected
to the digital technologies—ERP and the Web—and their implications for knowl-
edge management dynamics, identifying how Industry 4.0 technologies can further
enhance those processes and the related challenges. The main contributions from the
book are outlined in terms of relationships between Industry 4.0 technologies and
competences and geographical implications, focusing on new firms and connection
with the two strategic goals of operational excellence and environmental
sustainability.

1 Introduction

The study related to knowledge management and the firm is vast and has covered a
large set of topics. However, it is far from being exhaustive since the emerging
dynamic technological scenario related to digital technologies in general and Indus-
try 4.0 ones specifically asks for further attention on how knowledge is created, by
whom, for what purpose, and with which outcomes.

In management studies a large set of contributions have referred to knowledge
management as the key concept and relevant process firms have to deal with. From a
strategic management perspective, firms manage knowledge in order to sustain their
competitiveness and knowledge becomes the driver for the firm’s competitive
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advantage (Kogut & Zander, 1996). Differently from other theoretical frameworks
such as the transaction cost theory (Coase, 1937), the firm as a decision-making
mechanism (Cyert & March, 1963), or the agency theory of the firm (Alchian &
Demsetz, 1972), according to the knowledge-based theory of the firm, the firm can
be interpreted as a mechanism oriented to managing knowledge (Nonaka, 2000;
Spender, 1996). Knowledge becomes a key resource for firms, which have to
transform individual knowledge into organizational knowledge (Grant, 1996)
through appropriate processes of organizational learning.

Creating, elaborating, and transferring knowledge define different steps of the
knowledge management process and imply a variety of actors involved—both
within and outside the firms taking into consideration the variety of forms of
knowledge (Nonaka & Takeuchi, 1995). Knowledge management is seen as an
open, distributed, and extended process where individuals and organizations are
connected (Argyris & Schon, 1978; March, 1991; Pfeffer & Sutton, 2000). This
perspective has guided studies on innovation, which consider both technological and
user-driven forms of innovation and the degree of openness of such dynamics
(Chesbrough, 2003; Jensen, Johnson, Lorenz, & Lundvall, 2007). From a knowl-
edge sourcing perspective, actors within the firms with different levels of speciali-
zation and background are relevant (from R&D to marketing, from managers to
blue-collar employees), but also actors external to the organizational boundaries are
as relevant as internal ones—KIBS, suppliers, and customers (Di Bernardo,
Grandinetti, & Di Maria, 2012; Laursen & Salter, 2006). This is also reflected in
the geography of knowledge management, since knowledge sources can benefit not
only from physical proximity but also from other forms of proximity, such as social,
relational, or cognitive ones (Bathelt, Malmberg, & Maskell, 2004; Boschma, 2005;
Brown & Duguid, 2001).

In terms of processes of knowledge management, much attention has been given
to the level of knowledge codification to evaluate the degree of “stickiness” of
knowledge transfer (Szulanski, 2000; von Hippel, 1994) and how knowledge can
flow across actors and places (Cowan, David, & Foray, 2000). With the idea of
exploring the transformation of tacit knowledge into codified one, many studies have
put the attention on the role of information systems and on information and com-
munication technologies more in general. Among the many studies, Hansen, Nohria,
and Tierney (1999) provide a relevant contribution to the debate by suggesting two
possible strategies to managing knowledge transfer among individuals (organiza-
tions) also across the space: the people-to-people and people-to-document strategies.
While in the first one the emphasis is on personal interaction and social dynamics to
allow knowledge flows—especially in case of complexity of the knowledge to be
transferred—the second one is instead more focused on the exploitation of informa-
tion technological solutions—digital knowledge repositories—to collect embodied
knowledge, allowing distributed access. In the knowledge processes of knowledge
creation and acquisition/transfer different technological tools can be used (Basker-
ville & Dulipovici, 2006). The need to put attention toward the human side of
application of information technologies for effective knowledge management pur-
poses has been stressed also by Davenport (1994), who was among the many
scholars debating this topic. Davenport explores information technologies for
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knowledge management quite extensively (Davenport, 2007; Davenport & Prusak,
2000). According to his study, different types of complexity of the work to be done
by knowledge workers—routine vs. expert model/judgement/interpretation—as well
as the level of interdependency (individual vs. collaborative groups) generate four
different types of knowledge works which are associated with different sets of
information technologies that can support such works. Alternative technological
solutions should fit with the variety of knowledge to be managed: the more open,
collaborative, and complex is the work, the more is required for firms to have
knowledge repositories and collaborative tools, relying also on data mining and
analytics solutions. On the contrary, process applications and workflow management
or transactional technologies are more consistent with routinized, individual works,
while decision automation is for medium complex knowledge work. The rise of
information systems as technological systems oriented to support organization
process can be interpreted as a revolution occurring at the knowledge management
level. New set of technologies not focused on manufacturing—in the operations
department—but oriented to enhance the work of knowledge workers (in the office)
increase their productivity (Drucker, 1999).

This scenario has been further enlarged with the rise of the Web and the
opportunity for other actors to be involved in the knowledge management process
outside the organization (Kozinets, Hemetsberger, & Schau, 2008), where the role of
virtual communities has been emphasized (Rheingold, 1993). From this point of
view, the new economy has been seen as another technology-driven revolution,
where the focus is on the C in the information and communications technologies
(ICT) context. Beyond data management, the Web became the digital tool stressing
the connectivity potentiality and the transformation of forms of interaction at
distance among actors—especially in the consumer sphere (Armstrong & Hagel,
1996). Within the studies on lead users and customer-centric innovation processes
(von Hippel, 1986), the Web became the enabling infrastructure to provide cus-
tomers new toolkits (Von Hippel, 2001) and the new digital environment when
distributed innovation could take place (Nambisan & Nambisan, 2008).

Now the rise of new technologies related to Industry 4.0 (Schneider, 2018;
Ustundag & Cevikcan, 2018) is further changing the knowledge management
framework and how firms can leverage on such technologies for managing knowl-
edge and enhance their competitive advantage. Industry 4.0 as fourth industrial
revolution is the new competitive context in which the firm defines its strategy and
through which it creates value (Reinhard, Jesper, & Stefan, 2016). Industry 4.0
challenges strategic processes in terms of value generated within different activities
of the value chain (value of manufacturing) (Rehnberg & Ponte, 2018) as well as
geography (Strange & Zucchella, 2017).

From a knowledge management standpoint, Industry 4.0 opens new questions on
the process of organizational learning (knowledge creation, codification, and trans-
fer)—within the firm (Nonaka & Takeuchi, 1995)—but also across actors—may
they be firms (networks) (Inkpen, 1996), but also customers/users (communities)
(Brown & Duguid, 2001). The book aims at presenting the challenges of managing
knowledge in the context of Industry 4.0. The development of digital technologies

Industry 4.0 and Knowledge Management: An Introduction 3



applied to manufacturing (additive manufacturing, IoT, robotics, etc.) suggests a
paradigmatic change in value creation. Through theoretical and empirical contribu-
tions, the book provides insights on the way the Industry 4.0 technologies allow
firms to create and exploit knowledge. New technologies offer the opportunity to
acquire knowledge from a larger number of sources and open issues on how firms
approach innovation, organize activities, and develop new relationships with their
stakeholders in order to deliver on the market customized products and services.

2 Knowledge Management and Technological Revolutions

2.1 Knowledge Management, BPR, and ERP

The first managerial revolution linked to the introduction of digital in companies
coincides with the introduction of so-called integrated management systems as a
digital infrastructure for the management of companies. These technologies
represented an important technological leap forward compared to the traditional IT
tools available to companies since the end of the 1980s. Up to that date, business IT
had developed software solutions capable of responding to specific business func-
tions (administration, finance, production, marketing, etc.) without it being possible
to rely on shared databases and without being able to rely on simple solutions for the
management of inter-functional processes. Software for integrated business man-
agement (i.e., the world leader SAP) named Enterprise Resource Planning (ERP)
overturned this development logic by offering a single platform with different
applications for different business functions and a single reference database,
transforming IT in a fundamental driver for value creation rooted in new intelligence
built in the software (Gable, Scott, & Davenport, 1998; Micelli, 2017; Nevo &
Wade, 2010).

The introduction of these integrated management solutions triggers a profound
change in the functioning of the organizational dynamics of large multinational
companies, through a deep transformation called Business Process Reengineering
(BPR). This transformation coincides with a substantial change in the way organi-
zations are managed, going beyond the functional organization to adopt a model
structured by processes thanks to technology (Hammer & Champy, 2001). This
literature explicitly highlights the radical dimension of change imposed by new
technologies and proposes methods of intervention that aim to implement radically
new forms of process organization.

Information technology (IT) supports coordination within and among organiza-
tional units, where the BPR logic transforms the firm’s approach toward activities by
overcoming function boundaries to stress the interconnectivity among them. IT
becomes relevant in the BPR during different phases of BPR (Attaran, 2004): in
the design phase, technologies enable collecting, codification, and transfer of knowl-
edge related to the different activities, actors, and locations involved in the process to
be redesigned; in the implementation phase, IT allows gathering and analyzing the
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information concerning the performance and structure of the processes, where
codification of the process is intertwined with the codification of the knowledge
related to it; after BPR is implemented, IT monitors and sustains coordination also at
distance.

ERP represents the technological dimension of the firm processes and its imple-
mentation is connected with the adoption of a BPR logic within the firm. “The key
underlying idea of ERP is to achieve a capability of planning and integrating
enterprise-wide resources” (Xu, Wang, Luo, & Shi, 2006, p. 148). Especially in
geographically dispersed enterprises, ERP has been used for knowledge manage-
ment purposes, by coordinating the connection between the core and the periphery of
actors in the network (Lipparini, Lorenzoni, & Ferriani, 2014). ERP provides a large
amount of data and information related to multiple processes and actors through a
unified view, thus becoming a channel for knowledge management strategies. At the
same time, clear knowledge management strategies the firm aims at developing have
also an impact on ERP adoption and functioning within the organization (Xu et al.,
2006). Within the ERP framework, much attention has been given to knowledge
codification within the company. Tacit knowledge challenges ERP implementation,
pushing firms to consider also the relevance of individuals within the organization.
Codification and socialization approaches have to be coupled to benefit more from
this intersection between knowledge management and IT systems (Apostolou,
Abecker, & Mentzas, 2007), taking into account that knowledge creation and
transfer can rely on sharing the same practice among individuals of the same
organization (communities of practice) (Brown & Duguid, 2000).

2.2 Knowledge Management and the Web

A second important revolution in the application of digital technologies in firms is
related to the Web. Since the end of the 1990s, the spread of the Internet and the
changes that Internet would have triggered were thought of as the beginning of a real
“new economy,” with its own rules, specific and different from those that have
governed the economy of the past (Kelly, 1998; Porter, 2001). There is little doubt
that the rapid spread of the Web has constituted a substantial revolution in the way of
doing business, particularly with regard to the relationship between business and
consumer. The latter, far from being alone and isolated in its decision-making
processes, can leverage digital social connections allowing a previously unknown
capacity for evaluation and proposal. This knowledge contribution represents an
opportunity for companies to grow and innovate (Armstrong & Hagel, 1996). At the
same time, the Web strongly impacts on the traditional distribution channels, toward
a larger variety of e-commerce strategies (Gulati & Garino, 2000).

A growing body of studies have explored the involvement of customers into the
firm’s innovation processes. Starting from the seminal contribution by von Hippel
(Von Hippel, 1978), scholars stress how lead users and customers may bring their
knowledge into the dynamics of product development internal to the firm and more
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in general into the firm’s activities (Cova & Dalli, 2009; Gruner & Homburg, 2000).
Digital technologies and the rise of distributed, open, communication infrastructures
reduce barriers and costs for customer participation (Bagozzi & Dholakia, 2006;
Galvagno & Dalli, 2014). With respect to the mass production paradigm, the Web
opens new trajectories in the relationship between the firm and its customers, shifting
the power from the firm to the customers. More importantly, customers (users) define
different forms of aggregation—the communities—which can also become autono-
mous actors in the process of innovation and knowledge management (Baldwin,
Hienerth, & von Hippel, 2006; Boudreau & Lakhani, 2009; Di Maria & Finotto,
2008; Sawhney, Verona, & Prandelli, 2005).

In order to create a more stable and interactive relationships with customers, the
firm may develop specific toolkits for innovation (Franke & Piller, 2004; Von
Hippel, 2001). Through the Web, the firm creates virtual spaces to exchange
knowledge with its online communities (Armstrong & Hagel, 1996; Füller, Jawecki,
&Mühlbacher, 2006; Kozinets, 1999). Specifically, firms with strong brand invest in
order to gather knowledge from specialized customers and lead users (Marchi,
Giachetti, & De Gennaro, 2011) within a new scenario of co-creation also of the
intangible dimension of the brand perceived as shared asset with customers (Fueller
& Von Hippel, 2008; Schau, Muñiz, & Arnould, 2009). Virtual Customer Environ-
ments become the digital channels for knowledge management (Nambisan &
Nambisan, 2008): customers are involved in new product development through
idea generation; in product testing through collection of feedbacks; and in product
marketing through electronic supports to other customers based on the individual
experience and knowledge.

The business scenarios generated by ICT show a transformation in firm’s internal
processes as well as in the connection with the market. In this perspective, they have
prepared the basis for the new revolution related to Industry 4.0.

3 Opportunities and Challenges for Knowledge
Management in the Industry 4.0 Context

The “Industry 4.0” label includes a large variety of technologies with different
characteristics and domains of applications (Reinhard et al., 2016). Connected
robotics, advanced automation, and sensors may transform the firm and specifically
operations, driving toward the rise of a smart factory (Büchi, Cugno, & Castagnoli,
2020; Mittal, Khan, Romero, & Wuest, 2018). Not only manufacturing processes
can be enhanced in terms of efficiency, but also new extended and detailed control
opportunities may rise. A challenge is connected to the exploration of relationship
between the implementation of Industry 4.0 technologies and lean management
strategies (Kamble, Gunasekaran, & Dhone, 2020; Sanders, Elangeswaran, &
Wulfsberg, 2016), where lean management has been one of the key new managerial
practices developed during the 1990s that strongly impacted on manufacturing
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organization (and beyond) (Womack & Jones, 1997). In this perspective, learning
processes occurring in relation to lean and operational excellence practices may
benefit from digitalization and the implementation of Industry 4.0 technologies. At
the same time, however, because of lean experience the firm may implement and
exploit such technologies better (Rauch, Dallasega, & Matt, 2016).

Moreover, a growing body of research is exploring the consequences in terms of
job metamorphosis connected to automation (and also artificial intelligence; see
below) (Autor, 2015; World Economic Forum, 2016). On the one hand, studies
highlight the reorganization of manufacturing activities toward the decrease in jobs
in operations, while on the other hand research explores also the opportunity of skill
redesign due to new forms of interaction and collaboration with technologies
(Bakhshi, Downing, Osborne, & Schneider, 2017). In terms of knowledge manage-
ment, this opens challenges in the types of knowledge firms and workers have to
invest in: from substitution of jobs in more routinized activities toward new roles that
workers can play going beyond specialization to include a more interdisciplinary
approach (Pfeiffer, 2016). In this perspective, scholars are also investigating the
geographical implications for manufacturing location related to Industry 4.0 (Dachs,
Kinkel, & Jäger, 2019; Rehnberg & Ponte, 2018; Strange & Zucchella, 2017).

This transformation in the factories is also more and more connected to the
environmental sustainability side of production, where circular economy framework
calls for a better understanding and measurement in the use of resources (Tseng, Tan,
Chiu, Chien, & Chi, 2018). The factory is not only smart, but through such
technologies may also become green (Bonilla, Silva, Terra Da Silva, Gonçalves, &
Sacomano, 2018). Scholars and practitioners are exploring how to use digital
technologies as a means of achieving better environmental goals, in particular within
the circular economy framework (Lacy & Rutqvist, 2016; Webster & MacArthur,
2017). The need for new circular-oriented innovation and the collaborative dimen-
sion of eco-innovation (Brown, Bocken, & Balkenende, 2019; De Marchi, 2012)
push firms to exchange knowledge within the value chain—both upstream and
downstream.

Industry 4.0 technologies open interesting opportunities of controlling use of
resources and sustain knowledge exchange with the actors involved (Tseng et al.,
2018).

This issue is related to studies on 3D printing. On the one hand, this technology is
linked to the rise of the new paradigm of mass customization, where the firm can mix
variety of products with efficiency in small-scale production also with the involve-
ment of customers (Bogers, Hadar, & Bilberg, 2016). Such approach is considered a
form of direct digital manufacturing, involving customers in the production
(Holmström, Holweg, Khajavi, & Partanen, 2016). The maker movement is becom-
ing protagonist of this revolution (Anderson, 2012), where customers have a new
tool—3D printing—they can use not only to design, but actually to physically
produce the product (Kalva, 2015; Laplume, Anzalone, & Pearce, 2016). On the
other hand, 3D printing is considered a driver for new business models, also in
relation to the circular economy framework (Despeisse et al., 2017; Unruh, 2019).

Industry 4.0 and Knowledge Management: An Introduction 7



In addition to the above mentioned technologies, scholars and managers devoted
much attention to big data and artificial intelligence. Such technologies can revolu-
tionize the way through which firms collect and manage data, but also control
learning processes and develop business scenarios (Boden, 2016; Kaplan &
Haenlein, 2019; Ransbotham, Khodabandeh, Fehling, LaFountain, & Kiron,
2019). The debate concerning the relationship between knowledge management
and artificial intelligence (AI) is not new (Wiig, 1999). However, compared to
previous forms of AI, in the present scenario such cognitive processes are not only
automated but also augmented such as the definition of Analytics 4.0 (Davenport,
2018a).

From a knowledge management perspective, the first opportunity connected to
Industry 4.0 technologies refers to the fact that new processes and tools are available
to acquire and elaborate distributed knowledge. Through IoT the firm is able to
obtain a growing, constant (ongoing), detailed, customized set of data both from
internal sources (i.e., smart machines enacted by sensors) and from external ones
(smart products used by customers) (McKinsey Global Institute, 2015). Such data
integrated within ERP and more in general the firm information systems can be
analyzed through advanced processes of data analysis related to big data analytics
and AI (Liebowitz, 2001). In this perspective, the firm may know more about its
processes and products from multiple perspectives—marketing, innovation, opera-
tions, administration (i.e., Paschen, Kietzmann, & Kietzmann, 2019).

A big challenge refers to the ability of the firm to translate data into knowledge
(Pauleen, 2017; Tian, 2017): it is not an automatic process the learning dynamics
that an organization can develop through big data. In order to obtain answers from
problem-solving situation and take decisions and actions, the firm applies analytics
to big data databases to extract information and identify new knowledge also based
on—and in coordination with—contextual knowledge inputs (Pauleen & Wang,
2017). Through AI and big data analysis, the firm could be able to augment its
strategic vision as it may rely on new resources to strengthen its competitive
advantage (Davenport, 2018b). As in the case of automation (robotics), also for AI
new open questions refer to the kind of competences required within the firm to
exploit such technologies, but also the implications in terms of job transformation
(Daugherty & Wilson, 2018).

The second opportunity is linked to the actors that can be involved in the
knowledge management dynamics. New actors are producing knowledge within
open (autonomous) innovation processes. As mentioned, makers are customers that
exploit 3D printing to create and produce new products, customized on their desires
and needs, independently or through makerspaces (Halbinger, 2018; Kohtala &
Hyysalo, 2015). From this point of view, firms able to connect to those customers
for innovation purposes could benefit from their knowledge from a user-driven
perspective, beyond the digital tools offered by the Web (Von Hippel, 2001). With
the rise of big data and AI a new question arises and it is related to the level of
exploitation of data generated by customers. More generally, scholars suggest the
positive impacts of Industry 4.0 technologies in the customer relationship manage-
ment: through smart products (Porter & Heppelmann, 2014) and digital ubiquity
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(Iansiti & Lakhani, 2014) the firm may gather more fine-grained knowledge on the
use of the product constantly. This approach asks for explicit knowledge manage-
ment strategies to be adopted in the new digital scenario, since it is still not clear to
what extent additional large amount of new knowledge is really relevant or how to
defend the firm’s competitive advantage on it (Hagiu & Wright, 2020).

A new actor that should be included among the knowledge sources are the
machines themselves. As claimed by studies on artificial intelligence (Boden,
2016), machines can be seen as new digital agents who may act independently
from the human inputs. According to Floridi “Artificial agents are not science fiction
but advanced transition systems capable of interactive, autonomous and adaptable
behavior” (Floridi, 2005, p. 416). Through AI, machine learning processes can
generate additional knowledge as inputs for strategic developments. Within the
theoretical debate on AI (and IT more in general) and knowledge management
(Liao, 2003), the novelty of the present scenario refers to the availability of big
data, improved computational power, and a system of interconnected technologies
that enhance the production of “autonomous” knowledge to be used at the firm level
(Yao, Zhou, Zhang, & Boer, 2017; Zhuang, Wu, Chen, & Pan, 2017). This scenario
is connected to the problem of control and validation of the new knowledge created
through AI outputs with respect to emerging processes such as AI-driven design
processes (generative design). By combining multiple perspectives and tools,
knowledge-based engineering improves product development through the autono-
mous inputs of technology, where the focus is on repetitive and non-creative design
tasks but also to support multidisciplinary design optimization (Rocca, 2012). Even
if the relationship between AI and creativity (and design) is not new (Boden, 1998),
new approaches in product design are connected to the opportunity of sustaining the
competitiveness related to mass customization within the Industry 4.0 framework
(Zawadzki & Żywicki, 2016).

It emerges also a potentially reduced problem of exploration (March, 1991) in the
Industry 4.0 scenario, where technological solutions connecting big data and
advanced analytics increase the efficiency in gathering data and potentially trans-
form them into knowledge—also overcoming the geographical limitations. How-
ever, also issues related to the control over such knowledge emerge. The rise of
platform economy (Parker, Van Alstyne, & Choudary, 2016) and the disproportion
of power between large firms and SMEs (Wu & Gereffi, 2018) may reduce espe-
cially for the latter opportunities of knowledge creation and exploitation. At the same
time, firms with prior IT investments and experience in previous revolutions—the
EPR/BPR and Web ones mentioned above—can benefit more from the fourth
industrial revolution, with respect to firms that have neither clear digital strategy
nor past experience on how to effectively introduce technologies within the organi-
zation, irrespective of the size. It is not a matter of investing in all the Industry 4.0
technologies available simultaneously (Reinhard et al., 2016), rather to choose the
right, appropriate technologies for the product and the processes that characterize the
firm and its strategy (Bettiol, Capestro, Di Maria, & Furlan, 2019; McAfee, 2004).
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3.1 Managing Knowledge Within the Industry 4.0 Scenario:
Contributions of the Book

In line with the theoretical picture depicted above, the book aims at exploring the
relationship between Industry 4.0 technologies and knowledge management dynam-
ics from different perspectives.

The contribution by Capestro and Kinkel (Chapter “Industry 4.0 and Knowledge
Management: A Review of Empirical Studies”) provides insights of the linkages
between the fourth industrial revolution and knowledge management issues through
a literature review aiming at identifying how scholars have explored empirically this
topic. The authors analyze about 50 empirical studies focused on the implementation
of a set of Industry 4.0 technologies to explore their relationships with knowledge
management. They emphasize the knowledge implications related to processes,
products, and people, suggesting the need for manufacturing firms to develop clear
strategic orientation toward knowledge management. Moreover, firms should invest
in order to upgrade human resources’ competences to also include digital skills.

The analysis on the implications of Industry 4.0 technologies on value chain
activities and their geographical location has been explored by Fratocchi and Di
Stefano (Chapter “Do Industry 4.0 Technologies Matter When Companies Back-
shore Manufacturing Activities? An Explorative Study Comparing Europe and the
US”). A growing number of studies—especially recently with the rise of attention
and the diffusion of Industry 4.0 technologies—are evaluating the transformation in
the location choices of manufacturing activities of firms from advanced countries.
The theoretical premises suggest the cost advantages of the new technological
landscape, pushing manufacturing firms in redesigning their offshoring strategies
across countries, also considering the home country as an option (compared to the
past decades). Fratocchi and Di Stefano developed an extensive structured literature
review followed by an analysis of empirical evidence of backshoring decisions
implemented by both European and US firms. The authors suggested that even if
theoretically Industry 4.0 technologies have been identified as drivers for
backshoring decisions, the empirical analysis identifies those technologies both as
driver and as enabling factor. Among the many technologies, only automation
(robotics) and 3D printing are cited as relevant in backshoring decisions. Moreover,
there are differences in the way European vs. US firms adopt such technologies.
Most importantly, it seems that automation per se is not necessarily related to
decisions concerning backshoring from low-cost countries to high-cost country.
This result is explained in terms of competences available and developed within
firms adopting Industry 4.0 technologies. It is not a matter of technological invest-
ments, rather of coupling competences in the use of Industry 4.0 technologies with
knowledge related to manufacturing processes. From this point of view, the adopting
firm should develop appropriate learning dynamics in order to effectively exploit the
advantages of Industry 4.0 technologies within its backshoring strategies.

In their analysis of knowledge management strategies in top performers, Bettiol
et al. (Chapter “Knowledge and Digital Strategies in Manufacturing Firms: The
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Experience of Top Performers”) suggest that Industry 4.0 technologies may have
different impacts in terms of how knowledge is created and shared at the firm level.
Compared to previous scenarios, the emerging new technological one has potential
implications on the knowledge related to products, but also on the knowledge related
to Industry 4.0 technologies themselves (new potentialities that have to be fully
discovered in their synergies yet) as well as knowledge of the management of the
firm (learning on how to exploit Industry 4.0 technologies, also in connection with
prior ICT revolutions). On the one hand advanced, interconnected technologies
generate new knowledge autonomously, but on the other hand, in order to really
deploy the value connected to data produced by such technologies, firm should also
rely on the social dimension of knowledge management dynamics. The empirical
analysis on Champions shows how specifically AI is intertwined with other data-
driven technologies—cloud, big data, and IoT—in addition to prior ICT invest-
ments, where skills and competences related to Industry 4.0 are critical in order to
manage effectively the implementation and use of digital technologies.

Blasi and Sedita study the implications on knowledge management and innova-
tion of adopting Industry 4.0 technologies in firms specializing in the creative
industries. In such industries knowledge management is characterized by the rele-
vance of interaction between the firm and its suppliers and customers, in relation to
business innovation processes. The focus of the empirical analysis in
Chapter “Industries 4.0 and Creative Industries: Exploring the Relationship Between
Innovative Knowledge Management Practices and Performance of Innovative
Startups in Italy” is Italian startups in creative industries in general and ICT
specifically. Within the Industry 4.0 scenario, startups not only can benefit from
being early adopters but also can play a role as promoters of Industry 4.0 technol-
ogies in their markets (as creative industries). Three clusters of firms emerged with
respect to the adoption of Industry 4.0 technologies (taking into account specifically
IoT and big data) as well as their turnover: smart adopters, regular adopters, and
laggards. Through a deep analysis of factors characterizing the three clusters—
specifically as far as funding sources are concerned—the authors suggest that
adopting Industry 4.0 technologies can be an opportunity, but also a challenge in
particular for the first two clusters of startups. In fact, strong innovators (Industry
4.0-wise) have different funding forms of sourcing and a reduced portfolio of
resources with respect to laggards. Such results highlight the need to further explore
the consequences of innovation (and knowledge management) in advanced technol-
ogies for startups and their sustainability over time.

The interrelation between innovation and Industry 4.0 technologies can be
explored also by examining organizational innovation and specifically the redesign
of production processes connected to the achievement of operational excellence.
With respect to startups described above, in this perspective established manufactur-
ing firms may decide to adopt Industry 4.0 technologies to obtain benefits of
efficiency and better control on operations, considering the opportunities connected
to the smart factory. However, such relationship is far from being exhaustive in its
implementation and it is the content of the contribution by Miandar, Galeazzo, and
Furlan (Chapter “Coordinating Knowledge Creation: A Systematic Literature
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Review on the Interplay Between Operational Excellence and Industry 4.0 Tech-
nologies”). The authors develop a systematic literature review in order to evaluate
the interplay between these two new sources of knowledge. Four different paths
emerge taking into account the direction of relationships between Industry 4.0 and
operational excellence. Most of the studies stress that such technologies are enablers
of lean manufacturing, where firms can exploit the technological potentialities to
obtain results of operational excellence. By considering the knowledge management
framework proposed by Nonaka and the Thompson’s inputs on task coordination,
the results of the analysis suggest that Industry 4.0 and operational excellence should
be coordinated sequentially. Moreover, not all Industry 4.0 technologies support
those dynamics. Limited evidence is related instead of other forms of connections
between Industry 4.0 technologies and operational excellence.

The last two chapters of the book study Industry 4.0 technologies in relation to
environmental sustainability strategies of firms. In Chapter “Achieving Circular
Economy via the Adoption of Industry 4.0 Technologies: A Knowledge Manage-
ment Perspective”, De Marchi and Di Maria show the presence of relevant differ-
ences between green and non-green adopters when Industry 4.0 technologies and
sustainability are concerned. Through an empirical analysis of Italian manufacturing
firms, the authors analyze how the adoption of Industry 4.0 technologies supports the
achievement of green outcomes, with special attention to the circular economy
framework. It emerges that those technologies support manufacturing adopters in
obtaining sustainability outcomes, in case of both proactive, circular-oriented firms
and firms that discover sustainability as a non-intended consequence of technolog-
ical investments. In general, green adopters have a higher investment rate of Industry
4.0 technologies. Moreover, despite the theoretical expectations on 3D printing,
specifically robotics and augmented reality are the technologies where there is a
statistically significant difference between green and non-green adopters. The focus
is specifically on manufacturing activities as domain of investments—confirming the
strong connection between circular economy and production and the importance of
Industry 4.0 technologies in this relationship. From a knowledge management point
of view, technologies help firms in supporting the achievement of sustainability
outcomes based on collaboration within the firm boundaries (among workers and
functions) as well as in the value chains.

In the conclusive Chapter, Tolettini and Lehmann grounded such theoretical
discourse within the steel sector (Chapter “Industry 4.0: New Paradigms of Value
Creation for the Steel Sector”) in Germany and Italy. Through a deep and extensive
study of the industry, the authors focus on the Feralpi case study to explain the
strategic potentialities of Industry 4.0 technologies in renovating competitiveness of
firms in the steel sector. With particular emphasis on environmental (and social)
sustainability, the authors show the advantages steel firms may achieve through
technological investments in terms of resource efficiency and product and process
innovation, up to more flexible supply chain and more reactive market response. The
case study of Feralpi—as innovative leading company in the industry at the national
and international level—suggests that many Industry 4.0 technologies can be
adopted by a steel company in multiple steps of the value chain and for multiple
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goals. In particular, technological investments increase the ability of the firm in
knowing operations better (especially in most critical phases) through data-driven
approach, allowing the firm in reducing risks and negative outputs for workers and
the local community among the many stakeholders considered. Moreover, Industry
4.0 technologies support strategic decisions for firm’s evolution within the industry.

To conclude, theoretical and empirical studies included in the book further
advance knowledge on knowledge management implications of the adoption of
Industry 4.0 technologies. Our book suggests that there is a strong impact of such
technologies in the processes of knowledge creation and transfer, but also that the
fourth industrial revolution should be interpreted as a long-term transformation,
where the implementation of technologies itself generates learning processes
which do not lead only to immediate results. Further research on this issue is also
required in the forthcoming years to have a more complete picture of the strategic
consequences of Industry 4.0.
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Industry 4.0 and Knowledge Management:
A Review of Empirical Studies

Mauro Capestro and Steffen Kinkel

Abstract The recent Industry 4.0 paradigm is revolutionizing the manufacturing
processes, the way companies create value and interact with suppliers and cus-
tomers. The new technologies allow manufacturing companies to gather huge
amounts of data that they can use to tailor production, develop customized products
and services, as well as improve operation activities in terms of efficiency, produc-
tivity, and flexibility. In this new technological scenario, new digital skills and
competences (i.e., data management) become strategically important as they could
assure new knowledge manufacturing companies to achieve superior competitive
advantage. Such new knowledge depends not only on the use of Industry 4.0
technologies but also on the interactions with suppliers and customers as well as
on the upgrading of employees’ competences. With the aim of deepening the
understanding of these dynamics, the chapter reviews the empirical studies related
to the adoption of Industry 4.0, by highlighting the role of knowledge management.

1 Introduction

The current manufacturing landscape requires key factors such as efficiency, flexi-
bility, faster responsiveness to market changes and customer demand, as well as a
higher focus on product quality and customization that are essential for the survival
of manufacturing companies (Almada-Lobo, 2015). Moreover, to compete success-
fully manufacturing firms need higher level of digitization and automation that
means an extensive connectivity between manufacturing processes and other busi-
ness areas—that is high integration of operation systems with the overall organiza-
tion structure (Berman, 2012; Rashid & Tjahjono, 2016). In addition to internal
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integration, manufacturing companies also need higher integration with the external
environment and specifically with suppliers and customers (Hakanen & Jaakkola,
2012).

In this sense, the new technological revolution known as Industry 4.0 plays a key
role, since it enables the integration between manufacturing operations systems and
new Information and Communications Technologies (ICT)—such as cloud comput-
ing, big data analytics, Artificial Intelligence (AI), and Internet of Things (IoT)—
creating the so-called cyber-physical systems (CPS) (Dalenogare, Benitez, Ayala, &
Frank, 2018). Essentially, Industry 4.0 highlights the usage of new technologies with
the integration among objects, humans, and machines across organizational bound-
aries to create not only a cyber-physical manufacturing environment but also a new
type of networked value chain (Kagermann, 2015). Through the Industry 4.0
technologies, manufacturing companies may be able to implement three types of
integrations: (1) horizontal, (2) vertical, and (3) end-to-end integration, which allow
them to improve both the operation (efficiency, productivity, quality, etc.) and the
marketing (new product development, customization, time-to-market response, etc.)
activities (Schwab, 2017).

Although most of the Industry 4.0 technologies are not completely new, the full
potential of these technologies has not been exploited in the current manufacturing
system (Fatorachian & Kazemi, 2018) due to the higher integration of different
information systems previously limited to single business areas (Panetto & Molina,
2008) and the presence of many Industry 4.0 technologies. Industry 4.0 technologies
also offer the opportunity to gather and manage a huge amount of data used to
improve the firm’s offering, both in terms of efficiency and response to customer
needs (Büchi, Cugno, & Castagnoli, 2020). In this perspective, knowledge becomes
an essential variable that manufacturing companies should consider and manage in
an effective way for the successful implementation of Industry 4.0 (Feng, Bernstein,
Hedberg, & Barnard Feeney, 2017). In particular, Industry 4.0 technologies enable
companies to create new knowledge coming from the use of new technologies in
production processes, but also from external environment and precisely through the
acquisition and elaboration of data gathered from suppliers and through higher
involvement of customers that become active partner (co-creation) in the design
process (Lu, 2017). Moreover, knowledge also becomes essential in terms of skills
and competences that employees and managers should have to get the highest
potential from Industry 4.0, as the new knowledge created should be used in a
timely manner (Ardito, Messeni Petruzzelli, Panniello, & Garavelli, 2019).

Therefore, manufacturing companies should take into relevant consideration the
strategic relationship between new technologies and knowledge management for the
successful implementation of Industry 4.0 technologies. Indeed, this aspect repre-
sents one of the main challenges manufacturing companies must overcome to
implement successfully Industry 4.0 (Whysall, Owtram, & Brittain, 2019). In this
respect, the purpose of this chapter is to highlight the role of knowledge in the
Industry 4.0 paradigm by means of literature review of the empirical studies focused
on the implementation of Industry 4.0 technologies.
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2 Theoretical Background

2.1 The Industry 4.0 Paradigm

Industry 4.0, also known as “fourth industrial revolution,” is a current hot topic in
both professional and academic fields (Liao, Deschamps, Loures, & Ramos, 2017).
Industry 4.0 is a disruptive phenomenon that is changing the rules of competition,
allowing companies taking advances in different business processes. Specifically, it
is affecting the firms’ overall strategy, changing organizational mindset, business
models, value creation process, supply chain activities, production processes, prod-
ucts, skills, and stakeholder relationships (Reinhard, Jesper, & Stefan, 2016).

The term Industry 4.0 comes from Germany as Industrie 4.0 being a part of the
“High-Tech Strategy 2020 for Germany” (Kagermann, Lukas, & Wahlster, 2011).
Germany introduced such a term when the government decided to promote and
support the technological integration of manufacturing plants with products and
business processes to strengthen Germany’s position as a leading manufacturing
power worldwide (Kagermann, Helbig, & Wahlster, 2013; Lasi, Kemper, Fettke,
Feld, & Hoffmann, 2014). Before other countries, the German Government was
confident that the future of manufacturing industries will be characterized by a strong
product personalization under the conditions of highly flexible production and with
the extensive integration of business partners and customers in value creation and
business models (Thoben, Wiesner, & Wuest, 2017). Later, besides Germany, other
national and international institutions started to give importance to the new phenom-
enon supporting the implementation of the new technologies. The European Union
promoted a public–private partnership under the name Factories of the Future to
sustain the competitiveness of production. The Italian Government launched in 2016
the Industry 4.0 National Plan. France promoted the implementation of Industry 4.0
through the Aliance Industrie du Futur initiative and the Future of Manufacturing in
the United Kingdom (Büchi et al., 2020; da Silva, Kovaleski, & Negri Pagani, 2019).
Moreover, in the USA similar efforts are underway through the Industrial Internet
Consortium. In China, the Internet Plus initiative andMade in China 2025 represent
technological initiatives similar to Industry 4.0 (Müller & Voigt, 2018). In addition
to China, the other Asian countries that proposed similar initiatives to facilitate the
development of their own manufacturing industries are Japan with the Connected
Industries and Korea with Smart Factory (da Silva et al., 2019; Mittal et al., 2019).

Notwithstanding the specific technological representation of the fourth industrial
revolution, also as a consequence of the several worldwide initiatives, a common
definition of Industry 4.0 has not been accepted. Indeed, both scholars and practi-
tioners in addition to the governments used several synonyms to depict it. In
particular, Industry 4.0 (and/or Industrie 4.0) is predominantly used in Europe.
Smart manufacturing is the term predominantly used in the USA and smart factory
in Asia (Kagermann, Gausemeier, Schuh, & Wahlster, 2016; Mittal, Khan, Romero,
& Wuest, 2018). Moreover, other terms most used in the business management field
are Cyber-physical system (CPS), (Industrial) Internet of Things (IoT/IIoT), digital
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manufacturing/factory, and intelligent manufacturing systems (IMS) (Agostini &
Filippini, 2019; Büchi et al., 2020; Thoben et al., 2017). Table 1 reports a description
of Industry 4.0 definitions.

Despite some differences in their definitions, the terms can be considered inter-
changeably. Most of them focus principally on manufacturing and operation activ-
ities, but all of them highlight the digitization of business activities (Müller, Buliga,
& Voigt, 2018). Other common elements regard the automation systems, the con-
nections between the physical and digital worlds, the extensive use of Internet, and
the changes in the relationships with stakeholders and in business governance (Büchi
et al., 2020).

Industry 4.0 is a broader concept that considers all the different aspects emerged
from the abovementioned definitions (see Mohamed, 2018). It encompasses the
adoption of industrial automation systems that support companies in managing the
production and value creation processes, the supply chain activities, and all their
related processes (Reischauer, 2018; Yin, Stecke, & Li, 2017). One of the most
accepted definition of Industry 4.0 is provided by McKinsey Company that con-
siders it as the digitization of the manufacturing sector, with embedded sensors in
virtually all product components and manufacturing equipment, ubiquitous cyber-
physical systems, and analysis of all relevant data (Wee, Kelly, Cattel, & Breunig,
2015). More generically, Industry 4.0 can be defined as a new business approach for
controlling production processes by providing real-time data analysis and by
enabling the unitary customization of products (Kohler & Weisz, 2016).

Thus, the concept of Industry 4.0 is mainly embedded in smart manufacturing and
CPS, whose technological infrastructure bases on the concept of IoT that allows
connection of machines, products, systems, and people (Kagermann et al., 2013;
Lasi et al., 2014; Schmidt et al., 2015). Together with cloud computing, CPS and IoT
are considered as the central pillars of Industry 4.0 (Müller, 2019a). Finally, the
integration of CPS with innovative production, logistics, and services practices led to
the Industry 4.0 factory (Lee, Bagheri, & Kao, 2015). Indeed, Industry 4.0 is often
identified with a set of technologies that bring together the CPS domain (IoT, big
data and analytics, cybersecurity) with other production technologies such as
advanced manufacturing systems, additive manufacturing, 3D printing, horizontal/
vertical integration, and simulation systems (Agostini & Filippini, 2019; Tortorella
& Fettermann, 2018).

2.2 The Industry 4.0 Enabling Technologies

The implementation of Industry 4.0 paradigm in the manufacturing sectors covers a
wide range of applications from product development and design to operation and
logistic activities. For this reason, Industry 4.0 comprises a very large set (estimated
more than 1200) of enabling technologies (Chiarello, Trivelli, Bonaccorsi, &
Fantoni, 2018), even if scholars and practitioners focused only on some enabling
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Table 1 Industry 4.0 definitions

Term Definition Author(s)

Smart
manufacturing

Smart Manufacturing is the integration
of information technology (IT) and data
with different manufacturing technolo-
gies, processes, and resources to enable
intelligent, efficient, and responsive
operations. It relies on the digitalization
and interconnection of entire value
chains, products, processes, and busi-
ness models

Kagermann (2015), Thoben et al.
(2017), Kusiak (2018), Lu and
Weng (2018), Mittal et al. (2019)

Smart factory A smart factory is a factory that is
context-aware and assists people and
machines in execution of their tasks by
systems working in background. It dif-
fers from smart manufacturing as it
focuses on a single plant rather than on a
broader supply network concept

Hozdić (2015), Jung, Choi,
Kulvatunyou, Cho, and Morris
(2017), Mittal et al. (2018), Prause
(2019)

Cyber-physical
(production) sys-
tem (CPS)

CPS refers to the use of technologies for
the management of interconnected sys-
tems between its physical assets and
computational capabilities. It focuses on
the data gathered, stored, and shared to
operate autonomously

Schlechtendahl, Keinert,
Kretschmer, Lechler, and Verl
(2015), Agostini and Filippini
(2019), Müller, Buliga, et al.
(2018), Müller (2019a)

(Industrial)
Internet of
Things
(IoT/IIoT)

IoT and IIoT rely on the digital con-
nection between physical entities and
digital components for a completely
intelligent, inter-connected, and auton-
omous factory. It results not only in a
production change but in an extensive
organizational change

Arnold, Kiel, and Voigt (2016),
Kiel, Arnold, and Voigt (2017),
Arnold and Voigt (2019)

Digital
manufacturing/
factory

Digital manufacturing/factory concept
relies on the use of computer-assisted
applications, analytics, simulation,
three-dimensional (3D) visualization,
and various collaboration tools, inte-
grated in a common communication
infrastructure Data management sys-
tems and simulation technologies are
concurrently used to optimize the
manufacturing processes and match the
customer demands

Chen et al. (2015), Byrne et al.
(2016), Cavalcante, Frazzon,
Forcellini, and Ivanov (2018)

Intelligent
manufacturing
systems (IMS)

The notion of IMS is quite similar to
smart manufacturing, but it stresses the
role of control on production activities.
It relies on the ability to self-regulate
and/or self-control to manufacture the
products within the design specifica-
tions. Moreover, it relies on a new way
of interacting between humans and
production machines with the aim of
creating a whole smart factory

Zhong, Xu, Chen, and Huang
(2017), Zhong, Xu, Klotz, and
Newman (2017) and Stadnicka,
Litwin, and Antonelli (2019)
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technologies considered the pillars of manufacturing technological digitalization
(Agostini & Filippini, 2019; Moeuf et al., 2020).

Considering Industry 4.0 as a new manufacturing approach that relies on tech-
nologies able to gather and analyze data in real time, to control and customize the
production processes, we have limited the scope of our review to empirical studies
concerning the adoption of the following enabling technologies (Agostini &
Filippini, 2019; Büchi et al., 2020; da Silva et al., 2019; Mittal et al., 2018;
Moeuf, Pellerin, Lamouri, Tamayo-Giraldo, & Barbaray, 2018; Moeuf et al., 2020):

• Industrial Internet of Things: new digital technologies, devices, and sensors that
facilitate communication between people, products, and machines. Internet is the
center of connectivity for all the intelligent devices in which real-time commu-
nication provides valuable feedbacks and information that improve production
process and delivery and facilitate the decentralization of decision-making.

• Cloud computing: technologies that facilitate the storage and processing of huge
amounts of data with high performance in terms of speed, flexibility, and effi-
ciency. Cloud computing allows in real time information sharing across multiple
systems and networks ensuring data for the production system, including moni-
toring and control functions, and improving the quality of operations.

• Big data and analytics: technologies, tools, and techniques useful to capture,
archive, analyze, and disseminate large quantities of data derived from products,
processes, machines, and people interconnected in a company, as well as the
environment around it. Big data and analytics may assure benefits in terms of
higher product customization, higher flexibility due to the possibility of demand
estimations, a better product quality and less production waste, and the optimi-
zation of supply chain.

• Virtual and Augmented reality: a series of technologies and devices used to
simulate an environment containing real and virtual objects with the aim of
improving production processes by enhancing design and prototyping and prod-
uct development, reducing setup costs and process time, receiving information in
real time, and providing virtual training. In this way, the human performances
increase through the ability to reproduce and reuse digital information and
knowledge to support the operation activities.

• Additive manufacturing: the most important example is the 3D printing technol-
ogy that is grounded in the additive production creating layers by layers the shape
of object deriving from a 3D design file. 3D printing can use several different
materials, such as plastics, ceramics, metals, and resins and others, eliminating the
assembling of the final product. This kind of technology enables companies to
improve the design, prototyping and production of complex products, as well as
product customization. Additive manufacturing is beneficial for the supply chains
where the production of spare parts is a key part of the business due to high-level
after-sales services.

• Artificial intelligence: automated solutions developed by the massive amounts of
data gathered and that are able to act alone without the intervention of humans to
solve problems that otherwise require human intervention. It is “a system’s ability
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to interpret external data correctly, to learn from such data, and to use those
learnings to achieve specific goals and tasks through flexible adaptation”
(Haenlein & Kaplan, 2019, p. 5). The application of artificial intelligence to
production processes can support both productivity and quality taking decisions
and carrying out actions based on the evaluation of the current environment.

• Advanced manufacturing solutions: interconnected and modular systems by
means of robots and embedded sensor technologies that are becoming increas-
ingly flexible, communicative, and cooperative guaranteeing the complete auto-
mation of industrial plants. These technologies include different automatic
machinery used in the production processes, such as the material-moving sys-
tems, autonomous and advanced robotics, the collaborative robots (cobots), and
automated guided vehicles or unmanned aerial vehicles. These technologies do
not eliminate the workforce but improve the collaboration with them, with new
tasks focused mainly on planning and control phases, eliminating the structural
and technological constraints of automatic and fixed systems.

• Horizontal and vertical integration systems: The integration offered by Industry
4.0 is characterized by two dimensions: internal versus external. The first (hori-
zontal integration) concerns the integration and exchange of information among
the different areas in the company. The second (vertical integration) concerns the
company’s relationships with its suppliers and customers. Integration systems
allow us to reduce setup and production costs and, at the same time, to improve
product quality due to the better connections in the incoming and outgoing supply
chain activities, with positive effects also on productivity.

• Simulation: integration of different computer tools to reproduce the physical
world in the virtual models allowing all company operators (managers, designers,
production workers) to test and optimize the production settings and simulate the
performance of production system. Modeling enables the analysis of materials,
production line and product performance, as well as the multisite coordination
with the aim of improving and optimizing the overall operations and reducing
setup costs, errors, and machine downtimes.

Indeed, the two key factors for Industry 4.0’s successful implementation are
integration and interoperability. Integration affects networking with stakeholders,
both horizontally and vertically. Interoperability helps the production processes,
within and beyond the boundaries of the organization, interconnecting systems and
exchanging knowledge and skills (Lu, 2017). This means that companies to imple-
ment successfully the Industry 4.0 paradigm should be open to organizational
changes (Arnold et al., 2016).

The advent of manufacturing digitalization induces, therefore, companies to
evolve and change their own structure accepting knowledge-based, dynamic, and
collaborative learning governance models, with the implementation of new technol-
ogies being extremely knowledge intensive (Ghobakhloo, 2018). The decision-
making process of manufacturing companies that implemented Industry 4.0 requires
information and knowledge from the data that technologies allow to collect (Feng
et al., 2017).
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2.3 The Role of Knowledge in the Fourth Industrial
Revolution

In the fourth industrial revolution, the main goal of the implementation of new
technologies is related to the effective and efficient customer-oriented adaptation of
products (and thus production) and services in order to increase the value added for
companies, raising their competitive position, while for customers improving satis-
faction and loyalty (Roblek, Meško, & Krapež, 2016). In order to achieve this goal,
manufacturing companies need to develop and manage new knowledge that is
crucial for the organization’s decision-making process and the achieving of the
related business goals (Abubakar, Elrehail, Alatailat, & Elçi, 2019).

Industry 4.0 reflects a combination of digital and manufacturing technologies
which enable vertical integration of the company’ systems, horizontal integration in
collaborative networks, and end-to-end solutions across the value chain that guar-
antee automated, flexible, and self-configurable intelligent processes to enable the
creation of new revenue sources (Schneider, 2018). Specifically the new technolog-
ical transformation embraces technological advances that concern the production
process (i.e., advanced manufacturing systems, autonomous robots, additive
manufacturing), the use of smart products (e.g., IoT and IIoT), and/or data tools
and analytics (big data, AI, cloud, etc.) (Porter & Heppelmann, 2014, 2015). Within
the manufacturing process, the adoption of autonomous and/or collaborative robot-
ics (Adamson, Wang, & Moore, 2017) or 3D printing is opening up new opportu-
nities to create new knowledge concerning products and processes (Anderson, 2012;
Bogers, Hadar, & Bilberg, 2016). At the same time, smart products and “data-driven
technologies” enable the successful acquisition of useful data from several sources
within the organizational boundaries as well as from customers and suppliers
(Klingenberg, Viana Borges, & Valle Antunes Jr., 2019). Therefore, Industry 4.0
stresses the huge potentialities of data that can be used in real time, enriching
contextual knowledge or generating new one in the way products can be produced
and used, as well as in the practices concerning value generation (from product to
service), allowing firms to take actions and make decisions based on such knowledge
(Tao, Qi, Liu, & Kusiak, 2018). Moreover, it is essential to consider a holistic view
of manufacturing processes, integrating data from different sources to achieve the
business benefits of new technologies (Schneider, 2018).

Finally, the huge amount of data produced by the new technologies needs humans
for the creation and management of new useful knowledge (Ramzi, Ahmad, &
Zakaria, 2018). In this sense, Industry 4.0 opens another issue for the manufacturing
companies that choose to implement and use the new technologies successfully,
namely the acquisition of new skills and competences (Schwab, 2017). In this case,
new knowledge to manage (acquisition, conversion, application) data and processes
needs to be acquired by employees and managers (Dragicevic, Ullrich, Tsui, &
Gronau, 2019). People have to gain knowledge that will enable the development of
digital thinking so that they may manage the process in a new way (Schniederjans,
Curado, & Khalajhedayati, 2019). The networking of production systems in the
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smart manufacturing context, for example, relies on interconnectivity and interop-
erability across the different intelligent components requiring knowledge of intelli-
gent vertical and horizontal networking. Manufacturing companies with digital skills
within their human resources would be more ready to start digital transformation
(Gilchrist, 2016). Moreover, the integration between technologies, knowledge, and
human competences and capabilities should allow companies to be more ready for
digital transformation and improve their competitiveness achieving their strategic
goals (Dalenogare et al., 2018).

3 Research Goals and Methodology

Currently, the attention of researchers and practitioners on the implementation of
Industry 4.0 focuses on the impacts of new technologies on business processes and
performance as well as on the relationships with customers and suppliers to achieve a
superior competitive advantage (Wagire, Rathore, & Rakesh, 2019). In this process,
the new knowledge companies created through both the use of Industry 4.0 tech-
nologies and the new forms of relationships with suppliers and customers (Di Maria,
Bettiol, Capestro, & Furlan, 2018; Schniederjans et al., 2019) has a key role (Karia,
2018). Our main goal is to identify the empirical (quantitative and qualitative)
studies to better explain the relationship between Industry 4.0 and knowledge
management. Specifically, reviewing the recent empirical studies, we analyze
more in depth how the manufacturing companies that adopted the Industry 4.0
technologies gather data, create new knowledge for processes (and strategy), prod-
ucts (and related services), and people (workers/customers/suppliers), and use it for
the achievement of business results and the improvement of competitive advantage.
In doing so, we try to answer the following research questions.

RQ1. How is Industry 4.0 linked to the company’s knowledge management process?
RQ2. How do companies create new knowledge within the Industry 4.0 paradigm?
RQ3. How do companies manage and use new knowledge related to Industry 4.0

technologies to sustain their competitive advantage?

To reach the research purposes and answer the abovementioned research ques-
tions, we reviewed papers published in scholarly international journals, specifically
business and management journals (Durach, Wieland, & Machuca, 2015; Tranfield,
Denyer, & Smart, 2003). The literature review focuses on articles dealing exclu-
sively with empirical studies (qualitative and quantitative) on the adoption of
Industry 4.0 technologies. In this regard, we selected the papers considering the
following searching criteria. Firstly, we considered the papers that have in abstracts,
keywords, and title at least one (OR) of the Industry 4.0 definitions before mentioned
and specifically: Industry 4.0, Industrie 4.0, smart manufacturing, smart factory,
cyber-physical systems, industrial Internet of Things, digital manufacturing, digital
factory, and intelligent manufacturing systems. In addition, we also considered
(AND) both the presence of keyword “knowledge” and that of at least one of the
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following keywords (OR), “empirical studies,” “survey,” “in-depth interview,” or
“case study.” Finally, the articles were searched on Scopus, ScienceDirect, and Web
of Science that are the databases most used in the business and engineering man-
agement disciplines (Moeuf, Pellerin, Lamouri, Tamayo-Giraldo, & Barbaray, 2018,
2020).

Moreover, taking into consideration the evolving of research and number of
publications on Industry 4.0 (Wagire et al., 2019), we focused the analysis on articles
(only published articles and not conference proceedings and book chapters)
published starting from 2016. As result of this first step of the review process,
251 articles were found. A following analysis of the titles and abstracts of the papers
identified enabled a selection of 60 articles excluding those that were incompatible
with the research criteria and purposes. A final full-text analysis of the 60 papers
selected made it possible to focus the review of empirical studies on 50 articles that
enable us to answer the research questions and highlight the role of knowledge in the
Industry 4.0 paradigm. Consistently with our theoretical premises, we focused on the
studies that investigated the adoption and use of a set or a specific group (i.e., data-
driven technologies) of enabling technologies rather than one single technology (i.e.,
big data or additive manufacturing or IoT, etc. might be explored in future research).

3.1 Results and Discussion

The analysis of the paper selected focused on the implementation of Industry 4.0
technologies and on the relationship with knowledge management. Specifically, we
aimed to analyze the empirical studies highlighting the key role of knowledge in the
successful implementation of the Industry 4.0 paradigm. In doing so, we focused on
the drivers and barriers of the Industry 4.0 adoption as well as on the (economic and
organizational) benefits of the new technologies implementation, trying to under-
stand the role of knowledge (sources, value, and management) from the viewpoint of
business and production processes, products and related services, and internal
(human resources) and external (suppliers and customers) people involved with
the new technologies (Cepeda Carrión, Luis Galán González, & Leal, 2004; Santos
et al., 2017). Before the presentation of the results of analysis referred to the
processes, products, and the people dimensions of Industry 4.0 and knowledge
management relationships, Table 2 summarizes the papers analyzed from the view-
point of technologies, country, research method (qualitative and quantitative), topic,
and main findings.

Firstly, Table 2 shows that the number of empirical studies started to grow
significantly since 2018. In particular, in the last 2 years the number of surveys
has grown significantly. Germany, Italy, and Brazil are the most active countries in
terms of empirical studies carried out to explore the phenomenon of Industry 4.0.
After a first understanding of the drivers, barriers, and challengers (Feng et al., 2017;
Kiel, Müller, Arnold, & Voigt, 2017; Prause & Atari, 2017) related to the new
technological revolution and to the implementation patterns, research focused on the
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effects of the new technologies on business processes and strategies (Dalenogare
et al., 2018; Kamble, Gunasekaran, & Dhone, 2020; Tortorella, Msc Cawley
Vergara, Garza-Reyesc, & Sawhneyd, 2020). Scholars focused the attention on the
impacts on production processes and operation performance highlighting the effects
on efficiency, productivity, and flexibility (Kiel, Arnold, et al., 2017; Müller, Kiel, &
Voigt, 2018; Rajput & Singh, 2019), but also on the international production
strategies (Dachs, Kinkel, & Jäger, 2019; Stentoft & Rajkumar, 2019). Moreover,
scholars analyzed the role of external interactions with suppliers and customers and
the integration with them for the development and sustaining of competitive advan-
tage (Agostini & Filippini, 2019; Frank, Dalenogare, & Ayala, 2019; Ghouri &
Mani, 2019; Müller, 2019a). Finally, in addition to the relevance in terms of business
advances, the empirical studies aimed at understanding the key role of digital skills
and capabilities as drivers of adoption and as a necessary condition to get benefits
from the use of new technologies (Büchi et al., 2020; Mittal et al., 2019).

In this new technological scenario, data and the new knowledge they allow to
create assume a key role for the successful implementation of Industry 4.0
(Dalmarco, Ramalho, Barros, & Soares, 2019; Ferraris, Mazzoleni, & Devalle,
2019; Jerman, Erenda, & Bertoncelj, 2019). Specifically, some specific technologies
such as data technologies (IoT, big data, cloud, AI) enable manufacturing companies
to create new knowledge that can be used to improve processes, product, and
services (Ardolino et al., 2018; Kiel, Arnold, & Voigt, 2017; Seetharaman, Patwa,
Saravanan, & Sharma, 2019). New knowledge can also come from external source
and, in this case, depends on the interactions with suppliers and customers (Müller,
Buliga, et al., 2018; Nagy, Oláh, Erdei, Máté, & Popp, 2018). New knowledge is
needed to manage new technologies; indeed, digital skills and capabilities are the
most important challenges companies need to face (Schroeder, Ziaee Bigdeli, Galera
Zarco, & Baines, 2019; Sivathanu, 2019; Szalavetz, 2019).

For the research purposes, we considered the relationships between Industry 4.0
and knowledge management from the viewpoints of three main domains. Firstly, we
considered the organizational processes, as the new technologies need to rethink
how the organization operates. Secondly, we considered the products, as the new
technologies enable the development of new customized products and related
services. Finally, we focused on people, as the new technologies allow the devel-
opment of new ways of interactions with suppliers and customers but mainly require
new skills and competences.

3.2 Industry 4.0 and Knowledge Management for Processes

The concept of Industry 4.0 and the transformation of industrial production were
born with the aim of facing global competition and of adapting manufacturing to the
ever-changing market requests. These requirements fostered radical advances in
current manufacturing processes introducing new technologies such as autonomous
robots, additive manufacturing, advanced manufacturing technologies, and
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simulation, which allow firms to be more competitive in terms of efficiency and
productivity (Rojko, 2017). However, Industry 4.0 is a more complex approach
based on integration of the business and manufacturing processes and integration of
all actors along the value chain (suppliers and customers). In this sense, data and new
knowledge are essential to improve all business processes (Agrawal, Schaefer, &
Funke, 2018).

The analysis of empirical studies reported in the Table 2 confirms the key value of
knowledge coming from data for the improvement of business processes. The main
potentials of digital transformation on business and production processes depend on
coordination and information (Müller, 2019b). The new knowledge related to the use
of new technologies affects several processes (Lin et al., 2018) starting from
operation performance as well as the products and service development (Dalenogare
et al., 2018; Fettemann et al., 2018). To achieve different benefits, company needs
different levels of knowledge related to the different technologies and business
process they have to manage (Feng et al., 2017). In this sense, empirical research
shows that knowledge developed within the Industry 4.0 paradigm as well as the use
of data in real time affects other production approaches such as lean (and vice versa)
(Lugert et al., 2018; Tortorella & Fettermann, 2018). New technologies positively
affect operation activities, and employee skills are drivers for adoption (Müller, Kiel,
et al., 2018), but also the supply chain integration, favored by the opportunity of
higher data acquisition, storage, and knowledge elaboration (Ardito et al., 2019).
Empirical research also shows the key role of data for the internationalization
strategies and, in particular, for the backshoring of production activities performed
abroad by means of increased coordination in production process and integration
with suppliers, with positive impacts on product customization and time-to-market
response (Dachs et al., 2019; Stentoft & Rajkumar, 2019).

More broadly, the technological transformation boosts the creation of new
knowledge that improves decision-making process (Seetharaman et al., 2019) and
affects both organization processes and business model (Jerman et al., 2019). Data
from technologies allow the optimization of production systems and processes, the
development of new products, services, and the integration of customers and sup-
pliers into product and services, but also the need for appropriate workforce (Kiel,
Arnold, et al., 2017; Kiel, Müller, et al., 2017).

3.3 Industry 4.0 and Knowledge Management for Product

Digital transformation aims at automating the manufacturing processes, improving
productivity and production efficiency (Holmström, Holweg, Khajavi, & Partanen,
2016) and, at the same time, satisfying the dynamic customer requests through
higher product and service personalization (Wang, Hai-Shu Ma, Yang, & Wang,
2017). Knowledge from customers created by means of new interaction ways and
the use of smart products (Porter & Heppelmann, 2014) becomes a strategic data
source that firms may use to deliver tailored products and services to the market.
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Specific industry 4.0 technologies, such as additive manufacturing, allow firms to
improve the participation of customers in the design and production processes
(Acharya, Singh, Pereirac, & Singh, 2018).

Past empirical studies stress the role of new technologies and of customers on
data gathering and on new products and services development (Ślusarczyk et al.,
2019). In addition to customers, also interactions and integration with suppliers
allow companies developing new products by means of new knowledge created
with them (Kiel, Arnold, et al., 2017). The huge amounts of data produced by
devices, systems, and suppliers and customers support production process and
product quality as well as all the related services (Dalmarco et al. 2019; Nagy
et al., 2018). Indeed, Industry 4.0 enables cooperation and new value creation
process through the sharing of production-related data with suppliers and customers.
Use of cloud, big data and analytics, and IoT enable firms to improve product-related
services and product customization (Ardolino et al., 2018). Therefore, products and
services are highly influenced by this new industrial paradigm. Products become
more complex, modular, and configurable supporting mass customization to meet
specific customer needs. Hence, Industry 4.0 is characterized by innovation and
introduction of new products and services as embedded systems based on knowledge
created along the value chain (Fettermann, Gobbo Sá Cavalcante, & Domingues de
Almeida Tortorella, 2018).

The servitization strategy usually shows lack of knowledge regarding the service
offering associated with their manufactured products; thus, acquiring external
knowledge from suppliers and customers can be a way to tackle this problem. The
service-oriented approach by means of data and new knowledge leads to new
business models (Müller, Buliga, et al., 2018). In this case, the main sources of
knowledge are both the new technologies and the interactions with the suppliers and
customers and the benefits of data depend on digital and data processes capabilities
that are, as for the processes, the main challenge companies need to face (Schroeder
et al., 2019).

3.4 Industry 4.0 and Knowledge Management for and from
People

Manufacturing companies approaching the Industry 4.0 revolution need to consider
the human resources as strategically essential to benefit effectively from new
technologies and knowledge they allow to create. The fourth industrial revolution
is strategically driven by creative and open-minded people, rather than on technol-
ogy itself (Ramzi et al., 2018). The new disruptive technologies such as big data,
artificial intelligence, and cloud computing are penetrating all manufacturing indus-
tries and others bringing together the physical and virtual worlds with higher
interconnections inside and beyond the company’s boundaries. This new digital
scenario needs humans both in terms of interactions with external environment and
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of upgraded competences to manage technologies, data, and knowledge (Agolla,
2018).

Empirical studies stressed the strategic role of people for the success of Industry
4.0 and for the exploitation of benefits connected to the new technologies. People are
considered both as a driver of adoption (Arnold & Voigt, 2019) and as an enabler for
the business processes improvements and the achievement of company’ strategic
goals (Tortorella et al., 2020). Indeed, several studies highlight the digital skills and
competences as one of the main challenges of Industry 4.0. High-developed cogni-
tive and processual competencies promote the company’s digital transformation
(Butschan et al., 2019). Lack of technological expertise (Rauch et al., 2019),
qualified employment and qualified engineering staff (Saniuk & Saniuk, 2018),
data management skills (Müller, Kiel, et al., 2018; Schroeder et al., 2019), and
new technological skills to manage processes and new product development
(Krzywdzinski, 2017) are the main critical success factors (Mihardjo et al., 2019;
Sivathanu, 2019). In this case, new knowledge is needed to manage digital transfor-
mation; thus, companies should support the creation of new skills and competences
through different ways, such as training (Mittal et al., 2019) and interactions among
works of internal departments (Kohnová et al., 2019).

In addition to organizational and managerial digital practices and capabilities also
the horizontal and vertical integrations affect the implementation of Industry 4.0
technologies (Agostini & Filippini, 2019; Bienhaus & Haddud, 2018) facilitating the
creation and sharing of knowledge with positive effects on production process and
products (Buchi et al., 2020). Data management coming from the integration of new
technologies with both company and partner’s technological endowment allows
improvements of production process (with effects also on backshoring strategies),
product quality, servitization, and business model innovation (Dachs et al., 2019;
Dalmarco et al., 2019; Jerman et al., 2019).

New technologies have a positive role also in enhancing the customer experience
basing on the real-time information sharing (Ghouri & Mani, 2019). Customers are
the other essential factor of Industry 4.0. They are precious source of knowledge to
personalize products and services (Müller, Buliga, et al., 2018), but also have a key
role for the innovation of business model (Kohnová et al., 2019), and thus they are
seen as drivers of Industry 4.0 implementation (Moeuf et al., 2020; Müller, 2019a).

People are the most important factor from the viewpoint of knowledge creation
and management in the Industry 4.0 paradigm. This new technological approach 4.0
requires changes in talent management practices and the nature of work skill-sets
(technical knowledge, networked and collaborative skills, and interdisciplinary
skills) (Whysall et al., 2019). The manufacturing digitalization requires qualified
workforce and key partners to benefit from operation and marketing opportunities
(Arnold & Voigt, 2019; Paruse, 2019).
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4 Conclusion

Manufacturing companies approach Industry 4.0 as part of the overall firm strategy
(Kane, Palmer, Phillips, Kiron, & Buckley, 2015). Firms adopt new technologies
because they expect to improve business processes (operation, marketing, interna-
tionalization, value chain, etc.) and sustain their competitive position (Bharadwaj, El
Sawy, Pavlou, & Venkatraman, 2013). In the Industry 4.0 paradigm, knowledge
assumes a key role as both driver and enabler affecting the decision to implement the
Industry 4.0 technologies (Wilkesmann & Wilkesmann, 2018). In this sense, Indus-
try 4.0 is a data-driven paradigm because it enables better use of data produced by
technologies and also by interactions along the value chain to create more value
(Klingenberg et al., 2019). Not surprisingly, many Industry 4.0 technologies are in
some way related to data (named data-driven technologies), which enable successful
acquisition of useful data, but also other technologies more related to operation
activities depend on data gathered within and outside the firm boundaries. Indeed,
the achievements of production and/or marketing outcomes through the digital
technologies are linked to the creation of new knowledge for both production and
product improvements (Lee, Davari, Singh, & Pandhare, 2018). Thus, the decision-
making process in the Industry 4.0 and smart manufacturing systems requires
information and knowledge, which can be mined from large amounts of production
data (Tao et al., 2018).

The review of empirical studies about the adoption of Industry 4.0 technologies
allows us a better understanding of the role of knowledge in the fourth industrial
revolution. Firstly, we need to specify that Industry 4.0 is a knowledge-based
approach and that knowledge coming from different sources, from the use of new
technologies and, thus, from internal processes, but also from the interactions with
suppliers and customers. In this case, company should have internally the right
digital competences to manage successfully the data gathered, but also to create
and manage new knowledge to improve business processes. Digital skills and
competences are the most important variable of the relationship between Industry
4.0 and knowledge management because of their strategic role in achieving the
business goals (Ferraris et al., 2019) and improving decision process (He, Wang, &
Akula, 2017) and firm strategy (Xu, Frankwick, & Ramirez, 2016).

Theoretically, the review of empirical studies allows us to advance the literature
on the relationship between Industry 4.0 and knowledge management stressing the
holistic role of knowledge in the new digital revolution. The new technologies allow
manufacturing companies to improve business processes and customize products
and services through data and the new knowledge they are able to generate. The
creation of new knowledge depends both on the use of new technologies and on the
interactions along the value chain (suppliers and customers). However, the achieve-
ment of business benefits strictly depends on human resources and, more specifi-
cally, on digital skills and competences. From this perspective, manufacturing
companies that approach the Industry 4.0 paradigm should consider such new
technologies as new tools that enable new knowledge creation; therefore, they
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should give attention to the digital skills and competences needed to manage this
technological transformation, fostering internal competence upgrading.

The chapter gives some hints about the future directions. Future research should
consider the role of firm strategy (in terms of data-driven products/services and
human resource) on knowledge management. In particular, more papers (such as
conference proceedings and book chapters) from different disciplines would be
considered for an overall understanding of the topic.
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Do Industry 4.0 Technologies Matter When
Companies Backshore Manufacturing
Activities? An Explorative Study
Comparing Europe and the US

Luciano Fratocchi and Cristina Di Stefano

Abstract The objective of this chapter is to analyze the impact (if any) of Industry
4.0 enabling technology on firms’ decision to relocate to the home country their
offshored production activities. In particular, the chapter analyzes whether Industry
4.0 technologies may represent a driver/motivation or an enabling factor for com-
panies which are evaluating such a strategic alternative. In order to reach such an
objective, a two-step explorative methodology has been applied. After implementing
a structured literature review, empirical evidence of backshoring decisions
implemented by both European and US companies has been analyzed. Collected
findings show that the majority of sampled articles conceptualize Industry 4.0
technologies as a driver. At the same time, empirical findings show some interesting
differences between European and US companies adopting backshoring decisions
based on/enabled by Industry 4.0 technologies. Finally, competences (related to both
the manufacturing activities as a whole and the Industry 4.0 technologies) emerge as
one of the most critical issue for investigated companies.

1 Introduction

Companies have been offshoring (and often also outsourcing) their manufacturing
activities for a long time. They mostly relocate to low-cost countries (e.g., Eastern
Europe and Asia) since their main goal was efficiency seeking. However, the
benefits of offshoring have often proven elusive (Manning, 2014); for instance, the
relocation of production activities abroad often diminishes firm’s competence due to
the spatial decoupling of R&D and manufacturing activities (Stentoft, Olhager,
Heikkilä, & Thoms, 2016). This risk is even higher when offshoring decisions are
coupled with the adoption of outsourcing governance mode. In such a context,
employee deskilling and decline of firms’ industrial knowledge emerge (Nujen,
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Halse, Damm, & Gammelsaeter, 2018). This, in turn, may have serious implications
also for the entire economic system of the home country level (Pisano & Shih, 2012).
Therefore, in the last 20 years an increasing number of companies have been
reconsidering their offshoring choice having experienced several offshoring diffi-
culties (Manning, 2014). Consequently, they often adopt a relocation of second-
degree strategy (Barbieri, Elia, Fratocchi, & Golini, 2019), also identified by the
literature as reshoring (Fratocchi, Di Mauro, Barbieri, Nassimbenid, & Zanoni,
2014). This term includes both the relocation to the home country (RHC or
backshoring) and the one to a third country (RTC). The latter is defined alternatively
near-shoring—when the company relocates to a host country within the home
region—and further offshoring—when the new host country is a faraway one.

In the last 10 years, scholars have mostly focused their attention on RHC
operations (Barbieri, Ciabuschi, Fratocchi, & Vignoli, 2018; Stentoft et al., 2016;
Wiesmann, Snoei, Hilletofth, & Eriksson, 2017) particularly studying motivations,
i.e., drivers of the operations. Among them, increasing attention has been paid to
production automation (see, for instance, Ancarani & Di Mauro, 2018; Ancarani, Di
Mauro, & Mascali, 2019) and additive manufacturing (Fratocchi, 2018a, 2018b;
Moradlou & Tate, 2018). Both of them are technologies based on cyber-physical
systems, and are identified with the broad term Industry 4.0 technologies i.e., “smart
machines, warehousing systems and production facilities that have been developed
digitally and feature end-to-end ICT-based integration, from inbound logistics to
production, marketing, outbound logistics and service” (Kagermann, Wahlster, &
Helbig, 2013, see p. 14).

Firm’s internationalization process can be strongly influenced by information and
communications technologies (ICTs); they allow remote coordination and extend the
span of control while reducing its cost (Alcácer, Cantwell, & Piscitello, 2016; Chen
& Kamal, 2016; Leamer & Storpe, 2001). Thanks to those technologies, companies
can redefine their location strategy and “fine slice” the most value adding activities
(Buckley, 2011; Buckley & Ghauri, 2004) or reconfigure their production footprint.
Moreover, the increase in productivity these technologies allow (Brynjolfsson &
McAfee, 2014; Kagermann et al., 2013) may reduce—and even eliminate—location
advantages of low-cost countries (Ancarani et al., 2019; Ancarani & Di Mauro,
2018; Dachs, Kinkel, & Jäger, 2019). At the same time, the adoption of Industry 4.0
technologies allows a higher flexibility of the manufacturing process and increases
companies’ responsiveness to clients’ need and their possibility to offer customized
products (Ancarani et al., 2019; Ancarani & Di Mauro, 2018; Dachs et al., 2019;
Fratocchi, 2018a, b; Moradlou, Backhouse, & Ranganathan, 2017; Moradlou &
Tate, 2018). Finally, Lampón and González-Benito (2019) have recently showed
that companies which improved their key manufacturing resources (e.g., process
optimization, technologies, and facilities) after the offshoring decision are more
likely to backshore.

At the same time, the implementation of Industry 4.0 technologies requests
companies to develop specific competencies (Nujen, Mwesiumo, Solli-Sæther, &
Slyngstad, 2018). In this respect, recent studies pointed out that there is a serious lack
of qualified workforce able to implement such technologies, especially in small and
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medium companies (Stentoft, Jensen, Philipsen, & Haug, 2019; Stentoft &
Rajkumar, 2019). Therefore, companies aiming at implementing backshoring strat-
egies need to evaluate their readiness not only in terms of manufacturing compe-
tences (Lampón & González-Benito, 2019) but also in terms of Industry 4.0 ones
(Nujen, Mwesiumo, et al., 2018).

Considering the above-discussed framework, this chapter mainly addresses two
research questions:

(a) In the evaluation of RSD alternatives, do companies consider Industry 4.0
technologies as a driver/motivation (Fratocchi et al., 2016)?

(b) In the evaluation of RSD alternatives, do companies consider Industry 4.0
technologies as an enabling factor (Engström, Hilletofth, Eriksson, & Hilletofth,
2018; Engström, Sollander, Hilletofth, & Eriksson, 2018)?

A two-step explorative approach will be adopted to investigate the two research
questions, the first of which is conducted through a structured literature review based
on 115 Elsevier Scopus indexed journal articles published until August 2019. The
second step of the adopted methodology is based on empirical evidence based on the
UnivAQ Manufacturing Reshoring Dataset (UMRD), which has already been
adopted in previous backshoring research (Ancarani et al., 2019; Ancarani & Di
Mauro, 2018; Ancarani, Di Mauro, Fratocchi, Orzesc, & Sartorc, 2015; Fratocchi,
2018a, b; Fratocchi et al., 2015; Fratocchi et al., 2016; Wan, Orzes, Sartor, &
Nassimbeni, 2019; Wan, Orzes, Sartor, Di Mauro, & Nassimbeni 2019) since it is
recognized as the most comprehensive at the worldwide level.

The first step of the analysis indicates that interest of scholars in the topic under
investigation has been growing over the years. However, among all the Industry 4.0
enabling technologies, the literature has mainly focused on the study of production
automation (42 out of 115 sampled Elsevier Scopus indexed journal articles,
published from 2014 to 2019) and additive manufacturing (10 documents published
only in the last 2 years). Moreover, only four journal articles (of which three have
been published in 2019) specifically investigated the causality (if any) of Industry
4.0 technologies on backshoring. However, the research findings emerging from
these four articles are quite differentiated and not definitive. Finally, it is worth
noting that, while the majority of sampled articles conceptualize Industry 4.0
technologies as a driver (Barbieri et al., 2018), they have also been viewed as
enabling factors (Engström, Hilletofth, et al., 2018; Engström, Sollander, et al.,
2018). At the same time, empirical findings sorted by the UMRD show some
interesting differences between European and US companies adopting backshoring
decisions based on/enabled by Industry 4.0 technologies.

To investigate the proposed research questions, the rest of the chapter is as
follows: Section 2 describes the methodology adopted. Section 3 presents and
discusses findings. The last section concludes and presents the implications and
limitations of the analysis.
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2 Methodology

As previously introduced, the analysis is conducted adopting a two-step explorative
methodology. At first, a structured literature review regarding backshoring decision
has been conducted following the Seuring and Gold (2012) approach for content
analysis. This approach has been already followed for literature reviews focused on
RHC (Barbieri et al., 2018; Stentoft et al., 2016). Documents have been extracted
from the Elsevier Scopus dataset, which is recognized as one of the most valuable
source for publications in the business and management field of study (Greenwood,
2011). Adopted research criteria were the following:

(a) English written journal articles
(b) Published until August 2019
(c) Containing in the title, abstract, and/or keywords one of the following terms :

“reshor�,” “re-shor�,” “backshore�,” “back-shor�,” “back-reshor�,” and “back-
sourc�”
Authors found a total number of 177 journal articles and carefully read all the

text. Some articles were excluded from the analysis on the basis of the following
excluding criteria:

• Journal articles focusing on RHC implemented by service companies (e.g., ICT
companies)

• Not peer review articles
• Journal articles related to different fields of study (reshoring concept is used with

different meanings in the maritime and building engineering research fields)
• Journal articles not focused on manufacturing (e.g., documents referring to

functions as human resources and research and development (R&D)).
• Based on these criteria, 62 documents were eliminated; therefore, the total

amount of sampled documents was 115 (see Appendix).

The second step of the analysis considers the evidence collected in the UMRD; it
contains data of European and American companies that implemented RHM oper-
ations. To the best of our knowledge, it is the most comprehensive available dataset
on reshoring since it combines evidence from different sources:

(a) European Reshoring Monitor (ERM) dataset: it is a public available dataset that
has already been used in previous backshoring studies (Ancarani et al., 2019;
Wan, Orzes, Sartor, Di Mauro, et al., 2019; Wan, Orzes, Sartor, & Nassimbeni,
2019). It was financed by the EU foundation Eurofound and “collects informa-
tion on individual reshoring cases from several sources (media, specialized
press, scientific literature, practitioner literature) and it organizes it into a secured
access, regularly updated, online database” (https://reshoring.eurofound.europa.
eu/).

(b) Uni-CLUB MoRe reshoring (UCMR) dataset: it is a vast dataset containing
evidence of companies that implemented manufacturing backshoring operations
and has already been considered in several researches on manufacturing
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backshoring (see, among others, Ancarani & Di Mauro, 2018; Ancarani et al.,
2015, 2019; Fratocchi, 2018a, b; Fratocchi et al., 2015, 2016; Wan, Orzes,
Sartor, Di Mauro, et al., 2019; Wan, Orzes, Sartor, & Nassimbeni, 2019).

(c) Reshoring Initiative dataset: it is a large dataset which includes evidence of US
companies that implemented various location strategies (e.g., backshoring, kept
from offshoring, foreign direct investments) having an impact on employment
levels in the USA. It was already used for previous research on the phenomenon
in the USA (Abbasi, 2016; Moore, Rothenberg, & Moser, 2018). Given the
heterogeneity of the operations it includes, all the evidence has been checked by
researchers and only the ones referring to RHC decisions have been incorporated
in the UMRD dataset.

Up to the end of December 2018, the UMR dataset contained a total of 1279
instances of evidence regarding backshoring decisions implemented by companies
belonging to 24 European countries (814), the USA (428), and other foreign
countries (37).

3 Findings

3.1 Findings from the Extant Literature

The analysis of the 115 sampled journal articles clearly shows that the relationship
(if any) between Industry 4.0 technologies as a whole and backshoring has been
specifically addressed by only four journal articles (namely, Ancarani & Di Mauro,
2018; Ancarani et al., 2019; Dachs et al., 2019, Stentoft & Rajkumar, 2018).
However, wider attention has been given to two of the most well-known Industry
4.0 technologies, namely automation and three-dimensional (3D) printing/additive
manufacturing (Table 1). More specifically, reshoring scholars have been increas-
ingly conceptualizing automation as a backshoring driver and/or an enabling factor
since 2014, reaching a total of 42 citations up to August 2019. In contrast, attention
to the role of additive manufacturing/3D printing technologies has arisen only in the
last 2 years. This finding may be—at least partially—explained by the early stage of
the additive manufacturing technologies in large-scale production (Fratocchi,
2018a, b). Finally, only one contribution (Ancarani & Di Mauro, 2018) specifically
refers to other two Industry 4.0 technologies, namely sensors and simulation. At the
same time, Ancarani et al. (2019) investigated the opportunity for adopting cyber-
physical systems to connect production and development and/or buyers and sup-
pliers. Finally, it must be taken into account that the influence (if any) of Industry 4.0
technologies on backshoring decisions has been increasingly proposed as a future
research avenue (e.g., Bals, Kirchoff, & Foerstl, 2016; Barbieri et al., 2018;
Engström, Hilletofth, et al., 2018; Stentoft et al., 2016). Therefore, this chapter
appears to be timely since it allows us to define the state of the art of the academic
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debate on Industry 4.0 technologies and second-degree relocations to the home
country.

Regarding production automation technology, the first evidence in the sampled
journal articles is proposed by Arlbjørn and Mikkelsen (2014) who found that 47.5%
of Danish firms which offshored production activities between 2009 and 2014 found
the same activities could be backshored as a result of the advances in automation.
Similarly, Heikkilä et al. (2018, b) found in a sample of Danish, Finnish, and
Swedish companies that access to technology (including production automation) is
one of the “significantly more important drivers for back-shoring than for
off-shoring ( p � 0.001)” (Heikkilä, Martinsuo, & Nenonen, 2018, p. 228). More-
over, Johansson and Olhager (2018a, b) found, on the basis of a Swedish sample,
that companies that have both off- and backshored during the investigated period
considered the access to technology at a slightly lower level than companies
implementing only backshoring strategies. Finally, in their qualitative study,
Engström, Sollander, et al. (2018) found that several companies decided to
backshore in Sweden following the benefits offered by production automation.
However, the huge contribution of such an enabling technology to the relocation
of manufacturing activities in the home Nordic countries seems to be questioned by
scholars who investigated other geographic areas. For instance, Ancarani and Di
Mauro (2018) point out that only 13.6% of the 840 backshoring decisions belonging
to the EU and US companies they analyzed specifically declared at least one of the
Industry 4.0 technologies as a relocation driver. At the same time, De Backer,
DeStefano, Menon, and Suh (2018) found that robotics have a negative impact on
offshoring decisions (at least for companies located in developed countries) but do
not yet trigger backshoring decisions.

It has been speculated that production automation reduces the relevance of labor
cost as a location criterion since it increases productivity (Abbasi, 2016), making
production in high-cost countries more viable (Engström, Hilletofth, et al., 2018). As
a consequence, such a production technology has usually been considered as a driver
of RHC. It also facilitates the implementation of a flexible production system (Lu,
2017) that allows product customization and firms’ responsiveness (Moradlou et al.,
2017). Based on this, Ancarani and Di Mauro (2018) state that both “cost-oriented”
(i.e., relocation aimed at reducing production and logistics costs) and the “flexibility-
oriented” (aimed at improving a firm’s responsiveness to customer needs)
backshoring strategies are supported by production automation. This evidence is
quite relevant since—according to these two authors—the two typologies of
reshoring decisions are the most diffused among the 840 backreshoring initiatives’
evidence at the worldwide level they analyzed. In contrast, “quality-oriented”
backshoring strategies—i.e., when the relocation to the home country is aimed at
implementing product upgrade strategies (Bettiol, Burlina, Chiarvesio, & Di Maria,
2018)—are less relevant. This finding is quite at odds with previous evidence
collected by Moradlou et al. (2017) and Moradlou and Tate (2018) with respect to
the UK backshoring firms. This divergence may, at least partially, be explained from
a home country perspective, that is the amount of product and process knowledge
located at the home location, either within the backshoring company or within its
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suppliers’ network. In this respect, the relocation within an industrial district at the
home country could be not coupled with investments in Industry 4.0 since the
backshoring company may implement upgrade strategies leveraging on specific
manufacturing competencies (often having craft/manual nature) developed at the
cluster level. On the contrary, firms located in countries where manufacturing
manual competences are no longer available (given the de-industrialization pro-
cesses following decades of offshoring strategies) may substitute them with produc-
tion automation systems (Ancarani & Di Mauro, 2018).

As far as the second research question (Industry 4.0 as a barrier to backshoring
strategies) is concerned, Engström, Hilletofth, et al. (2018) are the only authors
addressing this issue. More specifically, they point out that Industry 4.0 may
represent not only a driver of backshoring decision but also a barrier to its imple-
mentation. In this respect, useful insights have been recently offered by Stentoft and
Rajkumar (2019). Authors point out that companies characterized by high levels of
Industry 4.0 relevance (that is they carefully analyzed drivers and barriers of this
phenomenon) are the ones that either backshored or simultaneously off- and
backshored in the last 3 years. On the contrary, companies remained at the home
country did not develop a specific Industry 4.0 competence. According to the
authors, the former companies (the ones backshored or off- and backshored) have
been developed or are still involved in learning processes. More specifically, such
learning processes might or might not include learning about Industry 4.0 issues. :
“if the level of automation should be seen as a factor acting as a barrier or driver,”
i.e., if it either boosts the backshoring decision or its lack hinders the relocation to the
home country. In this respect, Nujen, Halse, et al. (2018) point out that the intro-
duction of new technologies requests new competences within the company; there-
fore, the implementation of Industry 4.0 programs should be carefully evaluated in
terms of firm’s backshoring readiness (Bals et al., 2016; Nujen, Mwesiumo, et al.,
2018). In this respect, employee upskilling programs are of crucial relevance.

As far as the 3D/additive manufacturing technologies are concerned, it is
expected they will have a disruptive impact on global value chains (GVC), therefore
also supporting backshoring decisions (Brennan, Ferdows, Godsell, & Golini, 2015;
Strange & Zucchella, 2018). In this respect is worth noting that Moradlou and Tate
(2018) found that 72% of 50 investigated companies adopting additive manufactur-
ing technologies positively evaluate the contribution it makes to backshoring deci-
sions. In this respect, d’Aveni (2015) states that 3D printing technologies will induce
firms to locate manufacturing activities closer to customers; hence its adoption
would boost reshoring decisions. Ancarani and Di Mauro (2018) adopt a more
restrictive position, stating that this technology may support the implementation of
only quality-oriented backshoring decisions. This is because additive manufacturing
better supports product development processes and integration between R&D,
design, production, and marketing functions (Ketokivi, Turkulainen, Seppälä,
Rouvinend, & Ali-Yrkköd, 2017). Moreover, additive manufacturing allows firms
to reduce prototyping costs and times (Ancarani et al., 2019). Moreover, Moradlou
and Tate (2018) state that relocation to the home country is boosted by the following
six benefits that additive manufacturing technologies offer in terms of supply chain
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management: “shorter lead time, responsiveness to the product and market changes,
lower transportation costs, fewer miscommunications with suppliers, more custom-
ization options, fewer products stored in inventory” (see p. 241). At the same time,
Fratocchi (2018a, b) presents evidence that 3D printing technology produces tech-
nical and economic advantages that adequately respond to the backshoring drivers
presented by the literature (Barbieri et al. 2018). Moreover, Fratocchi (2018a, b)
showed that additive manufacturing technologies are adopted in the same industries
in which the literature identified greater evidence of backshoring decisions. This is in
line with Laplume, Petersen, and Pearce (2016) who identified industries more likely
to introduce additive manufacturing technologies.

As already noted, the attention paid by scholars to the relationship (if any)—and
even the causality—between manufacturing reshoring and the whole set of Industry
4.0 technologies is still in its infancy. Among the few authors who have investigated
such a linkage, Ancarani and Di Mauro (2018) point out “robotics is not a necessary
ingredient of [back-]reshoring” but “Industry 4.0 supports manufacturing [back-]
reshoring when design and product innovation are involved” (2018, see p. 8). At the
same time, Ancarani et al. (2019) provide evidence that—at least until now—
backshoring decisions have been implemented without investing in new technolo-
gies, especially if the relocation was aimed at leveraging on the “made in” effect
and/or shortening the lead time and improving firms’ responsiveness. However,
authors expect Industry 4.0 may play—in the near future—a specific role in
supporting manufacturing relocation decisions, especially in the case of skill short-
age—due to previous de-industrialization emerging after decades of manufacturing
offshoring—and/or when companies aim to improve design and strengthen product-
development linkage. Previous findings are also confirmed by Stentoft and
Rajkumar (2019) who analyzed a sample of Danish manufacturing companies.
They found that the investigated technologies have no impact on the decision to
relocate manufacturing activities to the home country. In contrast, Dachs et al.
(2019) found a positive and significant association between investments in Industry
4.0 technologies and backshoring decisions. Moreover, their study—which has been
focused on manufacturing companies belonging to Germany, Austria, and Switzer-
land—also shows that there is no causality between the two variables since both of
them are driven by the research on higher levels of flexibility. It is worth noting that a
previous investigation on a German sample conducted by Müller, Dotzauer, and
Voigt (2017) (not included in the sampled literature) found that in only 13 of the
50 sampled backshoring decisions they analyzed, have Industry 4.0 technologies
played a supporting role. Moreover, quantitative analysis of the issue did not support
the correlation: considering a Likert scale (from 1 to 5), the mean value was 2.3, for
companies that implemented backshoring while in-sourcing their production activ-
ities, and 2.2 for those which backshored while outsourcing. Findings by Müller
et al. (2017) also show that the adoption of investigated technologies is mainly
related to companies declaring the following backshoring drivers: innovation, testing
of technologies, and time-to-market reduction.

Of specific note is the Dachs et al.’s (2019) study, in which the authors point out
that the higher level of responsiveness allowed by Industry 4.0 technologies may be
carefully evaluated in terms of geographical distribution of firms’ customers. More
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specifically, if company customers are located in countries/regions other than the
home country, the adoption of Industry 4.0 technologies would induce companies to
implement RTC strategies, either in the form of near-shoring or of further offshoring.

To sum up, the structured literature review conducted earlier offers a varied set of
results which are not conclusive. While several authors recognize that single Indus-
try 4.0 technologies (mainly 3D/additive manufacturing and automation) may have
an impact on manufacturing relocation decisions, their impact is highly dependent
on the strategic aims pursued by the company. Moreover, analyses have been
focused, until now, on a restricted number of countries (mainly in Europe). Further
investigations are then requested; in this respect, evidence belonging to the
UMRD—which will be discussed in the next section—may contribute to the aca-
demic debate.

3.2 Empirical Findings

The literature review did not provide homogeneous results that can be considered
conclusive; therefore, to further investigate the topic we now analyze empirical
evidence from the UMRD. The latter includes data collected from secondary sources
of backshoring decisions performed by European and US companies. Up to the end
of December 2018, the UMRD covered a total of 1279 instances of evidence
regarding backshoring decisions implemented by companies belonging to 24
European countries (814), the USA (428), and other foreign countries (37). Before
analyzing the impact (if any) of Industry 4.0 technologies on the backshoring
decisions, it seems useful to point out the main characteristics of the sampled
backshoring decisions. In so doing, similarities and differences among the two
main subsamples (European vs. US companies) deserve specific attention.

As far as the geographical dimension (home vs. host country/region) is
concerned, three out of four US companies backshored from Asia (in particular
from China), while European companies implemented backshoring more homoge-
neously from Asia and Europe (Table 2). Moreover, it is worth noting that the
majority of intra-Europe relocations have been implemented among Western coun-
tries, i.e., among high-cost nations (when compared with those in Eastern Europe).

The breakdown by firm’s size shows a higher homogeneity among the two
subsamples, even if large companies are slightly more overrepresented in the
European one (52.2% of total ones vs 43.7%).

Focusing the attention on industries, among most representative industries both in
Europe and in the USA there is “manufacture of electrical equipment” and “manu-
facture of machinery and equipment not elsewhere classified n.e.c.” (difference up to
1%). Differently, “manufacture of leather and related products” is an industry in
which more European companies implemented the relocation, while “manufacture
of computer, electronic, and optical products” is more diffused in the USA.

Examining drivers of relocation (Table 3), for both European and US companies
three of the four most important drivers are related to the value-based quadrants of
the Fratocchi et al.’s (2016) framework, namely: “customer responsiveness
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Table 2 Breakdown of backshoring decisions by home and host region

Host region/country Europe (%) USA (%) Others (%) World (%)

China 33.8 61.0 45.9 43.2

Asia (other than China) 9.2 11.0 8.1 9.8

Asia (not specified) 2.2 4.0 5.4 2.9

Asia 45.2 75.9 59.5 55.9

Eastern Europe and former USSR 17.6 0.7 10.8 11.7

Western Europe 26.0 7.7 21.6 19.8

Europe (not specified) 0.5 0.2 0.4

Europe and the former USSR 44.1 8.6 32.4 31.9

North Africa and the Middle East 3.7 0.9 2.7

South Africa 0.1 0.0 0.1

Africa (not specified) 0.2 0.2 0.2

Africa 4.1 1.2 3.0

USA 0.4 0.0 0.2

North America (not USA) 2.0 2.3 2.7 2.1

Central and South America 1.5 9.8 2.7 4.3

Americas 3.8 12.1 5.4 6.6

Oceania 0.1 0.2 0.2

Not available 2.7 1.9 2.7 2.4

Total 100.0 100.0 100.0 100.0

Source: UnivAQ More reshoring dataset

Table 3 Breakdown of backshoring decisions by declared motivationa

Motivation
Europe
(%)

USA
(%)

Others
(%)

World
(%)

Customer responsiveness/vicinityHigher service quality 17.1 27.6 8.1 20.3

Logistics costs (including freight costs) 16.3 28.5 8.1 20.2

Made in effect (home country) 19.5 22.2 5.4 20.0

Delivery time (including delays) 17.3 24.5 10.8 19.5

Offshored poor product quality 16.1 23.1 13.5 18.4

Firm’s organizational restructuring 17.6 8.6 16.2 14.5

Adoption of automation and/or other innovative
product/process technologies (excluding 3D printing/
additive manufacturing)

13.1 11.7 13.5 12.7

Increasing labor cost in the host country (including higher
productivity in the home country)

7.6 19.4 18.9 11.9

Total cost of ownership 11.8 11.4 16.2 11.8

Source: UnivAQ More reshoring dataset
aMotivations declared by at least 10% of companies at the worldwide level. Motivation belonging to
Industry 4.0 in bold
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improvement” (20.3%), “made in effect” (20% of total sample), and “delivery time”
(19.5%) while “logistics costs” (20.2%) belongs to the cost quadrants. Even if these
drivers are relevant for both the subsamples, they were slightly more cited by US
companies.

When considering Industry 4.0 technologies, findings by Ancarani et al. (2019)
are confirmed since companies only cited production automation and additive
manufacturing as drivers for relocation to the home country. However, while
automation has been declared a backshoring driver in 12.7% of the sampled deci-
sions (with a slight over-citation by European companies: 13.1% vs. 11.7%), the
adoption of additive manufacturing technologies has been considered as a reshoring
motivation in only 1.3% of the sampled relocation decisions. Moreover, such a
technology has been implemented almost exclusively by US companies
(0.5% vs. 2.8%). Finally, only five (four US and one European) out of the
16 firms adopting 3D/additive manufacturing technologies also cited product auto-
mation as a driver for the backshoring decision. This finding confirms—at least
partially—the Ancarani and Di Mauro (2018) and Ancarani et al.’s (2019) evidence
that the two investigated technologies are likely to support different typologies of
reshoring decisions. More specifically, both articles suggest that production auto-
mation is more consistent with “cost-oriented” and “flexibility-oriented”
backshoring decisions while “quality-oriented” ones are better supported by additive
manufacturing technologies. However, our data unexpectedly show that—consider-
ing only the 10 most cited motivations—production automation has been jointly
cited with the following three motivations (all referring to quality-oriented relocation
decisions): “cost and difficulties in controlling the host country activities” (21.4% of
total companies cite this motivation), “made in effect” (15.6%), and “vicinity of
engineering and production” (15%). In contrast, issues regarding production costs
(e.g. “total cost of ownership” and “labor costs/productivity”) are jointly cited by
less than 10% of the sampled companies adopting production automation (Table 4).

Table 4 Backshoring motivations cited jointly with the production automationa

Motivations
Europe
(%)

USA
(%)

Others
(%)

World
(%)

Customer responsiveness/vicinity
Higher service quality

12.9 13.6 66.7 13.8

Logistic costs (including freight costs) 8.3 8.2 33.3 8.5

Made in effect (home country) 18.9 10.5 15.6

Delivery time (including delays) 18.4 8.6 50.0 14.8

Offshored poor product quality 13.7 10.1 40.0 12.8

Cost and difficulties in controlling the host country
activities

21.8 19.4 50.0 21.4

Vicinity of engineering and production + Firm‘s strategies
focused on product and process innovations

17.2 12.7 15.0

Source: UnivAQ More reshoring dataset
aOnly motivations cited by at least 10% of companies at the worldwide level
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Though 3D/additive manufacturing technologies have been cited as a
backreshoring driver by very few companies (16 out of 1,269), it is worth noting
that companies citing such a technology mainly stated their backshoring decisions
were based on “cost and difficulties in controlling the host country activities” (5.8%
of total companies cited this motivation) and “vicinity of engineering and produc-
tion” (4%). This finding is consistent with the expectations of Ancarani and Di
Mauro, Fratocchi, Orzes, and Sartor (2018), and Ancarani et al. (2019).

Given the little evidence of backshoring decisions implementing 3D/additive
manufacturing technologies, further insights may emerge when considering the
breakdown of backshoring decisions citing product automation as a driver by size,
geography, and industry. As far as size is concerned (Table 5), quite unexpectedly
data show this technology—which generally requires high levels of investment—to
be mainly adopted by medium-sized companies (16.2% of total firms in the
range vs. 10% for the large ones and 12.8% for small and micro ones), especially
among European companies.

When considering the geographic issues (Table 6), data clearly show that the
adoption of automated production technologies is not influenced by the host region
where companies have earlier offshored production activities. Also, this finding is
partially unexpected, since one would have expected that backshoring decisions
regarding production activities located in low-cost countries (e.g., Asia) would be

Table 5 Backshoring evidence citing production automation: breakdown by firm’s size

Firm’s
size

% of total European
companies

% of total US
companies

% of total other
countries’ companies

% of worldwide
companies

Large 11.5 9.6 10.3 10.9

Medium 18.2 12.6 16.2

Small and
micro

12.2 13.3 25.0 12.8

n.a. 33.3 100.0 16.7

Total 13.1 11.7 13.5 12.7

Source: UnivAQ More reshoring dataset

Table 6 Backshoring evidence citing production automation: breakdown by host region

Host region
% of European
companies

% of US
companies

% of other
countries’
companies

% of worldwide
companies

Asia 13.6 12.3 13.6 13.0

Europe and the
former USSR

12.8 13.5 12.5

Africa 21.2 18.4

Americas 3.2 9.6 7.1

Oceania

Not available 13.6 100.0 12.9

Total 13.1 11.7 13.5 12.7

Source: UnivAQ More reshoring dataset
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largely supported by automation when compared with medium- and high-cost
countries (e.g., Europe). Moreover, it is in contrast with previous findings of
Dachs et al. (2019) in terms of higher “Industry 4.0 readiness” of large companies
with respect to small and medium ones. A possible explanation for this unexpected
result may be represented by latter-day implementation of automated production
systems by the medium companies.

Finally, when considering the firms’ industry (Table 7) dissimilarities among
European and US backshoring decisions clearly emerge. For instance while only 7%
of European leather manufacturers declared to have invested in production automa-
tion when backshoring, the corresponding value for US companies is 28.6%. In
contrast, European companies have highly automated furniture production (22.2%)
compared with US ones (4%). This finding seems to confirm that the home coun-
try—at least partially—matters when investigating the backshoring decisions (Wan,
Orzes, Sartor, & Nassimbeni, 2019).

Table 7 Backshoring evidence citing production automation: breakdown by firm’s industrya

NACE
Code Description

Number of
companies at
the
worldwide
level

% of total
European
companies

% of total
US
companies

% of total
other
countries’
companies %

26 Manufacture of com-
puter, electronic, and
optical products

153 15.9 7.8 14.3 12.4

28 Manufacture of
machinery and equip-
ment n.e.c.

130 11.6 9.8 10.8

27 Manufacture of elec-
trical equipment

128 6.4 17.8 10.2

14 Manufacture of
apparel

108 16.3 14.8 15.7

25 Manufacture of fabri-
cated metal products,
except machinery and
equipment

85 26.2 17.1 21.2

22 Manufacture of rubber
and plastic products

73 13.5 12.1 100.0 16.4

10 Manufacture of food
products

58 22.4 19.0

31 Manufacture of
furniture

52 22.2 4.0 13.5

24 Manufacture of basic
metals

21 31.3 23.8

Source: UnivAQ More reshoring dataset
aOnly industries with no less than 20 companies at the worldwide level
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4 Concluding Remarks

The chapter aimed to investigate the relationship (if any) between Industry 4.0
technologies and decisions to relocate earlier offshored manufacturing activities to
the home country. To shed new light on this research question, an exploratory
approach has been implemented adopting a two-step methodology. First of all a
structured literature review has been conducted on a sample of 115 Scopus indexed
journal articles published between 2007 and August 2019. This research clearly
shows the topic is attracting growing interest among scholars (at least from 2014).
However, they mainly focus on specific technologies, namely production automa-
tion and 3D printing/additive manufacturing. In any case, findings are not sufficient
to be conclusive and seem to be influenced by geographic issues, since automation is
not equally implemented in the different Western countries, also because of their
different industry structure (i.e., the type of sectors in which local companies
operate). Only four journal articles specifically address the relationship between
Industry 4.0 technologies and backshoring decisions; moreover, their findings are
somewhat contrasting. For instance, Dachs et al. (2019) found a significant and
positive relationship (but not also the causality) between the two issues while
Ancarani et al. (2019) and Stentoft and Rajkumar (2019) did not discover any
connection. This finding might induce the speculation that country-specific issues
may influence the obtained results, since Dachs et al. (2019) focus on German,
Austrian, and Swiss companies, while Stentoft and Rajkumar (2019) on Danish
ones. As clearly showed by analyzing data from the UMRD, the European and US
companies that backshored their production based on Industry 4.0 technologies are
characterized by some dissimilarities, especially in terms of industry and adopted
technology (production automation vs. additive manufacturing). Finally, the geo-
graphic dimension deserves a specific note since investments in Industry 4.0 tech-
nologies may be influenced by financial aids provided by national and/or local
government bodies. In this respect, Ancarani et al. (2019) suggest policymakers
should not only offer companies the possibility to reduce the fixed cost belonging to
the adoption of Industry 4.0 technologies but also to develop “the necessary digital
competencies for the successful exploitation of these technologies” (2018, p. 10).
This is consistent with Nujen, Halse, et al. (2018) who state Industry 4.0 investments
“have little value unless complemented with employee upskilling programs” (2018,
see p. 690). Moreover, authors point out that the use of advanced technologies, as the
ones belonging to Industry 4.0, needs to be complemented with other manufacturing
competences. In this respect, Lampón and González-Benito (2019) state that
backshoring strategies are more likely implemented by companies which improved
their key manufacturing resources (e.g., process optimization, technologies, and
facilities). Moreover, in the case of backshoring decisions coupled with
re-insourcing ones, these competences may be already available within the firm or,
more often, have to be redeveloped activating adequate learning process. To sum up,
the effective implementation of both Industry 4.0 technologies and backshoring
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strategies requests companies to carefully evaluate their readiness and activate
proper learning processes.

Another issue emerging as relevant is the one concerning the size. While it is
generally expected Industry 4.0 technologies are more easily adopted by large
companies, analysis of UMRD data provides evidence that—at least production
automation—is mainly implemented by European medium-sized companies and US
small and micro ones. Future research should further address this aspect, given the
implications in terms of availability of skilled employees (Stentoft & Rajkumar,
2019).

A third question is still open as regards the relationships (if any) between the
adoption of a specific Industry 4.0 technology and the strategic aims pursued by the
backshoring decision. While Ancarani et al. (2019) and Ancarani and Di Mauro
(2018) suggest that production automation is more consistent with “cost-oriented”
and “flexibility-oriented” backshoring decisions; data from the UMRD provide
evidence that companies adopting this technology were driven by motivations
belonging to the “quality-oriented” backshoring decisions.

The previous discussion induces us to conclude that further studies are requested
to further investigate the proposed research question. Our study has an explorative
aim and is mainly based on secondary data; therefore, our conclusions are not
generalizable. However, it may represent a useful state of the art of the academic
debate and of backshoring evidence available up to now. In this respect, we suggest
future research should couple a longitudinal case study approach with quantitative
surveys.

Appendix

Publication
year

Authors Journal Automated
production
system

Additive
manufacturing
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and
Back-
shoring

2007 Kinkel, S., Lay, G.,
Maloca, S.

International
Journal of Entre-
preneurship and
Small business

2009 Kinkel, S., Maloca,
S.

Journal of Pur-
chasing and Sup-
ply Management

2011 Hogg, D. Manufacturing
Engineering

2012 Kinkel, S. International
Journal of Opera-
tions and Produc-
tion Management
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2013 Baldwin, R.,
Venables, A.J.

Journal of Inter-
national
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Knowledge and Digital Strategies
in Manufacturing Firms: The Experience
of Top Performers

Marco Bettiol, Mauro Capestro, Eleonora Di Maria, and Stefano Micelli

Abstract In the past few decades, ICT supported firms managing knowledge
through both codification and social interaction, also at distance. Within the Industry
4.0 framework, firms can access knowledge through the cloud and rely on big data
and AI to improve their processes and enhance their market comprehension. How-
ever, it is not fully explored how knowledge management should be organized in the
fourth industrial revolution, since a lot of emphasis has been given to automatization
in data management, while the relational dimension of knowledge management has
received limited attention. Through an empirical analysis based on mixed method of
a survey on 75 top performing Italian manufacturing firms and follow-up on 5 case
studies, the chapter explores these questions to identify the implications of Industry
4.0 for firms’ strategy.

1 Introduction

Knowledge is a strategic component of the modern firm (Drucker, 1995; Kogut &
Zander, 1992; Nonaka & Takeuchi, 1995; Spender, 1996), and it is at the core of the
elements that distinguishes one firm from another. Knowledge is idiosyncratic and
firm-specific. The way firms manage knowledge is not just a matter of efficiency but
it is crucial to compete in the markets and to sustain its competitive advantage. Alavi
and Leidner (2001) affirm that “Because knowledge-based resources are usually
difficult to imitate and socially complex, the knowledge-based view of the firm posits
that these knowledge assets may produce long-term sustainable competitive advan-
tage” (p. 107). This approach is rooted in the resource-based view of the firm that
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emphasizes the importance of how tangible resources are combined and used by
virtue of the firm’s know-how (Barney, 1991).

For those reasons, knowledge management (KM) literature plays an important
role in the firm’s strategy. The origin of the strategic importance of knowledge
management can be traced back to Polanyi “I shall reconsider human knowledge by
starting from the fact that we can know more than we can tell.” (1966, p. 4). This
interpretation of knowledge as largely based on a tacit and unarticulated dimension
at both individual and organizational levels has led to the definition of managerial
practices for transforming the knowledge in a way that could be used by the firm. As
Nonaka and Takeuchi maintain in their seminal book The Knowledge Creating
Company (1995), the firm could improve its competitiveness leveraging on the
distributed knowledge pools within its boundaries. The well-established SECI
model elaborated by Nonaka and Takeuchi is a way to get access to individual-
tacit knowledge and transform that in explicit and useful knowledge for the firm. The
interplay between tacit and explicit knowledge is at the heart of the strategic
relevance of knowledge.

Several KM initiatives conceived technology, in particular, information technol-
ogy (IT), with the purpose of “extracting” knowledge and make this contextual and
highly personal resource at the disposal of the firm as a whole. Around the 2000s, in
coincidence with the rapid growth of the Internet and the development of new
software for storing and managing information, KM focused on the use of those
applications as filters through which information produced within the firm is cap-
tured and stored. KM projects implemented database and software for storing and
processing information (i.e., Enterprise Resource Planning) with the idea that
knowledge can be interpreted as oil,1 an extraordinarily valuable resource distributed
within the firm that just need to be discovered and put in the pipeline to be ready to
use. Ironically, the same oil metaphor will come back later when we discuss the
potential of Industry 4.0 in relation to big data.

Although those KM initiatives were effective for data and the management of
simple tasks, they had difficulties in fostering knowledge in the firm (Davenport &
Prusak, 1998). Database can store a lot of data and information, but it is questionable
how those data and information can be transformed into knowledge especially when
the process within the firm is complex. Indeed, some authors underline that tacit and
explicit knowledge are strictly interconnected and that it is hard to separate one from
the other (Alavi & Leidner, 2001). Tacit and explicit are two sides of the same coin.
Brown and Duguid affirm (2000): “From the idea that tacit knowledge is “non-
tradable” and needs to be converted into explicit form to circulate, we come instead
to the idea not only that conversion (if it involves uprooting knowledge from the
tacit) is problematic, but also that tacit knowledge is required to make explicit
knowledge usefully tradable or mobile. Only by first spreading the practice in
relation to which the explicit makes sense is the circulation of explicit knowledge

1https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-
oil-but-data

86 M. Bettiol et al.

https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-but-data
https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-but-data


worthwhile (Cook and Brown, 1999). Knowledge, in short, runs on rails laid by
practice.” (p. 204, bold is ours). It seems a paradox that to transform tacit into
explicit more tacit knowledge is required.

Knowledge is not a treasure that waits to be discovered, but it is a more subtle
object that needs a social context to be produced and shared. Paraphrasing a well-
known book by Brown and Duguid (2000, 2001), we could say that information and
knowledge have a social life: it relies, in other words, in a social fabric and a
common understanding. Knowledge is not a regular good that can be transferred
and produced mechanically, but it requires a social context and shared sense-making
mechanisms.

From this perspective, the role of technology changes: from knowledge extraction
to an enabler of collaboration and sharing among workers within and outside the
firm. ICT (Information and Communications Technologies) supports humans in the
production, memorization, sharing, and application of knowledge via tools that
enhance collaboration and foster networking. The social and cultural facets of
knowledge are not discarded and become central to the development of technologies.
In particular, communication technologies take center stage. Conversions among
people are crucial for sharing information and problem-solving. As confirmed by
ethnographic research, humans produce and exchange knowledge through narratives
and interactions (Orr, 1996). In this regard, a technology family called Groupware,
composed of forum, discussion bulletin, email, etc. was widely used in KM projects
for sustaining the interaction among workers. The objective was to foster the
development of communities of workers within the firm to increase knowledge
circulation.

The comparison between an extractive approach to KM practices based on IT and
relational approach to KM practices based on communication technologies is useful
to consider the new technological frontier of Industry 4.0 and its promise to have
both an increased amount of data available from the production of an item to its
consumption and new software capabilities (artificial intelligence) for processing
information. The potential of this new technology (AI) is to transform traditional
manufacturing and to create innovative services for the customer. Thanks to machine
learning and deep learning, software can create knowledge in an automated way that
could lead to better decision-making. From this perspective, Industry 4.0 is not only
a new family of technologies for supporting knowledge production and sharing
among people but also—and here is the novelty—an independent source of knowl-
edge although generated algorithmically. At least potentially, machines could have
the ability to put information into practice taking decision with limited human
supervision (Floridi, 2016). Those technologies have the capability of acting in the
physical world, facing and solving problems as robots that auto determine
malfunctions and suggest possible interventions. More information and more com-
putational power available seem to lead to a knowledge revolution that will change
the way we produce and share knowledge and also introducing new agents in the
knowledge management field, machines with increasing information process
capabilities.

If, as we mentioned at the beginning of this paragraph, knowledge is a strategic
resource, firms have to deal with this revolution and to use the new potentiality
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offered by technology to sustain their competitive advantage. Although there is great
emphasis on Industry 4.0 in the media and in the consulting world, it is unclear how
and when firms will adopt those new technologies. More importantly, it is still
questionable with what KM perspective those technologies will be used by firms.
Are the firms investing in Industry 4.0 in order to automatize and extract knowledge
or they prefer to increase the communication and relations among workers? Are
firms focusing on more tacit or explicit forms of knowledge? How autonomous are
those machines and how they are changing decision-making?

In order to answer those questions, we conducted quantitative and qualitative
research on Italian manufacturing firms. We decided to focus on manufacturing
because this industry is at the cusp of a great transformation led by those new
technologies. We selected Italy because it is the second-largest manufacturing
country in Europe and it is mainly based on low/medium-tech productions that
expose Italian firms to the aggressive competitiveness not only by low-cost coun-
tries, but also from more developed ones that are becoming more flexible and
innovative in their production with the help of such new technologies. To understand
how Italian firms are dealing with Industry 4.0, we decided to focus on the best
performing firms that we thought to have the higher probability of using those
technologies compared to other firms.

Before analyzing the result of our research, it is useful to take a deeper look at
what are Industry 4.0 technologies and how they promise to transform manufactur-
ing and KM within the firm.

2 Manufacturing and Industry 4.0

2.1 Managing Knowledge to Support Manufacturing

It is difficult to draw a line and define when this revolution took place. One good
starting point is “How to (Make) Almost Anything” the title of a famous engineering
class taught by Prof. Neil Gershenfeld at MIT. The class was specifically designed
for applying the potential of digital technologies to the physical world. As Neil
Gershenfeld (2012) affirms: “A new digital revolution is coming, this time in
fabrication. It draws on the same insights that led to the earlier digitizations of
communication and computation, but now what is being programmed is the physical
world rather than the virtual one. Digital fabrication will allow individuals to design
and produce tangible objects on demand, wherever and whenever they need them.
Widespread access to these technologies will challenge traditional models of busi-
ness, foreign aid, and education.” (p. 43) CNC machines, 3D printers, and the
distribution of cheap sensors are the protagonist of a remarkable transformation of
a physical object into digital information or bits and back from bits to atoms. “Atoms
become the new bits,” as Chris Anderson (2010) put it, and it is possible to shape
objects following the rules of the digital while overcoming the limitations of
traditional manufacturing. For example, 3D printing can produce shapes that are
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impossible to obtain with the traditional techniques of subtracting manufacturing
(milling machines).

But that revolution is more profound. Gershenfeld admonishes that the very
nature of this technological transformation is based on quantity and quality of the
information available: “The revolution is not additive versus subtractive manufactur-
ing; it is the ability to turn data into things and things into data” (p. 44). More
information means more precision, efficiency, and a decreasing cost of manufactur-
ing and, at the same time, more flexibility thanks to the use of this information for
producing an increased variety of products. Indeed, this revolution aims at solving
one of the most important trade-offs in traditional manufacturing:
volume vs. personalization, or between quantity vs. quality. With existing technol-
ogy, mass production needs product standardization and economy of scale, while
customization is economically possible in low volume and at the expense of a high
cost of production. Ideally, that revolution could lead to a future of makers (Ander-
son, 2010) that can self-produce customized products—based on their needs—at a
fraction of the cost of today. From this perspective, the manufacturing industry is no
more necessary in increasing the autonomy of the users in (auto) making the
products. The focus of attention moves from industry to individuals that can now
own the means of production (i.e., 3D printing) and access the required knowledge
for making products via online communities of users (Anderson, 2012). We could
define that as the American approach to that technological revolution.

In Europe, that technological revolution took the name of Industry 4.0 a term
coined in Germany (Kagermann, Helbig, Hellinger, & Wahlster, 2013; Lasi et al.,
2014) as part of a public initiative for understanding the impacts of automation in
manufacturing. As the largest manufacturing country in Europe, Germany was
interested in maintaining its leadership in the industry applying the potential of
digital technologies. Instead of conceiving a future without manufacturing produc-
tion, Germans worked on the idea of transforming the manufacturing process thanks
to the new possibility offered by digital technologies and its integration with
traditional machines. The starting point of the German approach is based on the
concept of cyber-physical systems that aims at managing the interconnections
between physical assets and computational capabilities (Lee, Bagheri, & Kao,
2015). The new availability of cheap digital sensors that can be distributed in the
manufacturing process and the possibility of connecting isolated machines to a
computer network increase the quantity and quality of data and information available
for the firm (Wang, Törngren, & Onori, 2015). Thanks to the extensive use of
connected machines and the increasing amount of data, the factory itself can become
smarter, able—at least theoretically—to self-organize production based on contin-
uous feedback (Wang, Wan, Zhang, Li, & Zhang, 2016).

Although there are several possible definitions of Industry 4.0, the literature on
engineering and manufacturing tried to identify the main technologies that compose
Industry 4.0. Based on an extensive literature review, Alcacer and Cruz-Machado
(2019) consider the following technologies under the umbrella of Industry 4.0: the
Industrial Internet of Things (sensors and connected machines), Cloud Computing
(distributed platform for accessing information and computation), Big Data (storage
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of increasing amount of data on manufacturing processes), Simulation (the possibil-
ity to anticipate the results of a manufacturing process through specialized software),
Augmented Reality (the possibility to help the operator on the line via enriched
information mixed with the perception of the real situation), Additive Manufacturing
(i.e., 3D printers), Horizontal and Vertical Integration Systems (integration of
different technologies within different areas of the firm—horizontal—or in the
supply chain—vertical), Autonomous Robots (robots that can take decisions and
can cooperate among them with limited human supervision), and Cybersecurity
(mechanism to protect data and computation systems from external aggressions).
To those technologies we could also add the increased availability of artificial
intelligence (AI) solutions that based on the data gathered could define a new course
of action and taking decisions with limited human control (Fry, 2018). The list of
technologies has also been identified within specific policies developed in many
countries (i.e., Germany, Italy) to financially support firms’ technological invest-
ments in selected directions.

The objective of Industry 4.0 is to respond to the increasing request for person-
alized products coming from the consumers. In this context, smart manufacturing is
synonymous for flexible and agile manufacturing that can respond more quickly and
precisely to the market. The technological revolution is opening a new scenario of
advanced manufacturing where custom products are feasible at decreasing cost (see
Fig. 1). The anticipated and never achieved so far mass customization (Pine II, 1993)
seems finally at hand. The technology and its application at the factory level seem
mature enough to make mass customization real. From the perspective of Industry
4.0, the factory is the epicenter of the revolution where the potential of technology

Fig. 1 Shifting trade-offs with advanced manufacturing: scale, product variety, and unit costs.
Source: Sturgeon, Fredriksson, and Korka (2017)
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can be fully deployed. The factory is where the strategic knowledge is produced and
stored.

Although they have differences, both the American and the European (German)
take on technological revolution have something in common: the increasing demand
of knowledge that is needed in manufacturing. We could say that beyond being a
technological revolution it is also a cognitive one, in the sense that new knowledge
and understanding are needed. There are at least three main areas where we expect
that knowledge will expand.

The first one is knowledge of the product. Sensors, digital machines, computer
networks, databases, software, etc. are producing an increasing amount of data and
information available about how and when a product is used by the consumer. In this
perspective, the rise of smart products (IoT) can open a new domain for a better
understanding of the needs of the consumers. Porter and Heppelmann (2014) sustain
that the diffusion of smart products could also modify the structure of value chains
and the rules of competition. The consumer is not just the end user of the product but
could be the new starting point of the production and could be involved in the
definition of the product through online collaboration or co-produce the product
herself (Anderson, 2012). The knowledge developed by the customer in her own
experience could be useful for defining new business models centered on the
consumer (Bogers, Hadar, & Bilberg, 2016).

The knowledge of the product means also a better understanding of the produc-
tion processes. Although it is questionable that more data can be translated into
knowledge per se, the possibility to gather information about the product itself and
the machines used in the factory could help the operator to increase their knowledge
and to have new sources for problem-solving and improving the production process.
For example, the possibility of adding a sensor to a traditional milling machine could
give to the operator and the plant manager a better understanding of the defects of
production and this may lead to new maintenance practices or a new organization of
production. This is even more true if we consider the complexity of existing value
chains where the production is fragmented among several firms specialized in the
specific phase of production. This is particularly relevant in the context of small and
medium-sized enterprises (SMEs) and of clusters where a high division of labor
exists among localized firms and innovation is tightly coupled with supplier–buyer
interaction in the value chain (Chiarvesio, Di Maria, & Micelli, 2004).

The second one is knowledge of the technology. Although several of the tech-
nologies that are part of the Industry 4.0 are not new, their combination is something
that is not well established (Alcacer & Cruz-Machado, 2019). The power of digital
technologies (sensors, database, software) combined with more flexible machines
(robots, additive manufacturing) is a new paradigm that is literally in the making.
Specific knowledge on the single technological domain is probably abundant, but
how those technologies interact and could be something new that has to be perfected.
Best practices on how to mix and match those technologies are still under develop-
ment and it will be a learning-by-doing experience. At the moment there is still a lot
of confusion on when, how, and where to apply those technologies. The recent
failure of Adidas in developing their project of a highly automatized and digitalized
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factory called Speedfactory is indicative of technological systems that are not
mature. In particular, according to what has emerged in the media, the robotic
factory was able just to produce a limited number of models, which mainly consisted
of running shoes with a knit upper while it was unable to produce leather ones. “It’s a
different kind of joining process behind it where we just don’t have a solution yet,”2

said Ulrich Steindorf, senior director of manufacturing at Adidas. Just because a
specific technological solution is available, it does not mean that it could be applied
to a specific production process. There is a lot of dark spots to explore within the
technological framework of Industry 4.0. Dead ends and best practices are not well
known yet.

The third one is knowledge of the management of the firm. We refer to the
combination between the new technological features and new opportunities to be
discovered. As happened in the previous industrial revolutions, the introduction of
new technologies implied a new way of organizing both the production and the
definition of the product. It took several years after the invention and diffusion of
electricity before an entrepreneur such as Henry Ford developed an organizational
model based on the assembly line and large scale of production in order to take full
advantage of that technological innovation. Besides, Ford had to identify a new
market opportunity: a car that was targeted to the mass instead of small niches of
affluent consumers. That concept was something completely new for the time.

Technology needs to meet strategy to express its full potential. If the analogy with
the second industrial revolution holds, human creativity in the form of firms’ strategy
is still important to implement Industry 4.0. Several authors affirm that firms adopt
the new technologies because they expect to achieve some specific results in the
areas of manufacturing as of marketing to improve their competitiveness
(Bharadwaj, El Sawy, Pavlou, & Venkatraman, 2013; Kane, Palmer, Phillips,
Kiron, & Buckley, 2015). From this perspective, the adoption requires new knowl-
edge that depends on the business purposes firms aim to achieve. Recent research
shows that firms chose to adopt Industry 4.0 technologies for specific strategic
motivations such as the improvement of efficiency (Bonfanti, Del Giudice, &
Papa, 2018) and productivity (Yao & Lin, 2016) and the reorganization of
manufacturing activities, with the opportunity to have them locally (Müller, Kiel,
& Voigt, 2018). Other main drivers of adoption relate to the achieving of market and
marketing benefits (Coreynen, Matthyssens, & Van Bockhaven, 2017), such as the
improvement of customer service as the product variety (Leeflang, Verhoef,
Dahlström, & Freundt, 2014).

2The digital magazine Quarz reported the words of Ulreich Steindorf https://qz.com/1746152/
adidas-is-shutting-down-its-speedfactories-in-germany-and-the-us/
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2.2 From Data to AI to Enhanced Learning

In May 2017, The Economist dedicated its cover to the big tech giants such as Apple,
Google, Facebook, Microsoft Tesla, and Uber and their dominance of the digital
market. The title of the cover story was symbolically: “The world’s most valuable
resource is no longer oil, but data”.3 Being the article focused on the monopolist
power of such tech giants, data were considered at the base of the success of those
companies. In other words, data are the new scarce resource; the one who has access
to it will dominate the market. Since 2017, this metaphor becomes very popular and
was used by several opinion leaders, like Jaron Lanier,4 to highlight the potential
negative consequences of the use of data by tech giants.

Besides those critical notes on privacy and monopoly, “data as oil” was exten-
sively used in the large consultancy firms to advise companies to invest in data
management to take advantage of the potential of AI. Indeed, the leap forward that
AI did last year is remarkable. In the field of voice recognition, image recognition,
and language translation, the progress of AI is tangible and has led to the deployment
of very powerful service that is at our fingertips. For example, you can easily
translate a text written in a foreign language by simply pointing the camera of the
smartphone over the text. Even more significant are the performances of IBM
Watson and Alpha Go of Google that outperformed their human counterpart at
games like Chess or Go and at the TV quiz Jeopardy. Those results are the outputs
of a powerful combination of new algorithm techniques based on deep learning and
the availability of big data, giant accumulation of data produced by users in the
digital platform like social media, credit card transactions, medical information, etc..

If data is the oil, AI is the modern refinery able to distill knowledge out of the raw
but valuable material. Several technology vendors marketed the (almost) unlimited
potential of the application of AI for solving big human problems like cancer or the
development of new solutions for fighting climate change. That trust on the potential
benefit of the application of AI entered also in the consultancy world that is
sponsoring the development of AI initiatives among manufacturing and service
firms. Although several authors (Tegmark, 2017; Zuboff, 2019) warned about the
potential threats that the extensive use of the AI could have for our society, it is
beyond the scope of this chapter to analyze those possible negative consequences in
detail.

The debate of the potential of AI in elaborating data and producing knowledge is
not new and goes back to the 1980s and 1990s at the time of the application of the
so-called expert systems (Davenport, 2019). Technology is now more powerful and
there is greater availability of data but, as Davenport (2019) admonishes, the
question remains the same: how to make AI solutions at work at the firm level.

3The original article could be reached at this link https://www.economist.com/leaders/2017/05/06/
the-worlds-most-valuable-resource-is-no-longer-oil-but-data
4The Privacy Project was developed by Jerome Lanier for the New York Times https://www.
nytimes.com/interactive/2019/09/23/opinion/data-privacy-jaron-lanier.html
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Most of the solutions now available are conceived not for tailored applications in the
firm but for more general purposes. As Davenport reported, many projects of AI are
facing hard times when they are used in real business processes.

The literature on KM (Pauleen, 2017; Pauleen & Wang, 2017) warned that
gathering bigger data does not necessarily lead to more knowledge because knowl-
edge is the outcome of sense-making and human judgment. As we saw in the
Introduction, the old problem of tacit and explicit knowledge seems to come back
when we try to apply AI and big data into practice. Probably, the oil metaphor is
misleading. The fact the data are relatively abundant, although not distributed
evenly, does not turn necessarily into better solutions as several negative case studies
demonstrated. In her book Hello World: Being Human in the Age of Algorithms,
Hannah Fry (2018) reported many problematic cases in the use of AI such as Steve
Talley’s, an ordinary American citizen mistaken by FBI facial recognition software
for a dangerous bank robber. Steve Talley was brutally arrested, suffered several
injuries (some serious), and spent 2 months in a maximum-security prison and it took
more than a year to be rehabilitated. Another example are AI applications that are
used daily in American courts to decide the amount of punishment based on the
probability of recidivism. It is always the popular jury that decides but hardly
contradicts the algorithm’s response. The result is that black defendants are more
likely to remain in jail because they are considered at greater risk of recidivism. The
problem here is related to the data on which the algorithm is based, which is biased
by the fact that historically in the USA blacks are more arrested than whites. That
disproportion in the starting data is reflected in a higher probability in the calculation
of the recidivism potential.

As the philosopher Luciano Floridi pointed out (2016), we have too much trust in
the intelligence of AI and, on the contrary, we should think that AI is rather a divorce
between intelligence and agency. Floridi’s take on this is that AI machines dramat-
ically increased their capability of an action in the real world, but this is happening
without much contextual intelligence. They can do some tasks, but those tasks need
to be very well defined although the system is not able to adjust to the variations that
the real context of use can have. In other words, complexity needs to be reduced to
let AI thrive and this is not always possible.

Instead of considering AI as a substitution for human intelligence, we should
consider AI as an important tool for sustaining learning at the level of individuals
and organizations. From this perspective, AI can complement human intelligence
and can give us different points of view on events and on decisions to take. They can
multiply alternatives and help us to take better decisions. Humans and algorithms
can live together, helping each other. When this is happening, the results are
remarkable. As Fry (2018) reports, one of the most convincing example of mutual
learning and collaboration is on the judgment of cancer cells. AI helps pathologists
by reducing the number of suspicious areas to be examined and leaving the final
decision to doctors. As Fry says, “The algorithm never gets tired and the pathologist
is rarely wrong. The man-machine collaboration in this case leads to an incredible
level of accuracy of 99.5%!”
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Taking into account this complex and yet to be defined scenario of KM, we aim at
exploring how Industry 4.0 technologies are shaping KM in manufacturing firms, the
motivations of adoption, impacts in terms of product and process innovation, and
knowledge creation within the competitive framework of the firm.

3 Empirical Analysis: Methodology and Results

3.1 Methodology

To reach the research purposes, the study focuses on medium and large Italian
companies named Champions according to the economic and financial performance
criteria of selection defined by ItalyPost—Italian Study Centre (Zovico, 2018). In
particular, from a population of 14,632 companies between 20 and 120 million euros
in turnover 500 were identified that meet, in addition to the turnover range, the
following requirements: (1) CAGR (compound annual growth rate) 2010–2016
higher than 7%; (2) EBITDA average of the last 3 years greater than or equal to
10%; (3) debt ratio lower than or equal to 80%; (4) net debt/EBITDA average of the
last 3 years lower than or equal to 80%; (5) number of employees greater than 20;
and (6) a positive net income 2016. In this way the analysis focuses on a sample of
medium and large firms usually engaged in the knowledge creation and management
processes for the success of business (McAadam & Reird, 2001) with high perfor-
mance that may assure no financial constraints that may negatively affect the
adoption of new technologies (Kamble, Gunasekaran, & Dhone, 2019).

3.2 Measures

For the research objectives, we adopted a mixed method with quantitative and
qualitative analyses. For the quantitative analysis, we carried out a survey submitting
a structured questionnaire through computer-assisted web interview (CAWI) meth-
odology (appropriate for contacting a large sample) to entrepreneurs, chief opera-
tions officers, or managers in charge of manufacturing and technological processes.
The survey was carried out in the period October 2018–March 2019. The question-
naire aimed at assessing some of the enabling technologies that shape the fourth
industrial revolution (Tortorella and Fettermann, 2018), specifically (1) autonomous
robots, (2) additive manufacturing, (3) big data, (4) cloud, (5) artificial intelligence,
(6) augmented reality, and (7) IoT and intelligent products. In addition, we also
evaluated the use of some digital technologies typically by artisans in Italy for the
deployment of a 3D digital model (Bonfanti et al., 2018), such as laser cutting and
3D scanner. Through a yes-no dichotomous measure, we asked respondents if firms
have adopted or not each one of the selected technologies investigated. The choice of
these types of technologies is in line with the Italian Ministry of Economic

Knowledge and Digital Strategies in Manufacturing Firms: The Experience of Top. . . 95



Development regulation that, in 2016, delimited the scope of Industry 4.0 to the new
technologies enabling the advanced manufacturing systems and the cyber-physical
system (see Agostini & Filippini, 2019).

In addition to firm descriptive characteristics and the evaluation of Industry 4.0
and ICT endowment, the questionnaire assessed other strategic variables such as the
motivations of adoption and the impact of new technologies on business results, on
product performance, and on working skills and methods. According to recent
literature (Ancarani, Di Mauro, & Mascali, 2019; Dalenogare et al., 2018; Müller
et al., 2018; Schneider, 2018; Stentoft & Rajkumar, 2019; Whysall, Owtram, &
Brittain, 2019), we considered the most common drivers of adoption as well as the
benefits of the new digital technologies to evaluate the variable before mentioned.
Specifically the motivations of adoption as well as the impact in terms of business
results refer to (1) efficiency and productivity, (2) product diversification and
customization, (3) new marketing opportunities, (4) international competitiveness,
(5) reshoring and backshoring of production activities, (6) customer service,
(7) respond to market requests (customer and standard industry), and (8) the aspect
of environmental sustainability. The motivations of adoption were measured with a
5-point Likert scale (from 1 ¼ not at all to 5 ¼ very much). Instead, the impact of
Industry 4.0 technologies on business was measured through a dichotomous variable
(yes-no).

The impact on terms of product use and development refers to (1) the develop-
ment of product-related services, (2) the role of customer in design and production
processes, and (3) the control over product use and the distribution process. Finally,
with respect to the working changes related to Industry 4.0, we assessed the
modifications in terms of working methods and specifically about the relationships
among the different business areas (production and others principally) and with
suppliers as well as the creation of new knowledge for both product and production
improvements. Impacts on product and on working changes were assessed through a
5-point Likert scale ranging from 1 (not at all) to 5 (very much).

To analyze the importance of all variables with respect to the Industry 4.0 strategy
and explore the relationship with knowledge management, we transformed the
Likert variables in dichotomous variables coding with 1 the highest values of Likert
scale, which are 4 and 5, and considering 0 all the other three values, which are 1, 2,
and 3.

3.3 Sample Descriptive

Through the survey on the 500 Champions companies, we were able to collect
75 questionnaires (15% of the population). Table 1 reports the description of the
sample. Firstly, Champions are international companies characterized by a high
export rate (60.5%), but with production activities and suppliers rooted locally
(same company region and/or Italy). They focus on customized/customizable
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products for the larger part of production output, aiming mainly for product quality
and innovation and production flexibility as competitive factors.

As far as the technology endowment is concerned, both referred to the ICT as to
the Industry 4.0. Figs. 2 and 3 present interesting results. Firstly, Fig. 2 highlights
that companies show a good ICT endowment especially as regards the technologies
for the business and processes management (like ERP, CAD/CAM). The web
environment is restricted to website and social media as not all firms use
e-commerce as a selling platform. Moreover, Fig. 2 shows that Champions are
technological companies as the 79% of the sample already use at least four (median)
ICTs.

Table 1 Descriptive statistics

Turnover 2017 (average; euros) 59.1 million

Employees 2017 (average)

Total 138.4

Production 75.6

R&D 9.5

Marketing 3.7

Export 2017 (average; % on turnover) 60.5% ( first export country: 26.7%)

R&D expenditure 2017 (average; % on turnover) 6.4%

Market

Business-to-business 64%

Business-to-consumer 36%

Production output

Standard products 42.8%

Bespoke products 27.5%

Customized products 29.7%

Production activities location

Same company region 62.7%

Italy 22.4%

Abroad 14.9%

Suppliers’ location

Same company region 31.8%

Italy 45.3%

Abroad 22.9%

Competitive factors

Product quality 31.1%

Product innovation 27.9%

Production flexibility 16.4%

Customer service 11.5%

Production efficiency 4.9%

Design 1.6%

N ¼ 75
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Secondly, as far as the Industry 4.0 technologies are concerned, 81.3% (61 on 75)
of the sample adopted at least one of the new technologies investigated. Figure 3
shows that Champions adopted two main sets of technologies: the technologies
enabling the data management (Cloud, Big data, and IoT) and those technologies
affecting the production processes (innovative and collaborative robots and additive
manufacturing), marginally the rest of other technologies. In addition, Fig. 3 shows
also the intensity of investment in Industry 4.0 technologies. Results stress that
Industry 4.0 is not a “single technology adoption” strategy but a technological
“system” that needs more technologies as already found in the literature (Dalmarco,
Ramalho, Barros, & Soares, 2019; Frank, Dalenogare, & Ayala, 2019). The most
part of sample (70.5%) adopted at least three (median) technologies.

Fig. 2 ICT endowment

Fig. 3 Industry 4.0 adoption
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3.4 Industry 4.0 and KM in Top Performers: Survey Results

To evaluate the role and the value of Industry 4.0 for KM process of companies with
the survey, we aimed to assess some strategic variables in order to define the
relationship between Industry 4.0 and KM. In particular, Table 2 shows the moti-
vation of adoptions and the impacts of new technologies on business listed in terms
of importance.

In addition to the production efficiency (73.5%), which represents one of the first
and most important antecedents of Industry 4.0 implementation (Kiel, Arnold, &
Voigt, 2017), the other most relevant motivation of adoption refers to broader goals:
creating new knowledge through market data and interactions with customers and
other business partners (Smith, Collins, & Clark, 2005). In particular, Champions
adopt the new technologies to improve customer service (74.4%), face the interna-
tional competitiveness (72.3%), and try to exploit new marketing opportunities
(50.0%), in terms of new market and new products development. Effectively,
through Industry 4.0 technologies companies achieved improvements in the produc-
tion (efficiency and productivity, respectively, 76.5% and 67.7%) and market (cus-
tomer service and international competitiveness, respectively, 67.7% and 56.9%)
sphere.

To explore the relationship between Industry 4.0 and KM, we also examined the
impacts of new technologies on product and on working method/skills. Figure 4
shows how the new technologies affect the product offered by companies. Firstly,
Champions use the new technologies to get higher control over product use (45.5%).
In this way, they can get the data useful to improve production and marketing

Table 2 Motivations of adoption and impacts on business

Motivations of adoption
Frequency
(%) Impacts of I4.0 technologies

Frequency
(%)

Improving customer service 74.4 Production costs efficiency 76.5

Production efficiency seeking 73.5 Higher productivity 66.7

Facing international
competitiveness

72.3 Improved customer service 66.7

New marketing opportunities 50.0 Keeping international
competitiveness

56.9

Improving environmental
sustainability

39.0 Increased turnover 43.1

Enhancing product
diversification

32.5 Higher product diversification 22.5

Requests from customers 27.5 New markets development 19.6

Maintaining production in Italy 25.6 Improved customized products
share

19.6

Standard sector upgrading 20.0 Environmental sustainability 19.6

Imitating competitors 9.8 Relocalization of production
activities

3.9

Reshoring-Backshoring 2.7

N ¼61
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performance. Secondly, they use the new technologies to improve product perfor-
mance offering new services (33.3%). The collaboration with customers has a
marginal value with respect to both the design (12.5%) and the production (4.9%)
processes.

The new technologies have also a key role in internal working methods and
relationships along value chain, as well as in job skills and competences (Arnold,
Kiel, & Voigt, 2016; Nagy et al., 2018). As far as the impacts on production
activities are concerned as well as relationships among company departments and
with suppliers, Fig. 5 highlights interesting results for the research purposes.

Results reported in Fig. 6 stress the role of knowledge and its value in the Industry
4.0 paradigm. New knowledge creation for both product (41.9%) and production
(40.9%) activities improvements is the main output the new technologies use and
this depends on data that they are able to generate (Lu & Weng, 2018). The use of
new technologies influences also the upgrading of skills and competences (26.7%)
and the collaboration among the different business areas (25.0%). It is interesting to
see that there is no reduction of human–machine interface (only 2.3%) so that
technologies are not substituting completely workforce. Collaboration with suppliers
has a marginal role in terms of impact of new technologies (11.4%).

Finally, we focused on skills and competences in terms of needs and changes
(Fig. 6). The most important impact on employees’ skills and competences refers to
the technical area (62.0%), even if also administrative and managerial competences
are interested from the Industry 4.0 revolution. These results confirm recent empir-
ical research on the topic (Arnold et al., 2016; Whysall et al., 2019).

In this first exploratory part of the research, in addition to the analysis about
Industry 4.0 adoption and its strategic impacts on business process in order to outline
how the new technologies link to the KM process, we explored the key role of
technologies for knowledge creation described in the theoretical section. Literature
has shown that cloud, big data, IoT, and AI represent a group of Industry 4.0

Fig. 4 Impacts of new technologies on product
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technologies that more than others enable the gathering, storage, and management of
data (Tao, Qi, Liu, & Kusiak, 2018; Xu, Frankwick, & Ramirez, 2016). Within our
sample, Fig. 3 showed that cloud and big data are the most adopted technologies
among those investigated. About 88% (54 on 61) of Champions adopted at least one
of the four “data-driven technologies.” This result stresses the importance of data
management for the competitiveness of larger firms that compete at international
level. Moreover, only 16.4% (10 on 61) of the sample adopted only such “data-
driven” technologies, while most of the Champions invest also in other Industry 4.0
technologies. This result confirms the strong integration among the different tech-
nologies (Muscio & Ciffolilli, 2019).

As shown in Fig. 3, Cloud is the most adopted technology and big data is the
second one. Big data became very important for larger firms because of the necessity
to manage and analyze a remarkable amount of data gathered with the new technol-
ogies in production as well as in marketing and other business areas (Szalavetz,

Fig. 5 Impacts of new technologies on internal and external working activities

Fig. 6 Impacts of Industry 4.0 investments on skills and competences
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2019). Moreover, Champions show a good IoT adoption rate; instead AI is the less
adopted because of its early extensive use for business purposes (Haenlein &
Kaplan, 2019). Performing a correlation analysis to explore the relationships
among these four technologies adopted and how they correlate, it is interesting to
observe (Table 3) that AI is the most correlated technology with the other ones and in
particular with IoT (0.273 p < 0.05) and Cloud (0.224 p < 0.10).

Taking into consideration the adoption rate of these four technologies and the
correlation values, it is interesting to see the growing integration of AI with other
technologies as well as the role of big data as cross-sectional technology. Table 4
explores the Champions’ strategies of investments in those four technologies,
showing that AI investment is related to at least other two technologies, while IoT
is the most integrated technology.

Data show that there is a sort of interdependency among the four data-driven
technologies. Specifically, the integration of data-driven technologies, considering
the sample adoption rate and the correlation among them, may be represented as
shown in Fig. 7.

3.5 Data-Driven Technologies and Knowledge Management
in Top Performers: Case Studies

Following the evidence emerged from quantitative analysis previously presented, we
carried out a qualitative study aiming at understanding the relationship between
Industry 4.0 and KM more deeply. Following recent research on Industry 4.0
(Müller 2019a, 2019b; Szalavetz, 2019; Vanchan, Mulhall, & Bryson, 2018), we
focused the qualitative analysis, through a multiple case studies approach (Yin,
2009), on those companies that adopted mainly AI and other data-driven

Table 3 Correlations among
data-driven technologies
adopted

Cloud Big data IoT AI

Cloud –

Big data �0.026 –

IoT 0.138 0.095 –

AI 0.224� 0.016 0.273� –

N ¼ 1; � p < 0.05; �p < 0.10

Table 4 Data-driven technologies integration

# Data-driven techs adopted Cloud Big data IoT AI

One 11 (28.2%) 9 (25.7%) 2 (9.1%) 0 (0.0%)

Two 15 (38.5) 15 (42.9%) 8 (36.4%) 0 (0.0%)

Three 11 (28.2%) 9 (25.7%) 10 (45.5%) 3 (60.0%)

Four 2 (5.1%) 2 (5.7%) 2 (9.1%) 2 (40.0%)

N 39 (63.9%a) 35 (57.4%a) 22 (36.1%a) 5 (8.2%a)
a% on the overall adopters (61)
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technologies, in addition to the manufacturing-related Industry 4.0 technologies. We
interviewed Chief Operations Officer or R&D managers of selected Champions
companies, adopting AI solutions. Through the interviews with the COO or R&D
managers of the five companies interviewed, we aimed at assessing the impact of
new technologies on KM taking into account the use and the impacts on business
processes and on workforce.

As Table 5 shows, Cloud is the common technology used by all firms
interviewed. Moreover, most of them use data-driven technologies with other

Fig. 7 Integration among
data-driven technologies

Table 5 Champions interviewed

Company Activity

Industry 4.0 technologies adopted

Cloud
Big
data AI IoT Other technologies

1 Production of industrial lubricants x x x Manufacturing
smart systems

2 Customized racing cars x x x • Manufacturing
smart systems
• Additive
manufacturing
• Laser cutting
• 3D Scanner

3 Business systems solutions and
packaging machinery

x x x x

4 Machinery for testing electronic
products

x x x

5 Professional smart kitchen ovens x x x x • Manufacturing
smart systems
• Additive
manufacturing
• Laser cutting
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manufacturing-related technologies. In this way, we were able to explore the role of
data and on knowledge produced by new technologies within both the business and
manufacturing processes.

3.6 Results of Qualitative Analysis

Industry 4.0 investments and specifically data-driven technologies are related to KM
strategies. We found that AI is mainly used to improve production processes as well
as the product use by customers: data acquired—also in relation to IoT—allows the
firm creating new knowledge.

Artificial intelligence is used directly on production plants. It plays a key role on increasing
the quality of the process, which transforms into better performance at the production
level. . . (#1)

Artificial Intelligence enables the centralization of operations management on the packaging
lines and harmonizes the information coming from different sources in order to transform
them from “Raw Data” to “Smart Data” (#3)

The AI is used to acquire data, analyze them and exploit them in order to take decisions
about some autonomous activities. . . For our business the data collected by AI have a very
high value.... . .the autonomous system must take the appropriate decisions on the basis of
information of AI. . . (#4)

Artificial Intelligence is mainly used in Business Intelligence area...the oven records and
measures data that allow us to make diagnostics and maintenance in a predictive way and
creating insights for customers to make the best use of the oven... (#5)

The analysis of interviews highlights the key role of data gathered through AI for
the improvement of business processes through statistical machine learning and a
consequent process of training and fitting models to data. The opportunity of
gathering data through sensors and digitalization helps the firm in making a more
in-depth analysis of the productions processes and use of the product. Those data are
used by AI in order to find new association and a possible course of action that are
validated by the operator or the manager.

In addition to the focus on specific technologies, companies need to reconsider
their digital strategy (Davenport & Mahidhar, 2018). In particular, data become new
knowledge that companies exploit to advance in operations management and deliver
high-quality products on the market. Quality is one of the main competitive factors
for companies as Champions that have a strong presence on the international
markets. In addition to AI, Champions consider all the Industry 4.0 technologies
very important for new knowledge creation.

A company must continuously improve its knowledge and this drives us to invest constantly
in new technologies (#2)
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The oven has sensors that measure a whole series of things, the aggregate data arrive on
Cloud where they are processed and getting insights that we provide to the customers (#5)

The first technology adopted was IoT. Now we are working with other technologies related
to machine learning and deep learning (#5)

The interviews pointed out some interesting insights about how AI and also the
other data-driven technologies enable companies to produce data and new knowl-
edge that became very important for the sustaining of competitive advantage. Data
and then knowledge allow firms improving the quality of production processes as
well as of the product use, with direct consequences for the business growth. Data
management, data analysis, and data mining enable knowledge-based decision-
making processes (Brettel, Friederichsen, Keller, & Rosenberg, 2014). The new
technologies allowed companies to achieve improvements in terms of both produc-
tion quality and market and sales growth, especially by means of a faster new
product development process, time to market response, and new services.

Artificial intelligence is used directly on production plants. . .increasing the stability, quality
and the speed of the process. . .avoiding manual operations. . . (#1)

. . .the main result related to the use of new technologies is a stronger interest in our new
products by our customers and potential customers. . . (#3)

Among the main results there are the increasing of prototyping and development processes
and time to market response. Respect our business model...with the data we can offer
additional services...” (#5)

Moreover, the new technologies allowed companies to improve relationships
with suppliers and customers. In this way, companies were able to advance their
supply chain activities and the customization process, with direct effects on customer
satisfaction.

The introduction of Industry 4.0 technologies has increasingly connected the company with
the suppliers, facilitating their quick feedback ... in the co-design process the technology is
functional to improve collaboration processes, develop new technical ideas, simulate differ-
ent scenarios and share technical experiences from different actors of the development
process (#2)

We deliver on the market customized cognitive solutions and smart software characterized
by self-learning systems, so customers can exploit the continuous learning process . . . (#4)

The philosophy of the company is a very strong vertical integration . . . when there is a new
idea or a new technology we collaborate with the external environment . . . integrating digital
technologies into our processes (#5)

The research also aimed at understanding the relationship between the new
technologies and the changes in terms of skills and competences, to consider how
tacit and codified processes have to be integrated and the consequences in terms of
human resources. The main goal was to verify the role of digital competences that
are necessary for the success of Industry 4.0 implementation (Agostini & Filippini,
2019). The new knowledge (technical and managerial) that employees must have to
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manage data and processes (Butschan, Heidenreich, Weber, & Kraemer, 2019)
becomes essential to compete effectively, being the lack of appropriate competences
and skilled workforce one of the main barriers for the Industry 4.0 adoption (Horváth
& Szabó, 2019). The interviews highlighted the importance of the technology and of
the management (see Sect. 2.1)

Artificial intelligence did not replace the operator but it is mainly a support for their work. . .
Our skills were not sufficient. . .it was necessary to acquire new competences that we did not
have. . .for the use of AI we were assisted by technology suppliers and external
consultants (#1)

The internal skills for the adoption of Industry 4.0 technologies are fundamental both in the
identification phase and in the implementation phase. . . . The company is based fundamen-
tally on research and development and innovation is its essence. To improve knowledge the
culture of trial and error is promoted through the simulation of real phenomena. Moreover,
we are a learning organization that facilitates the dissemination of knowledge and
experiences. (#2)

The main problem in the application of such an advanced technology is the lack of vertical
skills to manage it fully . . . so we needed of training . . . The introduction of AI has certainly
not had a negative impact on number of employees . . . rather we had to hire and are still
hiring new staff with advanced skills related to the AI. Prior investment in the Industry 4.0
allowed the development of a mindset that favours the introduction of more radical innova-
tions as Artificial Intelligence” (#3)

The new technologies shift the centre of gravity of the skills inside a company . . . what the
company had to do was create new know-how, guarantee training courses and create all the
internal infrastructure to manage these types of projects. ... currently the company is looking
for people who can use these innovative technologies . . . the workforce, which in the past
was 99% mechanical engineers, now consists of approximately the same number of
mechanical engineers and other profiles who can exploit the technologies of the future.
We talk in general about Data Scientist . . . the main goal is to develop the digital compe-
tences and the know-how needed to manage the new technologies (#5)

The last verbatim of interviews highlights the key role of new competences for
the successful implementation of AI and other Industry 4.0 technologies. In this case,
the new knowledge is meant as new competences companies need to have inside if
they aim to get the benefits form the implementation of AI and other Industry 4.0
technologies.

More generically, the Industry 4.0 paradigm bases its success on data and
knowledge produced by the use of the new technologies. Companies should look
for ways to incorporate that knowledge in their products and processes, as well as in
a cognitive system able to integrate and share new knowledge created at the wider
organizational level. The results of the analysis suggest the need to create a broader
and better structured KM system related to this new industrial revolution. Then, this
knowledge should be continuously improved and integrated with external partners
and customers. The relationship between Industry 4.0 and KM seems, therefore, to
be a strategic factor that might affect the competitive advantage of companies, more
than what happened with the prior technological waves.
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4 General Discussion and Conclusions

Industry 4.0 is a technological revolution that is shaping manufacturing and is
changing how firms produce the product and how they interact in the value chain
and with the consumer (Schwab, 2017). But as we discussed at the beginning of this
chapter, it also a cognitive revolution. New technologies give the opportunity to
create, store, and share new knowledge that plays an important role in reinforcing
and/or developing firms’ competitive advantage (Lu, 2017).

The results of the research show that firms’ adoption process is more cautious,
incremental, and longer than we could expect. Firms invested in ICT in order to
define a sort of base layer of technological infrastructure on which to develop a more
sophisticated application. From a KM perspective, firms adopted both an extractive
and relational approach. As we saw from the results, firms adopted both ERP and
software dedicated to the knowledge extraction as well as on the website, social
media, and CRM that are dedicated to communication and interaction within and
outside the firm.

The same seems to apply in the case of Industry 4.0. The firms are starting to
invest in the more consolidated technologies available like cloud computing and are
relatively less attracted by not well-established technology like AR or AI. This
approach seems reasonable; firms are still learning how and when to adopt Industry
4.0. Nevertheless, if they have to start, they have to focus on the possibility to gather
more data through cloud computing and big data. The main motivation that pushes
firms to invest is the need for a better understanding of how the product is used by the
consumer and on the production process. If they want to improve their product and
the manufacturing process, firms need to have a clearer understanding of what is
happening within and outside the factory.

In their process of adoption, firms seem to be driven by their business strategy
than by a technological approach. Firms declare to have clearer strategic objectives
that they want to reach like improving customer service, increasing production
efficiency, and international competitiveness. In terms of KM, firms are interested
in knowledge of the product and of the management and less keen on the technology
side. As a matter of fact, they discover the need of knowledge of technology once
they adopt and is remarkable that almost all the firms that invested in the technology
declared the need of improving the technical skills within the company. This
distance from the technological knowledge may explain the prudence with which
they adopt Industry 4.0 solutions. Firms do not know how to use them properly;
therefore, they opt for the ones that are more promising and in line with their
strategic objectives. It is not surprising though that the firms that have already
invested in several Industry 4.0 technologies are the ones which adopted more
sophisticated and complex technologies like AI.

The qualitative analysis underlines the profound cognitive root of Industry 4.0.
The firms that adopted AI are aware of both the new possibilities offered by this
technology in order to analyze data and to propose a course of action and the
importance of the judgment of a knowledgeable operator on the final decision.
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This combination requires an increased amount of knowledge of the product and
production processes (how could the product and process be improved?), of the
management (how the data could be used for the firm?), and of the technology (how
does AI work?). As the case studies pointed out, data are important but without the
judgment of workers are not that useful. Tacit and explicit knowledge are strictly
interconnected even in Industry 4.0 scenario.
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Industry 4.0 and Creative Industries:
Exploring the Relationship Between
Innovative Knowledge Management
Practices and Performance of Innovative
Startups in Italy

Silvia Blasi and Silvia Rita Sedita

Abstract The chapter explores how Industry 4.0 can affect knowledge management
practices and innovation processes of companies operating in the creative industry.
The analysis was carried out on a sample of 179 ICT (information and communica-
tions technologies) startups by administering a questionnaire. Through a cluster
analysis we identify three types of creative, intensive, innovative startups: (1) lag-
gards, (2) regular adopters, and (3) smart adopters. The laggards are characterized by
a low adoption level of 4.0 technologies and a low turnover level; the regular
adopters are the most technological; the smart adopters are the most economically
performing cluster. Through further multivariate statistical elaborations, we charac-
terize the three typologies on the basis of certain attributes, such as type, foundation
year, and break-even point (BEP) reach. The results suggest that the strategic
objective to get a round of financing can be considered the only differentiating factor
in the market of ICT startups in Italy. These results underline the importance of
funding for startups to serve their business objectives. Certainly, funding acts as the
major constituents that support the growth of startups. The increasing level of
competition led us to consider funding essential for matching the standards of the
business world.

1 Introduction

The term Industry 4.0 was introduced for the first time in Germany to define a policy
framework aimed at fortifying the attractiveness of the German manufacture. This
strategic initiative was adopted in November 2011 as part of High-Tech Strategy
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20201 (Acatech, 2013). The goals of Industry 4.0 are to reach a higher working
capacity level as well as a higher level of automatization (Thames & Schaefer,
2016). Industry 4.0 is characterized by a combination of several innovative technol-
ogies that is expected to significantly shift the landscape of the manufacturing
industry. These technologies—advanced robotics, artificial intelligence, sophisti-
cated sensors, cloud computing, and big data analytics—already exist in the
manufacturing industry, but their integration facilitating interconnection and com-
puterization into the traditional industry will transform this sector. The five major
features of Industry 4.0 are (1) digitization, (2) optimization and the customization of
production, (3) automation and adaptation, (4) human–machine interaction (HMI),
and (5) value-added services and businesses and automatic data exchange and
communication. These features are not only highly correlated with Internet technol-
ogies and advanced algorithms, but they also indicate that Industry 4.0 is an
industrial process of value adding and knowledge management (Posada et al.,
2015; Roblek, Meško, & Krapež, 2016).

In this chapter, we will explore how Industry 4.0 can affect knowledge manage-
ment practices and innovation processes of companies operating in the creative
industry. The increasingly sophisticated technological advancements can be used
by creative industries to obtain up-to-date and relevant information based on a
periodic and timely analysis process. Nevertheless, the academic literature does
not reach a consensus about the effect of 4.0 technologies on creative industries.
In this chapter, we focus on ICT (information and communications technologies)
companies. The reason lies in the need to homogenize the sample composed of over
80% ICT startups. ICT industries are, in general, the suppliers of infrastructure,
products, and services to the many ICT-using industries, which can be grouped into
the telecommunications, ICT services, software, and hardware segments (Davis &
Schaefer, 2003). Understanding their uses of 4.0 technologies and how they are
related to their strategic orientation is crucial in order to start thinking about a
technological ecosystem supportive of the 4.0 technologies adoption.

The analysis was carried out on a sample of 179 ICT startups by administering a
questionnaire. A cluster analysis led to the identification of three types of creative,
intensive, innovative startups. The first cluster is characterized by a low adoption
level of 4.0 technologies and a low turnover level at the end of the third year. The
second cluster is the most technical. The third is the most economically performing
cluster. Through further multivariate statistical elaborations, we characterized the
three typologies on the basis of certain attributes, such as type, foundation year, and
break-even point (BEP).

1High-Tech Strategy was presented by the Federal Government in July 2010 and defines a generic
process that needs to be effectively implemented for the targeted growth of the German research and
innovation system.
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2 Theoretical Framework

2.1 Creative Industries

In the recent literature, many studies explore the creative industries’ contributions to
the economy, particularly in terms of employment (Hearn, Bridgstock, Goldsmith, &
Rodgers, 2014; Hesmondhalgh & Baker, 2013; Lazzeretti, Boix, & Capone, 2008),
regional development (Andres & Chapain, 2013; Baum, O’Connor, & Yigitcanlar,
2008; Cooke & Lazzeretti, 2008; Oakley, 2004), and urban dynamics (Comunian,
2011; Landry, 2012; Levent, 2011).

Only recently has the academic literature investigated the role of innovation in
creative industries in more detail. In particular, a group of studies focuses on
innovation activities in creative industries (Galuk, Zen, Bittencourt, Mattos, &
Menezes, 2016; Grimaldi & Grandi, 2005; Jones, Svejenova, Pedersen, & Townley,
2016; Lazzeretti, 2012; Müller, Rammer, & Trüby, 2009; Parkman, Holloway, &
Sebastiao, 2012; Rice, 2002), while some other studies explore the role of creative
industries as a driver of innovation, especially with regard to creative industries’
inputs that may be used in other industries’ innovation processes (Bakhshi &
McVittie, 2009; Bakhshi, McVittie, & Simmie, 2008).

The creative industries are considered one of the most promising fields of
economic activity in highly developed economies, having the potential to contribute
to wealth and job creation. Their activities rest on individual creativity, skill, and
talent. Nevertheless, their main output is intellectual property rather than material
goods or immediately consumed services. Being a cross-sectional industry that
operates with a large number of other sectors as well as public organizations and
consumers, the creative industries profit from different customers and may encour-
age growth in a variety of other sectors by providing creative inputs. The creative
industries may develop and foster innovations as part of their business activities,
directly contributing an innovative output (products, services, technologies). Addi-
tionally, the creative industries support innovation in other industries through crea-
tive inputs (Lampel & Germain, 2016).

The creative industries’ support for innovation in other sectors is strongly related
to the concept of open innovation (Chesbrough, 2003; Enkel, Gassmann, &
Chesbrough, 2009; Gassmann, Enkel, & Chesbrough, 2010; Laursen & Salter,
2006). Successful innovation often requires the combination of a firm’s own inno-
vative resources with external inputs, such as outside knowledge (new technology)
or specialized research and development (R&D) services, to innovations generated
by suppliers, competitors, or customers (Von Hippel, 2007, 2009). The creative
industries, as producers of intellectual property, may be an attractive source of
external knowledge for innovating firms. They offer a diverse variety of creative
products and services, which can be integrated into other businesses’ innovation
processes, within an open knowledge management infrastructure. Furthermore,
specific software can be developed to accomplish the needs of new products or
processes, supporting the collection and diffusion of information useful to increase
the production and marketing performance.
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In the case of ICT companies, knowledge management practices are at the core of
the most successful business models, where access to information from different
sources is an important driver of competitive advantage.

2.2 Creative Industries and Industry 4.0

In this chapter, we explore creative, intensive, innovative startups, focusing on the
digital ones. Specifically, we analyze these companies’ strategic orientation toward
Industry 4.0. Through Industry 4.0 or, in other terms, the “Fourth Industrial Revo-
lution” (FIR), public and private institutions and literature (Edwards & Ramirez,
2016; Hirsch-Kreinsen, Weyer, &Wilkesmann, 2016; Lasi, Fettke, Kemper, Feld, &
Hoffmann, 2014; Lu, 2017) refer to the evolution of the production of goods and
services resulting from the application of new technologies. This transformation’s
key element is the intersection between production, processing processes and flows
of information online (Internet of things, cloud, big data), and devices (sensors,
chips) that communicate independently with one another along the entire value
chain. To make strategically valuable use of 4.0 technologies, it is necessary to
have an awareness of the strategic, organizational, and cultural levers they can
enable. With such consciousness, suitable technologies can be chosen to create
more business leverage and avoid low investment returns.

In recent decades, manufacturing and production systems have been gradually
supplemented by information technology support instruments because controlling
increasingly complex technologies, meeting the demands of multisite production,
and supporting logistic processes have become even more complex tasks. In this
context, ICT companies have come to represent images and expectations of the
future, transforming both working conditions and efficiency (Harris, Wang, &
Wang, 2015; Holtgrewe, 2014; Lyons, 2005). Industrial digitalization is trying to
respond to rapidly changing customer needs: several new product variants expected
by customers lead to a reduction of the product lifecycle. The technology related to
the product’s innovation should be based on the latest development. Nevertheless, a
flexible production technology that can be transformed along with the ever-changing
customer product specifications is required (Herrmann, Schmidt, Kurle, Blume, &
Thiede, 2014). For manufacturing industries, industrial digitalization is leading to
(1) a reduction in inventory, logistics, and material handling costs and (2) shorter
lead times and fewer shortages during shipment (Biegler, Steinwender, Sala, Sihn, &
Rocchi, 2018). Industry 4.0 is crucial for meeting these changing needs. For the
implementation of Industry 4.0, tools that generate data and create big data are
essential (i.e., 3D scanners, cameras, robots) (Zhong et al., 2015).

In Industry 4.0, startups will be able to make a difference. The process that will
lead to automated and interconnected industrial production through the use of
industrial analytics, the Internet of things, 3D printing, and cloud computing
involves different players. An important role is certainly reserved for young inno-
vative companies that can choose to run and offer their products or services
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independently or to become part of an open innovation path carried out by larger
companies through partnerships or agreements. In Italy, the startups’ centrality in the
FIR is also reflected in the government’s plan, which provides a series of measures in
favor of new entrepreneurship: (1) tax deductions, (2) venture capital incentives,
(3) the refinancing of the Central Guarantee Fund, and (4) the facilitation of the
Ministry of Development Economic for small and medium-sized enterprises (SMEs)
and startups. The plan could undergo further changes, but it is significant that it was
designed with consideration of the startup ecosystem’s development.

3 Methodology

A questionnaire was submitted between January 8, 2018, and March 14, 2018,2

aimed at identifying the factors that lead to increasing the performance of innovative
startups in creative industries. In particular, the survey aims to investigate (1) the role
played by the company’s relational network, (2) the company’s main strategic
objectives, and (3) its business model.

The questionnaire is composed of 24 items divided into three parts. The first
section collects data about the company’s principal characteristics (company name;
activity; whether the startup is an independent company, a university spin-off, or a
spin-off from an existing company; year of foundation; number of founders; startup
phase (seed stage, startup stage, growth stage, later stage); number of employees;
turnover; whether the company has reached the BEP and the main reference market).
The second section refers to the principal collaborations, funding source, and 4.0
technologies adoption. Given the creative industries’ growing economic importance,
increased investment in innovation through digital content initiatives is the key to
capturing future national benefits. Nevertheless, technologies have become com-
monplace and ubiquitous in the creative industries, often used as a means to directly
enhance creativity, and in so doing, contribute to the life and culture of society as a
whole as well as to identifying solutions to specific problems or ways to overcome
barriers (Loveless, 2006). The third section explores the firm’s strategic orientation,
reflecting its operational, marketing, and entrepreneurial choice in an effort to
enhance performance and gain a competitive advantage.

The questionnaires were collected through telephone interviews conducted by a
Computer-Assisted Telephone Interview (CATI) service supply company. Starting
with the universe composed of 2914 companies, the company contacted 1397
startups, realizing 219 interviews. The data processing took place through descrip-
tive and multivariate analysis techniques using the statistical software STATA.

2This study is part of the Research University Project 2014 called “Moving knowledge into action:
exploring the micro-foundation of an innovation ecosystem.” It is an explorative analysis about the
cultural and creative startups in Italy.
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The startup types were identified through a hierarchical cluster analysis based on
Ward distance (Everitt, 1979; Johnson, 1967). This made it possible to visualize the
data structure through a dendrogram (or tree diagram), which facilitated the authors’
choice regarding the number of groups to select (3). The cluster analysis is a set of
statistical techniques designed to identify groups of units similar to one another in
relation to a set of characteristics taken into consideration according to a specific
condition. The objective is to combine heterogeneous units in several subsets that
tend to be homogeneous and mutually exhaustive. The statistical units are, in other
words, subdivided into a certain number of groups according to the level of “sim-
ilarity” evaluated, starting from the values that a series of chosen variables assumes
in each unit (Fabbris, 1990).

The classification variables used are the turnover at the end of the third year (euro)
and the frequency of the use of 4.0 technologies, in particular of big data and the
Internet of things.

We used the hierarchical grouping method that refers to the Ward algorithm,
which suggests combining the two groups from whose fusion derives the minimum
possible increase of the deviance “within” the groups at each stage of the aggregation
process.

DEVT ¼
Xp

s¼1

Xn

i¼1
xis � xsð Þ2 ¼

Xn

i¼1

Xp

s¼1
xis � xsð Þ2 ð1Þ

where xs is the mean of the variable s with reference to the whole collective. Given a
partition in g groups, this deviation can be broken down into:

DEVIN ¼
Xg

k¼1

Xp

s¼1

Xni

i¼1
xis � xs,kð Þ2 ð2Þ

That is the deviation within the groups referred to the p variables with reference to
group k, where xs,k is the mean of the variable s with reference to group k.

DEVOUT ¼
Xp

s¼1

Xg

k¼1
xs,k � xsð Þ2nk ð3Þ

which is the deviance between the groups.

DEVT ¼ DEVIN þ DEVOUT ð4Þ

Going from groups k + 1 to k (aggregation), DEVIN increases, while DEVOUT

decreases. The Ward method joined those groups for which there is the least increase
of deviance within the groups.
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4 Sample

The universe is composed of 2914 startups operating in the cultural and creative
industries included in the Italian register of the innovative companies born from
2012 to 2017. The sample includes 219 startups. Table 1 shows the ATECO
distribution. Due to the large number of ICT companies, we decided to homogenize
the sample, focusing on a subsample of 179 ICT companies.

The number of sampled startups per region is not equal; it changes according to
the number of startup companies present in each region (proportional to size
sampling). Table 2 shows the universe, sample, and subsample regional distribution.

Figure 1 illustrates each type of ICT startup for the foundation year. The sub-
sample is predominantly composed of independent companies (85%), followed by
academic spin-offs (8%) and corporate spin-offs (7%). The majority of the startups
were established in the period between 2013 and 2016.

Figure 2 shows, through box plots, the turnover at the end of the first, second, and
third year of activity. Looking at Fig. 2, the long upper whisker means that startup
turnover is varied among the most positive quartile groups. The median thicknesses
for the three groups seem to be different, in particular the median increases during
these 3 years. Some outliers are present in each period. In general, we can see a
positive trend; in fact, turnover grows at the end of each year. However, the main
question remains is to realize when these startups become cash-flow positive? This
question can be answered looking at the moment the startup reaches the BEP, where
a business turns from taking a loss to making a profit. The term is usually used to
describe a startup firm that seeks to reach a point of profitability after an initial period
of losses supported by investors. The BEP is vital to companies because, before this
stage, they cannot focus on expanding their business. Of the sample, 55% have not
yet reached the BEP. At the end of the first year of activity, 17% have reached it, with
another 17% at the end of the second year, 9% at the end of the third year, and 2%
after the third year.

Table 1 Company distribution by ATECO macrosector

ATECO macrosector Total %

Other professional, scientific, and technical activities 11 5.02

Other manufacturing industries 1 0.46

Creative, artistic, and entertainment activities 3 1.37

Architectural and engineering activities; testing and technical analysis 1 0.46

Information service activities and other IT services 30 13.70

Film production, video and television programs, music and sound recordings 4 1.83

Publishing activities 16 7.31

Software production, IT consulting, and related activities 149 68.04

Advertising and market research 1 0.46

Printing and reproduction of recorded media 3 1.37

219
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Table 2 Universe and sample regional distribution

Universe Sample Subsample (ICT)

Region Frequency Percentage Frequency Percentage Frequency Percentage

Abruzzo 52 1.8 2 0.9 2 1.12

Basilicata 22 0.8 – –

Calabria 65 2.2 6 2.7 5 2.79

Campania 208 7.1 8 3.7 6 3.35

Emilia
Romagna

283 9.7 26 11.9 21 11.73

Friuli Venezia
Giulia

49 1.7 4 1.8 3 1.68

Lazio 344 11.8 31 14.2 26 14.53

Liguria 54 1.9 4 1.8 4 2.23

Lombardy 792 27.2 56 25.6 47 26.26

Marche 98 3.4 5 2.3 3 1.68

Molise 9 0.3 – –

Piedmont 155 5.3 12 5.5 10 5.59

Puglia 127 4.4 8 3.7 6 3.35

Sardinia 68 2.3 8 3.7 7 3.91

Sicily 121 4.2 6 2.7 5 2.79

Tuscany 129 4.4 8 3.7 6 3.35

Trentino Alto
Adige

78 2.7 10 4.6 10 5.59

Umbria 37 1.3 7 3.2 6 3.35

Valle D’Aosta 7 0.2 1 0.5

Veneto 216 7.4 17 7.8 12 6.70

Total 2914 100.0 219 100.0 179 100.00

Fig. 1 Startup types and foundation years
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Incubators assist emerging companies by providing support services and assis-
tance in developing their businesses. They offer services structured with the final
purpose of helping entrepreneurs overcome the difficulties they face when starting a
new venture, with the hope of improving startup survival rates (Grimaldi & Grandi,
2005). Incubators differ from technological science parks, which can be defined as
an area that allows an agglomeration of technological activities, leading to positive
externality benefits for individual firms located within the park (Westhead, Batstone,
& Martin, 2000). Almost 60% of the startups have decided to have no support in
their seed stage. 38% passed through a private or public incubator and only the 3%
through a technological science park.

The aim of public and private business incubators and technological parks is to
remove much of the stress and strain from the startup, particularly with respect to
creating the right support environment (Levitsky, 1991). Nevertheless, incubators
and technological science parks (1) offer a fertile field for business (Martin, 1997),
(2) provide and develop credibility for the new firm through admission into its
special established environment and then from positive word of mouth through its
own network and contacts (Rice, 2002), and (3) enhance client interactions that
produce opportunities for business as firms use one another’s services and pass on
contacts (Hamdani, 2006). In Fig. 3, we can notice that 32 startups (18% of the
sample), from those that were born or passed through an incubator or technological
park, have reached the BEP. However, the majority has not yet reached it.

Fig. 2 Turnover at the end of the first, second, and third year of activity
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Figure 4 illustrates the intersection between the support received by startups in the
seed stage and the company’s financial sources. Starting and growing a new business
require considerable financial resources. Besides the normal financial requirements
that any new company faces, an ICT company needs additional money for its R&D

Fig. 3 Intersection between the break-even point and support in the startup seed stage

Fig. 4 Intersection between the supports in the startup seed stage and the company’s financial
sources
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to develop new products and markets. Lack of financial resources is one of the major
problems these companies face (Moore, 1993). From Fig. 4, it is possible to see that
the entrepreneurs’ personal funding is the most common financial source. Public
funding, operating cash flow, and bank loans are used to raise funding.

The type of support the startup received in their seed stage did not influence its
financial sources. Incubators and technological parks do not seem to influence this
area. A better financial strategy is desirable.

5 Laggards, Regular Adopters, and Smart Adopters:
Results from a Cluster Analysis

We performed a cluster analysis in order to classify firms by two relevant dimen-
sions: turnover and 4.0 technologies. We isolated the two 4.0 technologies that can
affect the business of ICT companies: big data and Internet of things. One of the
most fundamental processes in a successful organization is the one involving
transformation of information into knowledge resource. Big data and Internet of
things offer best potential for supporting the aforementioned task.

We therefore consider two variables:

• turnover_3: Turnover at the end of the third year (euro)
• bigIoT_2 ¼ bigdata + internet_things: frequency of the adoption of these two 4.0

technologies

As illustrated in Paragraph 2, Ward’s hierarchical clustering method was applied;
from the analysis of the dendrogram, we identified three groups of companies.
Therefore, the sample of companies is divided into three clusters. Figure 5 represents

Fig. 5 Frequency
distribution of the startups in
three clusters
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the startups’ frequency distribution in 3 clusters. We can see that the first cluster has
23% of the sample, the second has 29%, and the third has 48% (Table 3).

Cluster 1 (laggards) is the least numerous (22 startups) and is characterized by a
turnover at the end of the third year and a frequency of the adoption of big data and
the Internet of things below the total average. Cluster 1 is the least performing
cluster; we can assume that it is composed of startups that have yet to establish
themselves in the market and have a small role compared to their competitors. In
addition, low turnover levels have also limited investments in 4.0 technologies.

Cluster 2 (regular adopters) is the most innovative. It is composed of 27 startups
characterized by a high frequency of the adoption of 4.0 technologies: the minimum
value is equal to the maximum (1). The average turnover at the end of the third year
is just below the total average. The startups in this cluster, therefore, are in a growth
stage, have invested in new technologies, and are gradually establishing themselves
in the market. The extensive adoption of 4.0 technologies represents a cost that will
impact on the economic performance in the long run.

Cluster 3 (smart adopters) is the most numerous (94 startups) and most
performing in terms of average turnover, with an average turnover at the end of
the third year over the total turnover. The same can also be said of the frequency of
the 4.0 technologies adoption, where the cluster average is 0.77 with respect to the
total average, which is equal to 0.74. Startups belonging to this cluster seem more
selective in the choice of 4.0 technologies, adopting only the technologies that are

Table 3 Turnover at the end of the third year (thousand €) and 4.0 technologies adoption into the
three clusters

Turnover_3 bigIoT_2

Cluster 1 Laggards n. 22 22

Min 8.517393 0

Mean 10.04536 0.4545455

Max 11.28979 1

Cluster 2 Regular Adopters n. 27 27

Min 10.59666 1

Mean 11.37491 1

Max 11.73608 1

Cluster 3 Smart Adopters n. 45 45

Min 11.84941 0

Mean 12.48031 0.7777778

Max 14.50866 1

Total n. 94 179

Min 8.517393 0

Mean 11.59292 0.7486034

Max 14.50866 1
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strictly related to an increase of the economic performance. The startups in this
cluster have established themselves in the market as compared to their competitors.

Figure 6 represents the cluster matrix, which shows the positioning of the three
clusters of startups alongside the two dimensions of turnover and 4.0 technologies.

Having identified the three clusters of startups with reference to the segmentation
variables, we will now define the competitive attributes that differentiate and char-
acterize the three groups within the market.

Table 4 illustrates the types of ICT startups for each cluster. We can see that the
three startup types of startups are distributed equally within the sample. Independent
companies are the most numerous, while corporate spin-offs and academic spin-offs
are residual. Looking at the foundation year of the ICT startups for each cluster, we
observe that in Cluster 1 the majority of firms were born in 2014; in Cluster
2 between 2014 and 2015; finally, in Cluster 3 between 2013 and 2014. Therefore,
Cluster 3 collects the oldest startups.

Fig. 6 Cluster matrix

Table 4 Type of the ICT startups for each cluster

Type
Cluster
1 Laggards

Cluster 2 Regular
Adopters

Cluster 3 Smart
Adopters

Corporate spin-off 2 2

Academic spin-off 2 2 3

Independent
company

20 23 40

Total 22 27 45
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Figure 7 shows how many ICT startups for each cluster have reached the BEP.
The majorities are in Cluster 3, where 36 ICT startups have reached the BEP,
followed by Cluster 2 (11 startups) and Cluster 1 (4 startups).

6 Strategic Orientation and Financial Sources by Cluster

However, what is the strategic orientation toward Industry 4.0 of creative, intensive,
innovative startups in Italy? To answer to this question, we did a factor analysis of
the strategic orientation item, and then we used the analysis of variance (ANOVA) as
a comparison method. Table 5 summarizes the variable through which we measured
the strategic orientation. All are dummy variables (0,1).

Table 6 represents the factor analysis of the strategic orientation. As shown, there
are 3 factors:

• Factor 1, which contains the variables “communication development” and
“increase the brand awareness.” We will rename this factor “Sales.”

• Factor 2, which contains the variables “become a member of a cluster/business
ecosystem,” “develop partnerships with other startups in the same sector,” and
“develop partnerships with other startups in another sector.” We will rename this
factor “Collaboration with startups.”

• Factor 3, which contains the variable “get a round of financing.”We will rename
this factor “Financing.”

We then used the ANOVA3 on the identified factors as a comparison method. The
ANOVA method aims to verify the null hypothesis that there are no differences due
to the analysis of treatments result (Testing H0 against H1).

Fig. 7 BEP for each cluster

3An ANOVA is a set of statistical techniques that are part of the inferential statistics that allow two
or more groups of data to be compared by comparing the internal variability in these groups with the
variability between the groups.
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H0 : μ1 ¼ μ2 ¼ . . . ¼ μp

H1 : at least two means are different from each other

Through the ANOVA we worked on the composition of the variance. In partic-
ular, the variance can be distributed in two parts:

• The Variance Between (variance between groups): attributable to the treatment
• The Variance Within (variance within groups): residual within the groups

Table 5 Strategic orientation variables

Variable Description

Stra_employees Rapid growth in terms of number of employees

Stra_turnover Rapid growth in terms of revenues

Stra_clients Rapid growth in terms of number of clients

Stra_profit Profitability growth

Stra_prodev Product/service development

Stra_comm Communication development

Stra_tech Technology development

Stra_brand Increase the brand awareness

Stra_inter Internationalization

Stra_cluster Become a member of a cluster/business ecosystem

Stra_samestartup Develop partnerships with other startups in the same sector

Stra_diffstartup Develop partnerships with other startups in another sector

Stra_round Get a round of financing

Stra_othercoll Other partnerships

Table 6 Factor analysis

Variable
Factor1
(Sales)

Factor2 (Collaboration with
startups)

Factor3
(Financing) Uniqueness

Stra_employees 0.8187

Stra_turnover 0.6056

Stra_clients 0.7089

Stra_profit 0.6483

Stra_prodev 0.6628

Stra_comm 0.5556 0.5411

Stra_tech 0.6968

Stra_brand 0.5761 0.4692

Stra_inter 0.7671

Stra_cluster 0.5371 0.6336

Stra_samestartup 0.6631 0.5261

Stra_diffstartup 0.6500 0.5155

Stra_round 0.5119 0.6710

Stra_othercoll 0.8057
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The total variance ¼ the variance between groups + the residual variance

• The total variance ¼ ∑∑(yik�y)
2/N�1,

• The variance between groups ¼ n ∑(yk�y)2/K�1,
• The residual variance ¼ ∑∑ (yik�yk)

2/N�k,

where N�1 is the total degrees of freedom, K�1 is the degrees of freedom “between
treatment,” and N�k is the degrees of freedom of the residual error.

In conclusion, Table 7 results:
If the null hypothesis is true, the two estimates of variance will have the same

expected value for the population variance, so the ratio between the variance
between the groups and the variance within the groups has the expected value of
1 if the null hypothesis is true; otherwise, it has a value >1.

In general, an F-test is used to compare the variances, making a ratio between the
variance between and the variance within.

Fe ¼ SA= k � 1ð Þ
SR= N � kð Þ ð5Þ

The one-tailed distribution is used, referring to the degrees of freedom for both
previously calculated factors.

If Fe > Ftab, it can be asserted that at least two means are statistically different.
If we want to know which means are different, we use t tests between the pairs of

means. Corrections on the significance level are applied because more comparisons
are made on the same data. In particular, we apply the Bartlett test, the most used test
to verify the equality of the k samples’ variances.

Table 8 suggests accepting the null hypothesis of the equality of means.
Also in this case, we accept the null hypothesis of the equality of means (Tables 9

and 10).
It is interesting to note that the strategic objective to get a round of financing

appears to be a differentiating factor in the ICT startup market in Italy. The most
digital cluster (Cluster 2) shows a value of financing highest with respect to the other
clusters, on average, revealing the importance of this strategic goal for the smart
adopters. The least performing cluster (Cluster 1) has a negative mean. In this case,
the ANOVA test allows us to define that the means are statistically different (F > 1,
with a significance level of 0.0023).

Table 7 Variance analysis output

Source of variation df Sum of square Mean of square

Between treatment k�1 SA SA/(k�1)

Residual error N�k SR SR/(N�k)

Total N�1
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Table 9 ANOVA test on the variable “Collaboration with startups”

Summary of “Collaboration with startups”

Obs. Mean Std. Dev. Min. Max.

Cluster 1 Laggards 22 0.0018768 0.7715301 �0.9909779 1.110508

Cluster 2 Regular Adopters 27 0.1244853 0.8195651 �1.114224 1.219142

Cluster 3 Smart Adopters 45 �0.1122497 0.8325078 �0.9884286 1.414679

Total 179 �3.93e-09 0.7865326 �1.114224 1.414679

Analysis of variance

Source SS df MS F Prob > F

Between groups 0.956563415 2 0.478281707 0.72 0.4896

Within groups 60.459341 91 0.664388363

Total 61.4159044 93 0.660386069

Bartlett’s test for equal variances: chi2(2) ¼ 0.1610 Prob > chi2 ¼ 0.923

Table 10 ANOVA test on the variable “Financing”

Summary of “Financing”

Obs. Mean Std. Dev. Min. Max.

Cluster 1 Laggards 22 �0.2816536 0.696455 �1.796085 0.5834501

Cluster 2 Regular Adopters 27 0.2048704 0.3107339 �0.4349588 0.7387623

Cluster 3 Smart Adopters 45 0.1842414 0.5611623 �1.708918 0.8843403

Total 179 9.78e-10 0.6285498 �1.905015 1.221557

Analysis of variance

Source SS df MS F Prob > F

Between groups 3.78731639 2 1.8936582 6.49 0.0023��
Within groups 26.5522237 91 0.291782678

Total 30.3395401 93 0.326231613

Bartlett’s test for equal variances: chi2(2) ¼ 14.4886 Prob > chi2 ¼ 0.001
**p < 0.05

Table 8 ANOVA test on the “Sales” variable

Summary of “Sales”

Obs. Mean Std. Dev. Min. Max.

Cluster 1 Laggards 22 0.0036342 0.7707505 �1.998741 0.7278792

Cluster 2 Regular Adopters 27 0.2103979 0.6944288 �1.711505 1.034971

Cluster 3 Smart Adopters 45 0.0402858 0.7063084 �1.872306 0.8277286

Total 179 �8.06e-10 0.7439661 �1.999962 1.034971

Analysis of variance

Source SS df MS F Prob > F

Between groups 0.658340008 2 0.329170004 0.64 0.5308

Within groups 46.9635449 91 0.516082911

Total 47.6218849 93 0.512063278

Bartlett’s test for equal variances: chi2(2) ¼ 0.2967 Prob > chi2 ¼ 0.862
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We decided to go more in depth with these results, analyzing which are the
company’s financial sources. The ICT companies could choose between:

• Personal funding
• Friends and family
• Bank loans
• Risk capital (venture/seed capital/business angel/private equity)
• Crowdfunding
• Public funding (local, national)
• Business incubator/accelerator
• Operating cash flow
• Other companies

Figure 8 illustrates the company’s financial sources for each cluster. As shown,
the most common financial source used is personal funding, followed by public
funding and bank loans.

We create a new “funding” variable equal to the sum of the company’s financial
sources used and, as before, we applied the Bartlett’s test on this new variable.
Table 11 summarizes the results.

The ANOVA test allows us to refuse the null hypothesis of the equality of means
according to the Bartlett’s test which, in fact, reveals that the means are statistically
different (F > 1, with a significance level of 0.0083).

We can notice that the laggards (Cluster 1) have the highest mean with respect to
the other clusters. The regular adopters and smart adopters (Clusters 2 and 3) have
similar means. This result can explain why, in Cluster 1, the strategic objective to get
a round of financing has a negative value. As a matter of fact, startups that are willing
to be at the frontier of the technological evolution are more sensitive to the source of
financing. The propensity to invest on innovative and risky technologies is not a
common feature of institutions like banks or public funding. Therefore, the regular
and smart adopters can rely on a smaller portfolio of investors, thus urging to plan
strategically the rounds of financing. The adoption of 4.0 technologies for creative

Fig. 8 Company’s financial sources for each cluster
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industries is for sure an opportunity but at the same time represents a factor that
increases the risk of failure. As well known from the literature and empirical
evidence, innovators are often not supported until the market responds well to
their offer. It is only afterward that investors recognize their value and are prone to
sustain their activities. Consequently, the laggards enter the business created by the
innovators, exploiting a successful path of development, which is created by regular
and smart adopters.

7 Conclusion

This chapter investigates the strategic orientation toward Industry 4.0 of ICT startups
in Italy. The cluster analysis is based on two relevant variables: the turnover at the
end of the third year of activity and the adoption frequency of big data and the
Internet of things. The results highlighted the existence of three clusters that we
labeled laggards, regular adopters, and smart adopters.

The first cluster, the laggards, is characterized by a turnover at the end of the third
year and an adoption frequency of big data and the Internet of things below the total
average. The majority of these startups are born in 2014 and have not reached the BEP.

The second cluster, the regular adopters, is characterized by a high frequency of
4.0 technologies adoption and a turnover at the end of the third year just below the
total average. The startups are born between 2014 and 2015, and almost half have
reached the BEP.

The third cluster, the smart adopters, shows a turnover average at the end of the
third year and an adoption frequency of 4.0 technologies over the total turnover. The
startups are born between 2013 and 2015, and the majority has reached the BEP.

In search of a link between the heterogeneity of startups and their strategic goals,
we discover that the strategic objective to get a round of financing can be considered

Table 11 ANOVA test on the variable “Funding”

Summary of “Funding”

Obs. Mean Std. Dev. Min. Max.

Cluster 1 Laggards 22 3.454545 1.534594 1 7

Cluster 2 Regular Adopters 27 2.555556 1.012739 1 4

Cluster 3 Smart Adopters 45 2.422222 1.287861 1 6

Total 179 2.430168 1.267301 1 7

Analysis of variance

Source SS df MS F Prob > F

Between groups 16.5605846 2 8.28029228 5.05 0.0083��
Within groups 149.09899 91 1.63845044

Total 165.659574 93 1.78128575

Bartlett’s test for equal variances: chi2(2) ¼ 3.9589 Prob > chi2 ¼ 0.138
**p < 0.05
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the only differentiating factor in the market of ICT startups in Italy. The regular
adopters have a larger capacity to attract financial resources, if compared to the
others. The laggards are at disadvantage when trying to receive financial support,
because they are not innovative and cannot guarantee a profitable investment. To
further examine this aspect, we analyzed the financial sources of the startups. The
laggards are the startups that use the largest portfolio of resources, while the regular
and smart adopters have similar values. Investing in 4.0 technologies represents a
great opportunity but also a great challenge for ICT startups, since the uncertainty
linked to the potential benefits of this investments is a barrier for investors. A clearer
view of the advantages of the adoption of 4.0 technologies should be provided, in
order to solicit further uses of the technologies. Concerning the cross-fertilization
between creative and manufacturing industries, we argue that traditional companies
should be more prone to collaborate with ICT companies in order to create the
fruitful environment needed to host and support the implementation of 4.0 technol-
ogies. A systemic view of the adoption of 4.0 technologies could encourage inves-
tors to sustain the development of businesses based on new tools of knowledge
management, such as Internet of things and big data.

These results underline the importance of funding for startups to serve their
business objectives. Certainly, funding acts as the major constituents that support
the growth of startups. The increasing level of competition led us to consider funding
essential for matching the standards of the business world. Therefore, funding
activities improve the standards of business and contribute to business growth by
enhancing the level of startups, according to the highest competition level in the
corporate world, and should be utilized to stabilize startup businesses.

In fact, there are several financial tasks of an organization that need to be
considered and managed. This task arrangement and management can be success-
fully attained when funds have been rightly allocated. This can be considered a
crucial point, as the laggards, even if they received more funding than the regular and
smart adopters, are the least performing and have an investment in 4.0 technologies
below the total average.

Nevertheless, all startups need to ensure that their growth is free of hindrances by
utilizing funding and fundraising programs and reducing personal funding. These
programs, in fact, are aimed at raising and managing a startup’s funds and, for this
reason, should be monitored at regular intervals. In addition, fundraising programs are
intended to remove all the financial blockages from the path of success for startups.
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Coordinating Knowledge Creation: A
Systematic Literature Review
on the Interplay Between Operational
Excellence and Industry 4.0 Technologies

Toloue Miandar, Ambra Galeazzo, and Andrea Furlan

Abstract In the process of creating new knowledge, literature has scarcely studied
how bodies of knowledge arising from different sources should be coordinated to
enhance performance. In particular, the present research focuses on two sources of
newly created knowledge, i.e., operational excellence and Industry 4.0, to under-
stand whether they should be implemented sequentially or simultaneously. Opera-
tional excellence refers to the implementation of practices such as just in time, total
quality management, and Six Sigma that help a firm to create knowledge that
facilitates waste reduction and customer value improvement. Industry 4.0 refers to
the implementation of new technologies such as artificial intelligence, big data,
robotics, Internet of Things, and laser cutting that help a firm to create knowledge
to improve overall business performance. We identified and analyzed 30 papers
published in 13 peer-reviewed journals and conference proceedings in the field of
operations management. Our findings based on the systematic literature review
suggest that the interplay between operational excellence and Industry 4.0 can be
categorized into four groups: (1) Industry 4.0 supports operational excellence;
(2) operational excellence supports Industry 4.0; (3) complementary; and (4) no
interdependence. Majority of the papers under study are in the first category,
suggesting Industry 4.0 technologies as enabler of operational excellence.

1 Introduction

Organizational knowledge has increasingly been recognized as a central element of
competitive advantage (Nonaka & Takeuchi, 1995). New knowledge is created as a
result of a recursive interaction of tacit and explicit knowledge that continuously
goes through four steps: socialization (from tacit to tacit knowledge), externalization
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(from tacit to explicit knowledge), combination (from explicit to explicit knowl-
edge), and internalization (from explicit to tacit knowledge). Past literature has
widely investigated the theory of knowledge creation across different disciplines,
such as marketing, operations management, strategy, and innovation (Li, Huang, &
Tsai, 2009; Linderman, Schroeder, Zaheer, Liedtke, Choo, 2004; Merx-Chermin &
Nijhof, 2005; Moreno-Luzón & Begoña Lloria, 2008). Most of them, however, have
focused on the effects that new knowledge has on a range of organizational pro-
cesses leading to competitive advantage (Li et al., 2009; Tsai & Li, 2007). However,
some scholars call for a better understanding of the process, not only the effects, of
new knowledge creation (Gourlay, 2006).

Indeed, literature shows that the way activities are coordinated has profound
implications on firm’s performance (Barki & Pinsonneault, 2005; Galeazzo, Furlan,
& Vinelli, 2014) and can greatly impact the way these activities are managed as well
as their potential success. This chapter aims at contributing to the knowledge
management literature by shedding some light on how it is possible to combine
together different sources of knowledge. In particular, we focus on two different
sources of knowledge creation: operational excellence and Industry 4.0.

On the one hand, operational excellence creates new knowledge by using a series
of practices to eliminate each form of waste along the value chain. These practices,
also known as lean practices or quality-related practices, increase the stability of
processes by reducing machine setup times, guaranteeing overall equipment effec-
tiveness, and introducing standard work. They also promote ways to create flow by
replacing the push-oriented manufacturing planning and control systems with the
adoption of a pull logic (Demeter & Matyusz, 2011) and to improve quality by
eliminating scraps, defects, and reworks. Finally, these practices involve employees
and increase their responsibilities and competences to sustain continuous improve-
ment over time (Furlan & Vinelli, 2018; Galeazzo, Furlan, & Vinelli, 2017). Some of
these practices are, for example, just in time (JIT), total quality management (TQM),
total productive maintenance (TPM), human resource management (HRM), and Six
Sigma (Galeazzo & Furlan, 2018; Furlan, Dal Pont, & Vinelli, 2011; Schroeder,
Linderman, Liedtke, & Choo, 2008). Literature in operations management suggests
that, as the implementation of these practices completely changes the way operators
perform their jobs (e.g., they have a more in-depth understanding of the production
processes, they are more involved in process improvements, and they collaborate
more tightly with top management and colleagues), there is a strong relationship
between operational excellence and the creation of new knowledge.

On the other hand, Industry 4.0 creates new knowledge because it represents a
technological breakthrough for organizations and creates a paradigmatic change in
the processes of value creation and competition rules. Industry 4.0 applied to
manufacturing activities includes technologies such as additive manufacturing,
advanced automation and advanced human–machine interface, Internet of
Things—IoT, cloud manufacturing. These technologies have the potential to
increase firms’ efficiency and productivity, enabling them to strongly customize
their products by flexibly adapting to the market demand (Holmström, Holweg,
Khajavi, & Partanen, 2016; Roblek, Meško, & Krapež, 2016). Overall, literature on
operations management agrees that technology, including Industry 4.0, allows
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operators to have access and incorporate explicit knowledge as well implicit knowl-
edge as a result of the man–machine interaction. This implies that the interaction of
tacit knowledge and explicit knowledge fosters knowledge creation.

Although literature is clear about the benefits of new technologies and operational
excellence programs in creating new knowledge, the risk for firms is to approach
Industry 4.0 and operational excellence as two separate cycles of knowledge crea-
tion. Firms implementing the two sources of knowledge independently risk reducing
Industry 4.0 technologies to a mere technological investment, introducing new
complexities, and digitalizing waste. Moreover, they risk operational excellence-
related practices underperforming without an adequate technological support. It is
important to combine the new knowledge created by Industry 4.0 and operational
excellence in the most effective way. Thus, the idea that there are different ways to
accrue the benefits of the combination between operational excellence and Industry
4.0 should be explored.

The purpose of this chapter is to provide a clear understanding of the combination
of Industry 4.0 and operational excellence drawing on Thompson (1967)’s research
on task coordination. In particular, there are three possible ways to coordinate
operational excellence and Industry 4.0. First, they may be implemented separately
having in mind that both of them contribute to the process improvement. Second, the
joint implementation may occur sequentially and the main issue is to understand
whether operational excellence should be implemented before or after the new
technologies. Third, operational excellence and Industry 4.0 may be implemented
together. Based on a systematic literature review, we found that only 30 papers deal
with the purpose of this chapter, i.e., understanding the combination of Industry 4.0
and operational excellence. This is mainly due to the fact that research on Industry
4.0 is still at its infancy. Most of these studies argue that the introduction of Industry
4.0 technologies helps firms to exploit the potential of operational excellence (Roy,
Mittag, & Baumeister, 2015; Rüttimann & Stöckli, 2016), thus implying that
Industry 4.0 paves the way to the implementation of operational excellence. Some
studies show that Industry 4.0 technologies need the support of operational excel-
lence to maximize their potential in increasing performances (Khanchanapong et al.,
2014; Rossini, Costa, Tortorella, & Portioli-Staudacher, 2019; Tortorella &
Fettermann, 2018), thus implying that operational excellence paves the way to the
implementation of Industry 4.0. Although contradictory, this evidence would sug-
gest that the implementation of Industry 4.0 and operational excellence is sequential.
Finally, few studies found that Industry 4.0 and operational excellence should be
implemented simultaneously. Overall, these findings result in two important contri-
butions. First, this chapter contributes to the literature on knowledge creation by
providing practical examples of the way two sources of knowledge may be com-
bined together. Second, it contributes to the literature on operations management by
giving a state-of-the-art overview of the relationship between operational excellence
and Industry 4.0.
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2 The Process of Knowledge Creation

Though many researchers have been studying the process of creating knowledge,
Dierkes, Antal, Child, and Nonaka (2003) identified the theory proposed by Nonaka
(1994) as the stemming reference in knowledge creation literature. According to
Google Scholar index, this paper has been cited more than 23,476 times whereas
Scopus counted 320 citations, proving that Nonaka’s theory has received an increas-
ing attention since its publication. It has been described as a “highly respected”
theory (Easterby-Smith & Lyles, 2003) and one of the most influential in knowledge
management literature (Choo & Bontis, 2002). This theory has been applied to
several areas of research as diverse as operations management (Galeazzo & Furlan,
2019; Linderman et al., 2004), innovation (Esterhuizen, Schutte, & Du Toit, 2012;
Subramaniam & Youndt, 2005), human resource management (Droege & Hoobler,
2003), and internationalization strategies (Zahra, Ireland, & Hitt, 2000).

Nonaka (Nonaka, 1994; Nonaka & Takeuchi, 1995; Nonaka, Toyama, & Nagata,
2000) proposed that knowledge is created as a result of a continuous interaction of
the epistemological and ontological dimensions of knowledge. The epistemological
dimensions of knowledge comprise explicit and tacit knowledge. The former is
easily accessible and codifiable because it refers to objective knowledge that is
stored in such forms as documents, spreadsheets, standardized operating procedures,
scientific formulas, and manuals. It is also easily shared among individuals within or
outside the organization. The latter is difficult to classify, it resides in the know-hows
of individuals, and it is linked to personal experience (Nonaka, 1994). The ontolog-
ical dimensions of knowledge are classified as individual and social knowledge.
Individual knowledge resides in individuals whereas social knowledge transcends
individuals and it refers to knowledge that resides within groups, organizations, and
even between organizations. The ontological dimensions represent the way knowl-
edge can be disseminated throughout the different strata of an organization and
transcend progressively beyond the boundaries of the organization.

Nonaka and Takeuchi (1995) depicted the process through which organizational
knowledge is created by using a matrix, sometimes called the SECI model, which
involves four sequential key activities of interaction between tacit and explicit
knowledge: socialization (from tacit to tacit knowledge), externalization (from
tacit to explicit knowledge), combination (from explicit to explicit knowledge),
and internalization (from explicit to tacit knowledge). Through an iterative, spiral-
like process, tacit knowledge is converted into explicit knowledge that, combined
with new explicit knowledge, is finally internalized by the organization. This process
does not stop once the activity of internalization has been performed, but continues
by starting a new knowledge-creating spiral (see Fig. 1).

Socialization is the “process of sharing experiences and thereby creating tacit
knowledge such as shared mental models and technical skills” (Nonaka & Takeuchi,
1995). This activity of knowledge interaction requires that individuals share their
experiences and knowledge without the use of language through imitation, observa-
tion, and practice. Socialization is a time-consuming process because individuals are
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supposed to spend time together, even through frequent physical proximity, and
develop a relationship based on trust and empathy. Therefore, the core aspect of
socialization is experience, as the mere transfer of information does not allow
individuals to connect to each other to incorporate others’ emotions and feelings
and understand the specific context associated with the experience.

Externalization is the process of articulating tacit knowledge into explicit knowl-
edge. “It is a quintessential knowledge creation process in that tacit knowledge
becomes explicit, taking the shapes of metaphors, analogies, concepts, or models”
(Nonaka & Takeuchi, 1995: 837). This activity of knowledge interaction requires
that individuals communicate with one another through dialogue or collective
reflection. In comparison to socialization, where knowledge is shared through
unstructured and loosely defined interactions, externalization is often supported by
structured and formal organizational mechanisms such as meeting and collaborative
work assignments (Nonaka et al., 2000). The core aspects of externalization are
language and symbols because they enable individuals to create mutually under-
standable knowledge. Therefore, externalization allows “the individually held tacit
knowledge concepts to be crystallized and shared with other members, creating new
knowledge” (Byosiere & Luethge, 2004: 246).

Combination is the process of combining different bulks of explicit knowledge.
According to Nonaka and Takeuchi (1995), “reconfiguration of existing information
through sorting, adding, combining, and categorizing of explicit knowledge can lead
to new knowledge” (p. 67). Explicit knowledge is gathered from both inside and
outside the organization and it is then disseminated among the employees of the
organization. The use of technology can support the combination mode of knowl-
edge creation as it facilitates the collection, synthesis, and dissemination of knowl-
edge from different sources and its transformation into outputs such as reports,
documents, and work rules that can be accessed from any part of the organization
(Nonaka et al., 2000). Also the breakdown of knowledge can be considered a
combination process. For example, breaking down corporate strategy into opera-
tional directions for the organization’s functions is a way to create new explicit
knowledge.

Fig. 1 The model of
knowledge creation
(adapted from Nonaka &
Takeuchi, 1995, pp. 57, 62,
71)
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Internalization is the “process of embodying explicit knowledge into tacit knowl-
edge” (Nonaka & Takeuchi, 1995). Through internalization, explicit knowledge
created at the organizational level is internalized by employees, thus becoming
tacit knowledge. Learning by doing, exercises, and training are different modes of
knowledge internalization because they allow individuals to access newly created
organizational knowledge and identify the knowledge important for themselves. “In
practice, internalization relies on two dimensions. First, explicit knowledge has to be
embodied in action and practice. [. . .] Second, there is a process of embodying the
explicit knowledge by using simulations or experiments to trigger learning by doing
processes” (Nonaka & Konno, 1998: 45).

Past research proves that the process of new knowledge creation has a prominent
role in affecting performance and, thus, contributing to develop or sustain the firm’s
competitive advantage because knowledge is associated with innovative and difficult
to imitate ways that enhance value creation for customers (Chang, Hung, & Lin,
2014; Jiang & Li, 2009; Tsai & Li, 2007). These studies mostly focused on assessing
the effects of the combination of different sources of knowledge on performance. For
example, Tsai and Li (2007) demonstrated that the implementation of new venture
strategies triggers the dynamic spiral of knowledge creation that facilitates the
successful execution of these strategies to improve performance. Similarly, Chang
et al. (2014) provided empirical evidence on the positive relationship between
knowledge creation, innovation, and creativity. Specifically, they found that knowl-
edge creation enhances the ability of R&D personnel to develop products that
include characteristics of novelty and that respond to customers’ expectations,
which in turn increases new product success. However, some scholars call for a
better understanding of the process, not only the effects, of new knowledge creation
(Gourlay, 2006). To fill this gap, this chapter investigates how knowledge is created
by focusing on the context of operations management. In particular, the following
sections will explore past literature to highlight the way two cycles of knowledge
creation (new knowledge created by operational excellence and new knowledge
created by Industry 4.0) are combined together.

3 Knowledge Creation in Operational Excellence

Firms are increasingly implementing operational excellence techniques like JIT,
TQM, Six Sigma, and continuous improvement to reduce waste along the processes
and enhance organizational performance. Literature highlights that knowledge cre-
ation and operational excellence are strongly connected. In fact, Deming (1994), one
of the fathers of continuous improvement with his PDCA (Plan-Do-Check-Act)
cycle, said that “best efforts and hard work, not guided by new knowledge, only
dig deeper the pit we are already in” (p. 1). Moreover, Linderman et al. (2004)
argued “organizations can create more knowledge by deploying quality management
practices that support each of the knowledge creation processes (i.e., socialization,
externalization, combination, internalization). Since knowledge creation often leads
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to improvement, effective deployment of quality management should result in a set
of practices that support each of the knowledge creation processes” (pp. 601–602).
Finally, Colurcio (2009) and Sin, Zailani, Iranmanesh, and Ramayah (2015) reported
that there is an iterative interaction between operational excellence and knowledge
creation because, on the one hand, operational excellence implements practices that
facilitate the conversion of tacit knowledge into explicit knowledge to create new
knowledge and, on the other hand, knowledge creation develops mechanisms that
facilitate the adoption of operational excellence.

There are at least two reasons in support of the argument that the use of
operational excellence techniques is strongly associated with knowledge creation.
First, operational excellence aims at developing employees’ systematic problem-
solving behaviors to search for the root causes of problems and prevent errors to
occur again. By adopting systematic problem-solving behaviors, employees contrib-
ute to the change of organizational routines. A routine “is a repetitive, recognizable
pattern of interdependent actions, involving multiple actors” (Feldman & Pentland,
2003: 96) that consists of an ostensive (the schematic form of the routine) and
performative (the actual way the routine is performed by individuals in a specific
place and time) aspect. Furlan, Galeazzo, and Paggiaro (2019) argued that when
employees analyze the causes of a problem, compare different alternatives to
identify the most adequate solution, and, as a result, adopt actions, they modify
the performative pattern of routines. These changes in organizational routines imply
knowledge creation. Indeed, routines store knowledge that is embedded in organi-
zational memory and, therefore, changes in routines modify, update, or revise
existing knowledge. Likewise, Linderman, Schroeder, and Sanders (2010), drawing
on the case study method, showed how Six Sigma enables knowledge creation. This
study suggested that Six Sigma techniques enable employees to ask for the right
questions and that, by getting the answers to the right questions, they created new
knowledge. Moreover, newly created knowledge is shared among employees
through organizational mechanisms such as meetings, teamwork, and standardized
practices that, in turn, positively affect systematic problem-solving behaviors
(Galeazzo & Furlan, 2019). It is therefore confirmed that systematic problem-solving
behaviors, one of the most relevant micro-foundational elements of operational
excellence, trigger activities of knowledge interaction and vice versa, thus reminding
the knowledge creation process depicted by Nonaka and Takeuchi (1995).

Second, operational excellence fosters learning behaviors that, as an outcome,
lead to the creation of new knowledge. Fine (1986) conducted one of the first
researches on the relationship between quality improvement and learning. He
found that the quality-based learning curve decreases manufacturing costs over
time. This finding suggests that quality-based experience creates a better understand-
ing of cost reduction. The author also found that cost reductions only depend on
quality-based learning and not on other types of learning (i.e., autonomous learning
and induced learning). The importance of learning behaviors that arise from the
adoption of operational excellence is confirmed by Choo, Linderman, and Schroeder
(2007). They showed that the adherence to structured methods linked to Six Sigma
positively influences learning behaviors because structured methods define how to
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gather and process information in the most effective way. The development of
learning behaviors, in turn, influences how information is interpreted and understood
and it also shapes employees’ thinking process, thus positively affecting knowledge
creation. Moreover, Arumugam, Antony, and Kumar (2013) empirically demon-
strated that operational excellence provides technical support to leaders for coordi-
nating activities that foster learning in teams through the coordination of activities
that transform individual knowledge into team-level knowledge that, as a result,
enhances performance improvements. Therefore, literature shows evidence on the
importance of operational excellence in generating new knowledge by promoting
learning at individual, team, and organizational level that enables to reach the
expected performance objectives, thus starting a new virtuous cycle of operational
excellence, learning, and knowledge creation.

4 Knowledge Creation in Industry 4.0 Technologies

Technology is crucial to the success of any organization. Past literature on knowl-
edge management has shown evidence of the relationship between technology and
knowledge creation. In their paper focusing on the model of knowledge creation,
Nonaka, Umemoto, and Senoo (1996) argued that “every business organization that
wants to prosper in the knowledge society should fuse synergistically IT [i.e.,
technology] as knowledge-creation tools and human beings with collaborative
knowledge creation capabilities to become a ‘knowledge-creating company’”
(p. 217). Technology improves the efficacy of knowledge-based processes as it
gives access to knowledge, fosters knowledge sharing, facilitates collaboration
among employees, enables the articulation and codification of knowledge, speeds
up innovation processes, creates opportunities to combine different competencies
and capabilities (e.g., using virtual environments), etc. (Arora & Gambardella, 1994;
Santos, 2003; Vaccaro, Veloso, & Brusoni, 2009). Therefore, it is suggested that
technology is a means through which knowledge creation flows.

The positive relationship between technology and knowledge creation is likely to
be stronger in the era of Industry 4.0. The recent exponential development of
Industry 4.0 technologies applied to manufacturing activities (i.e., additive
manufacturing, advanced automation and advanced human–machine interface,
Internet of Things—IoT, cloud manufacturing) leads technology to build a system
of information and telecommunication technologies and industrial technologies that
is more integrated and enables the operations function to become more information-
led, digital, and responsive to customers compared to the past (Lee, Bagheri, & Kao,
2015). Industry 4.0 also changes the human–machine interaction because machines
become increasingly autonomous and operators assume more responsibility, mean-
ing their tasks are less related to mindless jobs. Instead, operators are asked to deal
with a wide range of information that needs to be analyzed and take on the role of
problem solvers to approach more complex problems (Gorecky, Schmitt, Loskyll, &
Zühlke, 2014). Therefore, Industry 4.0 develops highly intelligent and
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interconnected factories in which highly skilled workers operate, suggesting there is
an increasing opportunity for implementing cycles of new knowledge creation.

For a better understanding of the positive relationship between Industry 4.0 and
knowledge creation, examples on the use of Internet of Things and artificial intelli-
gence are provided. Related to IoT, this technology enables objects to upload data
previously sensed into a central processing facility that, in turn, instructs objects to
take actions, responding intelligently to changes in the environment. Hence, it
provides information on productive assets and enables workers to quickly make
adjustments in the most effective way in order to optimize production performance
(Freedman, 2017). Compared to traditional factories in which sensors and devices
have limited intelligence, the use of IoT ensures a more tight connection between
physical and digital elements, a better communication and knowledge sharing, and
decentralized decision-making processes. Thus, IoT enables two activities related to
new knowledge creation: on the one hand, the transformation of tacit knowledge,
embedded in objects, into explicit knowledge, embedded in information processing
facilities, and, on the other hand, the internalization of explicit knowledge into tacit
knowledge because workers have responsibility to make decisions based on the
knowledge arisen from IoT technologies. Related to AR (augmented reality), this is a
set of technologies that overlays digital data and images on the physical world,
transforming volumes of data and analytics into images or animations. For example,
wearable AR devices such as head-mounted displays or smart glasses allow workers
to overlay digital information on real objects or environments (Porter &
Heppelmann, 2017). Using wearable AR, they have easy access to instructions
and detailed content about specific objects, materials, machines, or problems and,
at the same time, they capture information and store them in the company’s servers.
This means that AR allows workers to process the physical and digital world
simultaneously, rapidly and accurately absorbing information, making decisions,
and executing required tasks quickly and efficiently. Thus, AR enables three activ-
ities of knowledge creation: first, it supports the externalization of tacit knowledge
into explicit knowledge by allowing workers to integrate their personal knowledge
with knowledge coming from digital data; second, it facilitates the combination of
different chunks of explicit knowledge encompassed in the physical and digital
world; and third, it promotes the internalization of explicit knowledge into tacit
knowledge because workershave responsibility to make decisions.

5 The Coordination of Knowledge Creation

The implementation of operational excellence-related practices requires a coordi-
nated set of work activities eventually performed by operators with the use of some
tools and/or machineries. The implementation of digital technologies also requires
that a coordinated set of work activities are performed. As seen in previous sections,
both operational excellence and digital technologies use knowledge and generate
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additional knowledge. The main objective for the firm is to manage the work flows
related to operational excellence and Industry 4.0 in order to assimilate and possibly
combine the knowledge created by these two work flows in the most effective way to
improve performance. In order to reach this objective, how to coordinate knowledge
management emerges as a central topic that needs investigation. Knowledge coor-
dination is defined as the management of interdependencies among work activities
(Holsapple & Joshi, 2000). Therefore, it is important to understand the types of
interdependencies between work activities.

Organizational literature and, in particular, theories on organization design have
defined task interdependence in different ways (Galbraith, 1977; Hickson, Pugh, &
Pheysey, 1969; Shea & Guzzo, 1987; Thompson, 1967; Van de Ven, Delbecq, &
Koenig Jr, 1976). For example, Johnson and Johnson (1989) have distinguished task
interdependence from resource interdependence, which is defined as the extent to
which operators have to share the necessary resources. Shea and Guzzo (1987)
argued that operators exercise discretion over task interdependencies that are viewed
as an attribute of the operator. Other scholars (e.g., Van Der Vegt, Emans, & Van De
Vliert, 2000, 2001) distinguished between goal interdependence and task
interdependence. They stated that task interdependence depends on the way organi-
zations design jobs and roles, thus affecting the division of information, materials, or
expertise among operators. The degree of task interdependence typically increases as
jobs become more complex and operators require others in order to reach the desired
outcomes. For example, sales representatives operate almost independently from one
another, whereas surgeons need great assistance from others to perform surgical
operations. However, only Thompson (1967) explained how tasks can be designed
to be executed at different levels of interdependence.

Thompson (1967) identified three patterns of task interdependence, each
corresponding to a different degree of coordination between parts. Pooled
interdependence is defined as a situation in which there is absence of workflow
between parts. Each part acquires independent inputs and produces independent
outputs that contribute to the whole organization. This implies that “each part
renders a discrete contribution to the whole and each is supported by the whole”
(p. 54). In this case, each part performs activities separately and in any order, without
any exchange between parts. The second form of interdependence is defined as
sequential interdependence, representing the situation in which each part’s outputs
are the inputs of another part, and similarly, the inputs that one part uses are the
outputs from another part. This type of interdependence requires that parts perform
activities in a specified sequence, implying there is an asymmetric exchange between
parts. Finally, reciprocal interdependence represents a bidirectional exchange of
inputs and outputs between parts, meaning that the activities performed by each
part poses “contingency for the other” (p. 55).

The greater the interdependence, the more organizational decision-making is
constrained through commitments, rules, and obligations, thus requiring higher
coordination. With pooled interdependence, tasks are performed autonomously
and coordination is achieved by standardization. This requires the implementation
of routines and rules that define how and when each task should be performed and
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resources should be shared, thus minimizing the need for communication and
decision-making among operators. With sequential interdependence, tasks are
performed in sequence and coordination is achieved by plan. This implies the
adoption of schedules for governing the workflow among operators. With reciprocal
interdependence, multiple tasks are performed simultaneously and are strongly
interconnected. In this case, coordination is achieved by mutual adjustment. Oper-
ators must continuously communicate with each other and give feedback in order to
make adjustment whenever the expected objective becomes difficult to achieve.

Some scholars provided evidence of the existence of these types of task interde-
pendencies in different areas of research. For example, Galeazzo et al. (2014) drew
on case studies on pollution prevention to demonstrate that lean practices and
environmental practices can be implemented either sequentially or reciprocally.
Compared to a sequential interdependence, a reciprocal interdependence of lean
and green practices leads to higher operational performance. Krishnan, Martin, and
Noorderhaven (2006) used a survey on international strategic alliances operating in
India in order to investigate the relationship between inter-organizational trust and
performance when partners share tasks at different levels. They found that alliances
benefit more from trust when partners show reciprocal interdependence rather than
pooled or sequential interdependence. Gully, Incalcaterra, Joshi, and Beaubien
(2002) studied the moderating effect of task interdependence on the relationship
between team efficacy (i.e., a team’s belief on its ability to successfully perform a
specific task), potency (i.e., a team’s belief on its ability to successfully perform any
type of task), and performance. Their results indicated that team efficacy is more
related to performance if task interdependence is high (reciprocal interdependence),
whereas task interdependence did not moderate the relationship between potency
and performance. Finally, Baumler (1971) provided evidence of the need to combine
each type of interdependence with the respective coordination mode. For example,
he showed that impersonal methods such as rules and routines were more frequently
used with low task interdependence, and less frequently with high interdependence.

However, most areas of research have not highlighted the nature of task interde-
pendencies between work flows related to different cycles of knowledge creation. To
address this theoretical gap, this chapter focuses on the knowledge created by
operational excellence and Industry 4.0 technologies. Understanding task
interdependence in this context is particularly important because it is not clear
whether firms implementing the two sources of knowledge independently may
accrue higher or lower benefits than firms implementing operational excellence
and Industry 4.0 simultaneously. Therefore, the purpose of this chapter is to review
past studies related to both operational excellence and Industry 4.0 and examine
them using the theoretical lens of Thompson (1967)’s research on task coordination.
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6 Methodology

We have adopted a structured approach to the literature search and analysis in order
to synthesize the results from previous research in the field. Given the large number
of papers published about Industry 4.0 in the last few years, we deemed it necessary
to adopt a systematic approach to identify and analyze the contributions that focused
explicitly on operational excellence. Despite the large number of papers published
on the emerging topic of Industry 4.0, there are few papers and specifically literature
reviews addressing the interplay between operational excellence and Industry 4.0
technologies. Following Tranfield, Denyer, and Smart (2003), the key steps in a
systematic review include the planning phase, the undertaking of the review, and
reporting and dissemination. In order to address our research question, we conduct a
systematic literature review identifying current state of academic research and
contributions of the field (e.g., Schulze & Bals, 2018; Tranfield et al., 2003). This
literature review systematically analyzes existing literature, examining publications
on Industry 4.0 and operational excellence published in English, peer-reviewed
journals and conference papers listed in the Scopus database. There is a lot of
information in conferences especially on such emerging topics that are not published
in journals yet; therefore, we included conference papers in our systematic literature
review. The Scopus database was used because of its broader coverage. The litera-
ture review has been conducted in business, management, and accounting journals.
The keywords that were used for searching in article title, abstract, and keywords
fields were categorized into three groups:

• Industry 4.0/intelligent manufacturing/smart manufacturing
• Internet of Things/IoT/big data/artificial intelligence/AI/additive manufacturing/

3D printing/cloud computing/collaborative robotics/augmented reality/virtual
reality

• Lean management/lean manufacturing/lean thinking/operational excellence/six
sigma/quality improvement/just in time/JIT/continuous improvement/total qual-
ity management/TQM/Kaizen.

Different combinations of these three groups were used to search for in the past
literature in order to ensure that as many relevant articles as possible would be
included. We tracked the papers until June 2019 when we conducted the search
process.

The first stage of the search process generated 374 papers. The titles and abstracts
of the papers within this initial sample were then checked manually for overall
relevance. We removed duplicates and papers that were purely technical (e.g., about
operational techniques in manufacturing) resulting in 60 potentially relevant papers.
The relevant screening process of content of the papers, within the scope of
relationship between operational excellence and Industry 4.0 technologies, further
reduced the list to 30 relevant papers. We ended up (Fig. 2) with the 30 relevant
papers from journals and conferences (Table 1) in the field that form the basis of our
systematic literature review.
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Table 1 shows the journals in which we identified relevant research papers and
number of relevant papers in every journal. Highest number of papers is published in
International Journal of Production Research, which is mainly reporting production
and manufacturing research. Papers from conference proceedings are from Interna-
tional Conference of Industrial Engineering and Engineering Management, Interna-
tional Conference on Industrial Technology and Management, International
Conference of Business Informatics Research, etc.

6.1 Data Analysis and Coding

We built an Excel database that contains data for all 30 papers. This step was the
starting point in conducting the analysis presented in the next section. Regular
meetings of three researchers to evaluate and finalize the analysis followed the
coding. We commenced the analysis of the papers by examining methodology and
year of publication.

We categorized the papers based on their focus into 4 groups: (1) Industry 4.0
supports lean manufacturing; (2) lean manufacturing supports Industry 4.0;

Filter 1

Combination of  

keywords       

(374  papers)

Filter 2 

(60 papers) overall 

relevance 

based on title & 

abstract

Filter 3

(30 papers)  based 

on content

Fig. 2 Systematic literature review process

Table 1 Journals and number
of papers identified for the
final inclusion stage

International Journal of Production Research 10

Conference paper 8

Business Process Management Journal 1

Central European Business Review 1

IEEE Engineering Management Review 1

International Journal of Product Development 1

International Journal of Quality and Service Sciences 1

Journal of Cleaner Production 1

Journal of Industrial Engineering and Management 1

Journal of Manufacturing Technology Management 1

Journal of the Operational Research Society 1

Systems Research and Behavioral Science 1

Technovation 1

Total Quality Management and Business Excellence 1
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(3) complementary; and (4) no interdependence. Overall, our aim was to explore the
relationship between Industry 4.0 and operational excellence.

7 Findings

In the following section, we provide a general overview of the results of the analysis
as the basis for understanding the research approaches that have been applied in the
field.

7.1 Number of Papers by Publication Year

Figure 3 shows that there is an increase in the number of papers regarding this topic,
especially in the last few years. It is an emerging topic and together with published
papers there are 8 relevant conference papers in the last few years. In our list there are
a couple of papers published before the emergence of Industry 4.0 in literature,
which were focused on specific technologies such as artificial intelligence (AI) and
RFID (Brintrup, Ranasinghe, & McFarlane, 2010; Proudlove, Vadera, & Kobbacy,
1998).

7.2 Relationship Between Lean Manufacturing
and Industry 4.0

Based on the focus of every paper, we tried to extract any kind of relationship they
have addressed between Industry 4.0 and lean manufacturing. Accordingly we

Fig. 3 Number of papers by publication year
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allocated the papers under study into 4 categories; the first category refers to Industry
4.0 technologies as enabler of lean manufacturing, the second category refers to lean
manufacturing lessons as enabler of Industry 4.0 improvement, the third category
refers to simultaneous implementation of Industry 4.0 and lean manufacturing, and
the fourth category is where importance of both Industry 4.0 technologies and lean
manufacturing in order to achieve operational excellence has been acknowledged;
however, there is no interdependence between the two. Table 2 shows the number of
papers addressing each category.

We find the following for each of the four categories of papers; all papers under
study in every category have been listed in Table 3.

1. Industry 4.0 supports lean manufacturing category is mainly regarding Industry
4.0 technologies that are supporting lean manufacturing. For example, RFID-
enabled real-time traceability enhances the implementation of advanced strategies
such as just-in-time (JIT) lean (Huang, Qu, Zhang, & Yang, 2012). RFID
technology is viewed as a vehicle to achieve leaner manufacturing through
automated data collection, assurance of data dependencies, and improvements
in production and inventory visibility (Brintrup et al., 2010). AI technology based
on big data is expected to promote the widespread use of quality management
(Hyun Park, Seon Shin, Hyun Park, & Lee, 2017). Table 3 shows the list of
journal and conference papers included in this category.

2. Lean manufacturing supports Industry 4.0 category refers to papers such as
Martinez (2019) stating Industry 4.0 is the next step after lean or other process
improvement approaches. According to Beard-Gunter, Ellis, and Found (2019),
there are positive implications merging good games design and TQM in socio-
technic systems, which could improve engagement and quality in companies
implementing in Industry 4.0.

3. Complementary meaning both lean management and Industry 4.0 support the
objectives of operational excellence and they are stronger when being
implemented together. Lean production practices are positively associated with
Industry 4.0 technologies and their concurrent implementation leads to larger
performance improvements (Tortorella, de Castro Fettermann, Frank, &
Marodin, 2018). Not only can Industry 4.0 and lean thinking coexist but their
integration can also provide benefits and opportunities (Demartini & Tonelli,
2018). Industry 4.0 needs to be understood as digitally enabled lean. Industry 4.0
solutions can enhance operational excellence, but they can also improve
eco-efficiency (Szalavetz, 2017). The interaction between Industry 4.0 and lean
manufacturing needs to be considered as two sides of operational excellence
because the former’s purpose is speeding up flows of information and the latter’s

Table 2 Number of papers
addressing each category of
relationship between Industry
4.0 and lean manufacturing

Category Papers

Industry 4.0 supports lean manufacturing 14

Complementary 8

No interdependence 5

Lean manufacturing supports industry 4.0 3
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Table 3 List of papers included in each of the four categories of relationship between lean
manufacturing and Industry 4.0

Category Author(s) Focus

Industry 4.0 sup-
ports lean
manufacturing

Urbinati, Bogers, Chiesa,
and Frattini (2019)

Quality management can be facilitated
thanks to the quality records collected from
the manufacturing processes

Makhanya, Nel, and Pre-
torius (2018)—Conference
paper

In benchmarking QM maturity traditional
approach has reached the end of its lifespan,
big data and impact of Industry 4.0 to be
further investigated

Bertoncel, Erenda, Bach,
Roblek, Meško (2018)

Digitalization helps to detect early warning
systems at smart factory, which is relevant to
lean manufacturing

Trotta and Garengo
(2018)—Conference paper

“Committing into Industry 4.0 makes a fac-
tory lean besides being smart,” while Indus-
try 4.0 is being seen as the possibility to
implement the lean automation in the
factories

Vogelsang, Packmohr,
Liere-Netheler, and Hoppe
(2018)—Conference paper

Industry 4.0 became part of the strategic ori-
entation. Digital integration eases quality
management and leads to higher demands

Lugert, Batz, and Winkler
(2018)

In general users appreciate a combination of
lean methods and solutions of Industry 4.0.
This paper provides a current evaluation of
the VSM from an exploratory perspective

Hyun Park et al. (2017) AI supports the development and production
of a high-quality product. AI technology
based on big data is expected to promote the
widespread use of QM

Foidl and Felderer
(2015)—Conference paper

Industry 4.0 provides promising opportuni-
ties for quality management Explore research
challenges of Industry 4.0 for providing
promising opportunities for QM

Sanders, Elangeswaran,
and Wulfsberg (2016)

Industry 4.0 is indeed capable of
implementing lean; committing into Industry
4.0 makes a factory lean besides being smart

Liu, Leat, Moizer,
Megicks, and Kasturiratne
(2013)

A knowledge system for lean supply chain
management (KSLSCM) has been developed
using artificial intelligence system shells
VisiRule and Flex

Huang et al. (2012) RFID-enabled real-time traceability
enhances the implementation of advanced
strategies such as just-in-time (JIT) lean

Zhang, Ong, and Nee
(2011)

RFID in augmented reality environment—
Aiming at providing just-in-time information
rendering

Brintrup et al. (2010) RFID technology is viewed as a vehicle to
achieve leaner manufacturing through auto-
mated data collection, assurance of data

(continued)
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Table 3 (continued)

Category Author(s) Focus

dependencies, and improvements in produc-
tion and inventory visibility.

Proudlove et al. (1998) As a part of the LR: Contribution of AI
techniques to both product or service quality
management issues, and maintenance
management

Lean manufactur-
ing supports Indus-
try 4.0

Beard-Gunter et al. (2019) There are positive implications merging
good games design and TQM in socio-
technic systems which could improve
engagement and quality in companies
implementing in Industry 4.0

Martinez (2019) Industry 4.0 is the next step after lean or
other process improvement approaches. It is
about having the system coordinated

Basios and Loucopoulos
(2017)—Conference paper

The large amounts of data, especially in light
of Industry 4.0, need to be organized so that
organization can understand what insights
they need in order to take strategic and
operational decisions. In order to achieve that
Six Sigma DMAIC Enhanced with Capabil-
ity Modelling approach has been introduced

Complementary Ren et al. (2019) It has been estimated that the combination of
big data analytics and lean management
could be worth tens of billions of dollars, in
improved profits for large manufacturers

Tortorella and Fettermann
(2018)

Lean production practices are positively
associated with Industry 4.0 technologies
and their concurrent implementation leads to
larger performance improvements

Buer, Strandhagen, and
Chan (2018)

Industry 4.0 supports lean manufacturing
through “Hard” practices, which refers to the
technical and analytical practices used in lean
like value stream mapping (VSM) and 3D
printing

Demartini and Tonelli
(2018)—Conference paper

Not only can Industry 4.0 and lean thinking
coexist but their integration can also provide
benefits and opportunities

Dallasega (2018) Reorganization is required, preferably
through lean management principles. Indus-
try 4.0 concepts can support and foster the
reorganization of processes. Variety of
Industry 4.0 concepts to address these prob-
lems. For example, RFID technology allows
gathering information about the construction
supply chain (CSC) process in real time
allowing for rapid response to unpredictable
events

(continued)
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goal is eliminating waste to accelerate physical flows (Moeuf, Pellerin, Lamouri,
Tamayo-Giraldo, Barbaray, 2018).

4. No interdependence category of papers is mainly literature reviews of the field,
which do not necessarily focus on the relationship between Industry 4.0 and
operational excellence; however, they touch upon both topics. For example, Yin,
Stecke, and Li (2018) presented potential applications of lean principles for

Table 3 (continued)

Category Author(s) Focus

Szalavetz (2017) Industry 4.0 needs to be understood as digi-
tally enabled lean. Industry 4.0 solutions can
enhance operational excellence but they can
also improve eco-efficiency, namely in the
field of quality management (through smart
production control, data analytics, and pre-
dictive modelling solutions); process opti-
mization (through capacity planning and
production scheduling solutions); and prod-
uct and process engineering (through
advanced virtual technologies).

Eleftheriadis and
Myklebust (2016)—Con-
ference paper

Understanding best practices through TQM
methods toward zero defect manufacturing.
Then, thanks to the implemented sensors and
monitoring systems, it is possible to provide
a detailed documentation of any event
occurred during the process named as
Industry 4.0 or CPS

No
interdependence

Hannola, Richter, Richter,
and Stocker (2018)

This paper proposes a conceptual framework
for empowering workers in industrial pro-
duction environments with digitally facili-
tated knowledge management processes

Yin et al. (2018) The evolution of production systems from
Industry 2.0 through Industry 4.0. Potential
applications of lean principles for Industry
4.0 are presented

Melnyk, Flynn, and
Awaysheh (2018)

The best of times and the worst of times in
operations and supply chain management
(OSM)

Chang and Yeh (2018) About Industry 4.0 and the need for talent
companies need talent in the areas of lean
management, the Internet of Things (IoT),
cloud computing, and big data

Leyh, Martin, and Schäffer
(2017)—Conference paper

Lean management/lean production principles
are not often addressed in Industry 4.0
models. Despite the fact that those aspects
are often seen as the basis for Industry 4.0
implementation this is not integrated in the
respective models nor is it discussed in con-
nection with these models
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Industry 4.0 in the evolution of production systems from Industry 2.0 through
Industry 4.0. Leyh et al. (2017) analyze Industry 4.0 models with focus on lean
production aspects.

7.3 Research Method

Figure 4 shows that the most frequent methods are literature review (LR), systematic
literature review (SLR), and conceptual studies (with 16 papers). For example, the
study by Hannola et al. (2018) identifies logical conclusions on empowering pro-
duction workers with digitally facilitated knowledge processes in the form of a
conceptual framework. More specifically, the study links current concepts,
presenting new perceptions and expansion of the existing view (Gilson & Goldberg,
2015; Hannola et al., 2018), followed by case studies (with 8 papers). For example,
Dallasega (2018) has collaborated with different engineers in order for supplier
companies to optimize their processes using Industry 4.0 concepts; some of the
practices are outlined in the study.

Studies such as Szalavetz (2017) demonstrate the beneficial impact of advanced
manufacturing technologies on firm’s environmental performance, drawing on inter-
views conducted with 16 Hungarian manufacturing subsidiaries. Tortorella and
Fettermann (2018) used data from a survey carried out with 110 Brazilian companies
to examine the relationship between lean production practices and the implementa-
tion of Industry 4.0. As for the modelling methodology, Basios and Loucopoulos
(2017) propose an approach referred to as Six Sigma DMAIC Enhanced with
Capability Modelling approach, for which requirements can be considered from an
operational and strategic perspective.

Furthermore, we analyze how studies have used different methods. Figure 5
shows the relations between categories of studies and applied methodologies. It is
clear from our SLR that the most common methodology used in the papers under
study is LR/SLR or conceptual method.

Fig. 4 Number of papers
based on the method of
research
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8 Conclusion

This chapter links together literature on knowledge creation (Nonaka, 1994) and task
coordination (Thompson, 1967) to examine how the new knowledge stemming from
Industry 4.0 and operational excellence is coordinated. According to the literature,
new knowledge is created as a result of the recursive interaction of tacit and explicit
knowledge that moves through the steps of socialization, externalization, combina-
tion, and internalization. When the recursive interaction of tacit and explicit knowl-
edge involves multiple sources of knowledge such as Industry 4.0 and operational
excellence, it is also important to take into consideration how these different sources
of knowledge are coordinated. In particular, based on Thompson (1967), there are
three possible ways of coordinating Industry 4.0 and operational excellence. First,
they may be implemented separately. Second, Industry 4.0 and operational excel-
lence may be implemented sequentially and the main issue is to understand whether
operational excellence should be implemented before or after new technologies.
Third, operational excellence and Industry 4.0 may be implemented together. Liter-
ature shows that the way activities are coordinated has profound implications on
firm’s performance (Barki & Pinsonneault, 2005; Galeazzo et al., 2014) and can
greatly impact the way these activities are managed as well as their potential success.
To investigate how operational excellence and Industry 4.0 are coordinated, we
collect information on past studies focusing on both Industry 4.0 and operational
excellence and approach them using the theoretical lens of knowledge creation
(Nonaka, 1994) and task coordination (Thompson, 1967).

Our findings draw on a systematic literature review on 374 papers. After an
accurate screening of these papers, only 30 were identified as relevant. We can
assume that very few studies have focused on both operational excellence and
Industry 4.0 literature, thus suggesting a lack of knowledge on this topic. Almost
one-third of the papers under study are conference papers; we believe this is due to

Fig. 5 Categories of papers and applied methodologies
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the emergence and increasing demand of Industry 4.0 topic in academia. Also as
shown in Fig. 2 we observe increasing number of publications throughout the past
few years, which shows that the interplay between operational excellence and
Industry 4.0 is an emerging area. Majority of the papers under study are LR/SLR
and conceptual; this finding calls for more empirical research in order to investigate
different types of relationship between operational excellence and Industry 4.0.

The main finding of the present SLR shows that operational excellence and
Industry 4.0 can be coordinated in different ways. Based on Thompson (1967)’s
categorization of task coordination, we identified four categories. The first category
includes papers arguing that Industry 4.0 supports operational excellence, implying
Industry 4.0 technologies enable operational excellence. The second category
includes papers arguing that operational excellence supports Industry 4.0, implying
operational excellence enables the implementation of Industry 4.0 technologies.
Both these categories suggest that Industry 4.0 and operational excellence should
be coordinated sequentially because, as Thompson (1967) highlights, tasks have a
sequential interdependence, representing the situation in which each part’s outputs
are the inputs of another part, and similarly, the inputs that one part uses are the
outputs from another part. This type of interdependence requires that parts perform
activities in a specified sequence, implying there is an asymmetric exchange between
parts. The third category includes papers arguing that Industry 4.0 and operational
excellence complement each other, thus implying their coordination occurs simul-
taneously. This is in line with Thompson (1967) maintaining that the simultaneous
coordination is associated with reciprocal interdependence between tasks. Recipro-
cal interdependence represents a bidirectional exchange of inputs and outputs
between parts, meaning that the activities performed by each part pose “contingency
for the other” (p. 55). The fourth category includes papers arguing that, though their
relevance is well acknowledged, there is no interdependence between Industry 4.0
and operational excellence. This category is closer to pooled interdependence.
Pooled interdependence is defined as a situation in which there is absence of
workflow between parts. Each part acquires independent inputs and produces inde-
pendent outputs that contribute to the whole organization. This implies that “each
part renders a discrete contribution to the whole and each is supported by the whole”
(p. 54). In this case, each part performs activities separately and in any order, without
any exchange between parts. Among the four categories, our literature review shows
that most of the papers are in the first category, i.e., Industry 4.0 supports operational
excellence, suggesting there is a sequential interdependence between operational
excellence and Industry 4.0. However, based on these findings, we cannot rule out
that the other three categories are not appropriate to describe the way knowledge
created by operational excellence and Industry 4.0 is coordinated because of the few
papers in our sample.

Finally, our findings highlight that not all Industry 4.0 technologies would
support all operational excellence practices and vice versa. For example, Huang
et al. (2012) and Zhang et al. (2011) view RFID technology as enabler in providing
just-in-time information rendering and real-time traceability. In a study by Brintrup
et al. (2010) RFID technology is viewed as a vehicle to achieve operational
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excellence through automated data collection, assurance of data dependencies, and
improvements in production and inventory visibility. Lugert et al. (2018) state that
users appreciate a combination of operational excellence-related practices and solu-
tions of Industry 4.0 and that experts request further development of the value stream
mapping (VSM); the paper provides a current evaluation of the VSM from an
exploratory perspective. Hyun Park et al. (2017) state that artificial intelligence
(AI) supports the development and production of high-quality products and that
AI technology based on big data is expected to promote the widespread use of
quality management.

Future studies should further investigate the relationship between operational
excellence and Industry 4.0 in future studies to provide support to our main findings.
Another future avenue of research is to investigate the circumstances in which these
interdependences work.
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Achieving Circular Economy Via
the Adoption of Industry 4.0 Technologies:
A Knowledge Management Perspective

Valentina De Marchi and Eleonora Di Maria

Abstract The chapter discusses the relationship between knowledge management,
circular economy strategies and investments in Industry 4.0 technologies. Based on
an empirical analysis of about 200 Italian manufacturing firms adopting such
technologies, the chapter maps the knowledge implications of adoption comparing
firms that achieved and did not achieved sustainability results, with a special focus
on circular economy. Results highlight that environmental sustainability is often an
unexpected, non-planned result of the adoption, and that sustainability outcomes
entail more often the adoption of robotics and augmented reality technologies.
Interestingly, adoption resulting in sustainability outcomes is more likely when the
technology is adopted in the production process. Stronger intra-firm collaboration
and engagement with customers is also more likely to take place for green adopter.
Few differences emerge if comparing circular with eco-efficiency-oriented
outcomes.

1 Introduction

Firms are increasingly challenged to transform their activities and products in order
to ensure they are taking responsibility of the environmental impacts. There is
growing attention on how digital technologies and specifically technologies related
to the so-called Industry 4.0 may impact on the environmental sustainability of firms
and on the opportunity to achieve goals related to the circular economy framework
(Beatriz et al., 2018). More specifically, those new technologies can expect to
support the implementation of circular economy (CE), conceived as a “a regenera-
tive system in which resource input and waste, emission, and energy leakage are
minimised by slowing, closing, and narrowing material and energy loops. This can
be achieved through long-lasting design, maintenance, repair, reuse,
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remanufacturing, refurbishing, and recycling” (Geissdoerfer, Savaget, Bocken, &
Hultink, 2017, p. 759). But is this connection feasible?

Industry 4.0 technologies shape manufacturing processes and push forward the
possibility to develop smart factories and smart products, enhancing efficiency and
better control within the factory and the entire value chain (Roblek, Meško, &
Krapež, 2016). Recent studies (Cezarino, Liboni, Oliveira Stefanelli, Oliveira, &
Stocco, 2019) highlight the interdependence between digitalization and circularity
within the firm and the value chains. According to the review of those authors,
Industry 4.0 technologies sustain both efficiency and flexibility, allowing also the
firm to have better resource allocation and control over the processes both within and
outside its boundaries. Prior studies have suggested that Industry 4.0 technologies
are valuable tools for the implementation of circular economy in terms of new
business models (Despeisse et al., 2017), new product development, and customer
involvement and value chain reconfiguration (Hazen, Mollenkopf, & Wang, 2017;
Unruh, 2015). In this view, there are also the premises for the firm to increase its
knowledge on how resources are used and which are the dynamics of flows of
resources and products both upstream and downstream (Tseng, Tan, Chiu, Chien, &
Kuo, 2018).

In this chapter, we aim at further exploring the link between 4.0 technologies and
circularity, discussing if and to what extent Industry 4.0 technologies can enhance
knowledge acquisition as well as support the firm in better managing such knowl-
edge for sustainability purposes. This goal is particularly useful as within the circular
economy discussion a remarkable dimension is represented by how to possibly
measure the “circularity” at the different levels and to develop a shared set of
indicators useful to capture the implementation of circular economy, its impacts on
the environment, and the related economic dimensions (Moraga et al., 2019; Saidani,
Yannou, Leroy, Cluzel, & Kendall, 2019). In this perspective, Industry 4.0 technol-
ogies may sustain this knowledge creation and transfer through a set of tools (i.e.,
sensors, IoT) and processes (i.e., additive manufacturing). However, little theoretical
and empirical evidence has been developed so far on this issue through the lenses of
knowledge management.

Based on an empirical analysis of about 200 Italian adopting firms in selected
manufacturing industries, in this chapter we investigate the relationship between
circular economy strategies of firms and the investments in Industry 4.0 solutions
from a knowledge management point of view. In particular, the chapter analyzes the
implications of knowledge management for the circular economy framework and the
opportunities and challenges related to Industry 4.0 technologies in this scenario.
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2 Circular Economy in a Knowledge
Management Framework

2.1 Environmental Innovation and Knowledge Sourcing

In order to take into account the environmental consequences of their production,
firms introduce sustainability-oriented innovations, by focusing on a better or
diverse input selection and use or by investing in order to reduce product impacts
at the end of its life (i.e., through product modularity) (Jay & Gerard, 2015). A vast
literature has studied these innovations, highlighting that they are peculiar in the
(positive environmental) externalities they can produce but also, and possibly most
interestingly, in the way the new products and processes are developed (Bansal &
Grewatsch, 2019; Cainelli, De Marchi, & Grandinetti, 2015).

In particular, literature on environmental innovations highlights the need for firms
to develop collaborations with external partners in order to effectively introduce
green innovations. Starting from the knowledge management perspectives,
researchers pointed out that a single firm, alone, is not able or might not find
convenient to develop or exploit all the required resources to transform its products
and processes toward sustainability (De Marchi & Grandinetti, 2013). Interestingly,
cooperation for innovation has been found to be more relevant for R&D
environmental-related innovation than for non-environmental ones. Pittaway, Rob-
ertson, Munir, Denyer, and Neely (2004) highlight that through cooperation firms
benefit in terms of innovation capacity. Such strategic approach is also useful in case
of firms with strong internal innovation capacities—i.e., large R&D investments—
since the firm exploits connections with other partners—from suppliers to universi-
ties or other KIBS—to speed up knowledge acquisition or reduce costs and risks.

According to the literature, several actors can be supportive of eco-innovation at
firms (Cainelli et al., 2015), supporting innovation trajectories, and sustain firm’s
capabilities related to green goals. As far as upstream partners are concerned,
specialized suppliers might provide key knowledge to the firm in terms of selected
material or components, in addition to positive green practices such as just-in-time
solutions and the like (De Marchi & Di Maria, 2019). On the other hand, they are
also the sources of inputs and components, stressing the interdependence among
actors within the value chain to achieve more extended sustainability results
(Seuring & Müller, 2008).

In addition to upstream knowledge transfer, also downstream partners can
become important sources of knowledge concerning product as well as process
development (Cervellon & Wernerfelt, 2012; Darnall, Jolley, & Handfield, 2008;
Mylan, Geels, Gee, McMeekin, & Foster, 2015) both if we consider final consumers
but also, and possibly more interestingly, if we take into account retailers or other
business-to-business customers. As far as the final consumers are concerned, cus-
tomers may provide the firm with knowledge inputs in terms of product durability,
context of use, and performance, signaling eventually problems, within the increas-
ing shift in the demand side toward greener consumption habits. At the same time,
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customers can ask for knowledge from the firm in terms of traceability of the
products and information on their sourcing (Lacy & Rutqvist, 2016). This may
depend on their difficulties in evaluating the level of sustainability of products and
the potential advantages related to their potentially green buying behaviors
(Devinney, Auger, & Eckhardt, 2010). Also the role of buyers in pushing sustain-
ability is widely described in the literature (De Marchi, Di Maria, Krishnan, & Ponte,
2019; De Marchi, Di Maria, & Ponte, 2013). Those business actors may transfer to
the firm knowledge concerning market requests as well as further support sup-
pliers—as discussed above—in their sustainability sourcing processes.

2.2 Collaborations for the Circular Economy

Within the broad debate related to sustainability, recent contributions refer to CE as a
new economic paradigm, which substitutes the linear mechanism of “make, use,
dispose” with a closed-loop approach in the use of resources. According to this
emerging framework, the entire value chain of the firm – from suppliers to final
customers—as well as the whole business (and natural) ecosystem can benefit from
an integrated approach on the production, selection, and use of resources as inputs as
well as outputs (products) (Geissdoerfer et al., 2017; Ghisellini, Cialani, & Ulgiati,
2016; Webster & MacArthur, 2017). CE challenges innovation processes of
environmental-oriented firms in the direction of lower use of resources or waste-
based inputs. In this direction, it extends the supply base beyond the established
suppliers, to also involve new ones based on potential new inputs coming from waste
or reuse practices (Lacy & Rutqvist, 2016; Webster & MacArthur, 2017). Moreover,
CE emphasizes efficient manufacturing processes in terms of leakage avoidance but
also shortening supply chains (i.e., distributed manufacturing processes).

Recent studies suggest that CE can be interpreted both as “a holistic concept and
operational tool” (de Jesus, Antunes, Santos, & Mendonça, 2019, p. 1494). In this
sense, CE can be understood as a transformative approach toward eco-innovation,
which combines both hard (i.e., R&D-driven products) and soft (i.e., business
models) types of knowledge. In other words, CE entails the introduction of innova-
tions, which can be considered as a subgroup of eco-innovations (Horbach &
Rammer, 2019).

According to Geissdoerfer et al. (2017) the CE concept relies on multiple
theoretical schools and with respect to sustainability CE emerges as a framework
strongly oriented to the better use of resources, reducing waste and environmental
leakages. In this respect, it generates more complexity due to its intrinsic systemic
nature. Among the five fundamental traits of CE identified by the Ellen MacArthur
Foundation, we can stress the need “to think in systems” suggesting the request of
exploring and understanding the rich set of interdependencies existing among
multiple layers of the manufacturing activity and beyond, since “components are
considered in connection to their economic, operational, environmental, and social
impacts and contexts” (Esposito, Tse, & Soufani, 2018, p. 9). Beyond the material
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management issue (from inputs, to manufacturing up to waste management)—
tightly coupled with innovation processes—CE also includes innovation in terms
of value creation through new business models connected to emerging CE strategies
(Hopkinson, Zils, Hawkins, & Roper, 2018; Lacy & Rutqvist, 2016; Ünal & Shao,
2018). Cainelli et al. (2015) argue that complexity and the systemic dimension are
among the “causes” of a specific trait of eco-innovations, which drives the higher
need for cooperation with external partners. Considering that CE innovations have
those characteristics that create differences with respect to traditional but also of eco-
efficient-related innovations, we can infer that the firm implementing CE innova-
tions needs to rely on external sources of knowledge.

This argument is supported by recent studies. Brown, Bocken, and Balkenende
(2019) clearly map the drivers and barriers for collaboration within the circular-
oriented innovation. According to those authors, the challenges the new emerging
CE framework is posing – related to a new systemic approach that includes product
design, circular manufacturing processes, as well as CE recovery strategies (Bocken,
de Pauw, Bakker, & van der Grinten, 2016)—ask for new knowledge management
strategies. In fact, circular-oriented firms (and innovators) have to expand their
sources of knowledge and networks to cope with such a technical, economic, and
social complexity.

3 Circular Economy and the Opportunities Related
to Industry 4.0

The development and implementation of CE strategies have to take into account the
emerging new digital technological scenario. There is a growing body of literature
from both the sustainability perspective and the digital perspective that suggests the
need to exploit the convergence between CE and industry 4.0 technologies (Beatriz
et al., 2018; Rajput & Singh, 2019), as such technologies have the potential to enable
higher circular economy results. Industry 4.0 technologies open interesting oppor-
tunities to sustain environmental sustainability taking into account inputs, process,
and product management within the value chains (Stock & Seliger, 2016), consid-
ering the need of lower use of resources as inputs, reduced waste generation, or
pollution consequences during production or consumption activities (Chen et al.,
2015; Yeo, Pepin, & Yang, 2017). Such a link has been postulated considering
different types of technologies.

Recent research published in a special issue on California Management Review
explores (mainly theoretically) the process of leveraging 3D printing for circularity.
3D printing allows better use of resources within the firm, producing what is needed
where and when it is needed (Despeisse et al., 2017; Unruh, 2018). From this point
of view, customers become sources of knowledge to provide the firms with inputs on
the products they desire as well as on the product requirements to be developed.
They may also become active parts in the manufacturing processes themselves. This
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trend is linked to the rise of new types of customers that are also makers, that is they
exploit digital technologies and specifically 3D printing to invest in product
manufacturing at home (Anderson, 2012). Firms can leverage on such customers’
skills and competence to include them into circular processes (Bressanelli,
Adrodegari, Perona, & Saccani, 2018).

Besides 3D printing, new technological solutions related to big data, artificial
intelligence, and IoT solutions for improved and extended information gathering and
management increase firm’s control over internal as well as external processes and
relationships with actors of the value chain and consumers (Ellen MacArthur
Foundation, 2019; Huberty, 2015; Rajput & Singh, 2019). From this perspective,
smart, connected products support knowledge gathering from customers (Porter &
Heppelmann, 2015), and they offer the opportunity to enhance product lifecycle and
augment value embedded into the product through additional services (product-as-a-
service) (Coreynen, Matthyssens, & Van Bockhaven, 2017).

More broadly, Industry 4.0 technologies related to cyber-physical systems, IoT,
and cloud computing can generate benefits from a circular economy point of view
since they allow design for circularity based on the information gathered from
customers as well as through the whole production process (de Sousa Jabbour,
Jabbour, Foropon, & Filho, 2018). Within the factory, those sets of technologies
might drive cleaner production in terms of better control over resource management
(machines may become new knowledge sources through remote monitoring, in
addition to workers). Additionally, it might support mass production and new
customization opportunities. Moreover, they may allow suppliers being included
in the loop by exchanging knowledge concerning sourcing performance, quality, and
input characteristics.

In a CE framework, where the attention for measuring is high, data-driven
strategies may be of particular relevance to support firms in the achievement of
greater CE results (Tseng et al., 2018) through a deeper understanding of use of
resources and their dynamics within the value chain (across time and space) based on
distributed knowledge sources.

While there is increasing attention toward such issues, very few studies have
empirically verified if and to what extent such technologies are enablers of CE
outcomes. Based on the abovementioned theoretical premises and via data from an
original survey, we are interested in investigating if, and under what circumstances,
the adoption of industry 4.0 technological solutions can lead to improved environ-
mental outcomes.

4 Empirical Analysis

4.1 Data and Empirical Setting

In order to answer our research questions, we carried out a survey in the period May–
December 2017. The survey addressed firms located in the North of Italy. The choice
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is due to the relevance they have for the Italian gross domestic product (GDP) and for
the national competitiveness in the international markets. The universe consisted of
7714 manufacturing firms drawn from AIDA database selected in the industry
considered (namely automotive, rubber and plastics, electronic appliances, lightning,
furniture, eyewear, jewelry, and sport equipment) (i.e., the Made in Italy sectors) and
with a turnover higher than one Million Euro (in industries characterized by the
presence of industrial districts,1 firms with a turnover lower than one Million Euro
have been also considered).

Based on a structured questionnaire submitted through CAWI methodology to
entrepreneurs, chief operations officers, or managers in charge for manufacturing
and technological processes, firms have been contacted and 1229 firms (15.3% of the
universe) answered to the survey. The questionnaire assessed the adoption of the
following technologies: (1) robotics, (2) additive manufacturing, (3) IoT and intel-
ligent products, (4) big data and cloud, (5) scanner 3D, and (6) augmented reality.
Non-adopting firms were asked about reasons for such a choice; adopters were asked
about how and why such technologies have been adopted, what the results achieved,
and which difficulties encountered.

4.2 Measuring Adoption and Circularity

Besides other types of details related to Industry 4.0 technological investment
strategies, the questionnaire collects several useful information to assess the sustain-
ability effects achieved thanks to the adoption of Industry 4.0 technologies. We used
this question to build a variable that allows us identifying the so-called CE adopters
and to distinguish them both from firms that did not achieve any sustainability results
(non-green) and from those that achieved sustainability outcomes that are not related
to CE but that rather implement an eco-efficient approach (eco-efficiency)
(Geissdoerfer et al., 2017).

Companies were specifically asked to rate, on a scale from 1 to 5, if the
introduction of Industry 4.0 technologies drove any environmental sustainability
impact, considering each of the following aspects:

1. Reduction of production waste;
2. Reduction of inputs used (including energy, materials);
3. Reduction of process-related environmental impacts (e.g., on air or water);
4. Adoption of more sustainable inputs (e.g., recycled or recyclable materials);
5. Use of firm’s waste in the production process;
6. Use of waste coming from other sectors/firms as inputs.

The variable GREEN ADOPTERS is a dummy taking value 1 if the company
reports that the adoption of Industry 4.0 technologies resulted in a strong (4) or very

1Lightning, eyewear, jewelry, and sport equipment.

Achieving Circular Economy Via the Adoption of Industry 4.0 Technologies: A. . . 169



strong (5) reduction in any of the 6 elements reported. ECO-EFFICIENCY takes on
value 1 if firms reported a strong or very strong impact as for the point from 1 to
3. CIRCULAR equals 1 if companies reported a strong or very strong impact as for
any of the elements of the above list ranging from 4 to 6. The two variables do not
overlap: in case a firm had reported both eco-efficiency and CE outcomes, we
classified it as CE.

In the following, we report results of the multivariate analysis of variance
(chi-square test and t-tests) to investigate the relationship between Industry 4.0
technologies adoption and the reduction of environmental burden of firms’ activity,
comparing adopters that reported important sustainability outcomes (GREEN
ADOPTERS) with those that did not, distinguishing between firms that achieved
CE outcomes from those that achieved just eco-efficiency-related outcomes.

4.3 Sustainability Strategies and Outcomes

A first question addressed regards the fact if the achievement of sustainability-related
outcomes of the adoption has been intended or unintended. To this purpose, we use a
question asking firms about the motivation of the adoption of 4.0 s, rating, on a scale
from 1 (null) to 5 (very much), the importance of 11 items as motivations to invest in
4.0 s, including environmental sustainability.2 The dummy GREEN DRIVER takes
values 1 if the company reported that environmental sustainability was a very (4) or
very much (5) relevant motivation for the introduction of 4.0 s. Results are reported
in Table 1.

One firm out of four (27.3%) among those part of our sample reported that
sustainability concerns have been among the key drivers supporting their investment
in Industry 4.0 technologies. This result stresses how such technologies can support
explicit environmental sustainability strategies carried out by firms, where digital
transformation of business activities and processes is perceived as a means for
sustainability. Interestingly, the share of companies that achieved important envi-
ronmental benefits following Industry 4.0 technologies adoption is almost double
(41.7%). While just one-fourth of the companies had a clear sustainability strategy
before introducing 4.0 technologies, a much larger share did recognize such an
opportunity following their introduction. This is an important result since it suggests
that environmental benefits can be considered a sort of “by-product” of the invest-
ment in Industry 4.0 technologies, where such technologies enable firms to also gain
from an environmental point of view through technological investments motivated
by other reasons (the main one is related to better customer service). Moreover, it

2The full list of items include the following: (1) efficiency of internal processes, (2) increase product
variety, (3) opening new market opportunities, (4) maintain production in Italy, (5) reshoring,
(6) maintain international competitiveness, (7) imitation of competitors, (8) increase customer
service, (9) to respond to request by large buyers, (10) to adapt to an industry standard, and
(11) environmental sustainability.
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could push these firms to further pursue green strategies with a more proactive
behavior (Bianchi & Noci, 1998).

Table 1 also reports the co-occurrence of GREEN ADOPTERS and GREEN
DRIVER: while the share of companies that failed to reach their sustainability goal is
quite small (8.3%), 18.9% of the companies realized important environmental
benefits that was not initially planned, or, better yet, was not the principal driver
for the introduction of Industry 4.0 technologies. The results of the Pearson
chi-square test suggest that we can reject hypothesis H0, that is a significant relation
between the two dummies considered does not exist.

4.4 Investments in Industry 4.0 Technologies
and Sustainability Outcomes

Under the umbrella term Industry 4.0 technologies there is a broad array of technol-
ogies, which require different investments levels, are adopted in different value chain
activities, and might provide different outcomes. Therefore, we are interested in
understanding which of the technologies considered are better supportive of sustain-
ability results and in particular to CE ones. Table 2 reports the number and the share
of companies adopting the seven types of Industry 4.0 technologies listed, consid-
ering the sustainability impact achieved thanks to the adoption of 4.0 s.

Robotics, big data, and additive manufacturing are by far the most adopted
technologies in the sample, but their diffusion across the different groups of firms
considered in this chapter is quite different.3 While those three technologies are the
most adopted in all of them, indeed, the relative share of firms that did adopt them
varies significantly. As supported by the Pearson chi-square tests, GREEN
ADOPTERS show a significantly high degree of adoption of robotics and of
augmented reality technologies (63.6% vs. 42.3% and 23.6% vs. 7.7%). Significant

Table 1 Role of ‘greening’ motivations and outcomes and adoption of Industry 4.0 technologies

GREENING AS DRIVER

No Yes Total

GREEN ADOPTERS No 66 11 77

50.0% 8.3% 58.3%

Yes 30 25 55

22.70% 18.9% 41.7%

Total 96 36 132

72.7% 27.3% 100%

Note: Chi-square statistics for statistical significance: Pearson chi2(1) ¼ 15.71, Pr ¼ 0.000

3Caveat: sample size is small and the adoption of certain technologies such as additive manufactur-
ing is still not so widespread that a cautionary approach to the analysis is needed.
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differences also emerge when comparing eco-efficient and circular adopter: indeed,
circular firms are significantly more likely to adopt 3D scanners and augmented
reality technologies. On average, firms that reported environmental benefits are
adopting a higher number of technologies (2.22 vs. 1.78 out of 6), a figure driven
by the adoption of CIRCULAR firms (2.68, see Table 3). In fact, CIRCULAR firms
show the highest share of Industry 4.0 technologies among the types of firms

Table 2 Industry 4.0 technologies adoption and sustainability outcomes

Non-green
adopters

Green
adopters Sig.

of which

Sig.
Eco-
efficiency Circular

Robotics 42.3% 63.6% �� 64.0% 71.4%

33 35 32 20

Additive
manufacturing

39.7% 36.4% 34.0% 46.4%

31 20 17 13

Big data 42.3% 47.3% 46.0% 60.7%

33 26 23 17

3D scanner 24.4% 18.2% 16.0% 32.1% ��
19 10 8 9

Augmented reality 7.7% 23.6% ��� 22.0% 28.6% ���
6 13 11 8

IoT 21.8% 32.7% 32.0% 28.6%

17 18 16 8

Num. of firms 78 55 50 28

100% 100% 100% 100%

Note: The fourth column reports statistically significant differences between NON-GREEN and
GREEN ADOPTERS, the seventh between ECO-EFFICIENCY and CIRCULAR, based on Pear-
son Chi-squared statistics, considering confidence levels: ���p < 0.01, ��p < 0.05

Table 3 Features of 4.0 adoption and sustainability outcomes

Non-green
adopters

Green
adopters Sig.

of which

Sig.
Eco-
efficiency Circular

Number of 4.0s adopted (0–6) 1.78 2.22 �� 2.68 2.14

Amount of investment in 4.0s
(%, 0–100)

9.64 13.10 14.33 12.85

Adoption of 4.0s in produc-
tion (D)

0.66 0.87 ��� 0.82 0.92

Adoption of 4.0s in NPD (D) 0.45 0.45 0.54 0.42

Number companies 78 55 50 28

Note: The fourth column reports statistically significant differences between NON-GREEN and
GREEN ADOPTERS, the seventh between ECO EFFICIENT and CIRCULAR, based on Pearson
Chi-squared (between qualitative variables) and t-test (between qualitative and quantitative vari-
ables) statistics, considering confidence levels: ���p < 0.01, ��p < 0.05. D means Dummy
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considered, except for IoT which is higher for companies focused just on improving
their efficiency and reducing process emissions (ECO-EFFICIENCY).

Interestingly, despite the number of technologies adopted differs significantly
across the groups, the amount of money invested to adopt and develop them is not
significantly different, if measured as incidence on firm turnover (INVESTMENT IN
4.0S, see Table 3). We might interpret this figure as the fact that the adoption of
diverse technologies might allow firms a larger “creativity space,” which allow them
achieving a wider set of outcomes, including sustainability-related ones.

However, they differ significantly in terms of how those technologies have been
implemented in the firm, which can be proxied by the stage of the value chain for
which Industry 4.0 technologies have been adopted. Firms that reduced environ-
mental impacts after the introduction of Industry 4.0 technologies are significantly
more likely to have adopted them in the production process (87% of the firms in the
first group vs. 66% of the second), but not in terms of the development of new
products. This result somehow contradicts the expectations in the literature that
digitalization of activities might take place especially for innovation purposes. On
the contrary, Industry 4.0 technologies seem to allow greater results in terms of
environmental sustainability when it comes to production processes and might be
strictly related to the relevance of robotics. In this context, no significant differences
emerge across eco-efficient firms and CE ones.

4.5 Industry 4.0 and the Knowledge Management Profile
of Green Adopters

Considering the specificities of green innovation, even stronger when it comes to
innovations related to the circular economy, we expect that the adoption of 4.0 s
might have different implications in terms of knowledge management.

Accordingly, we investigate different aspects related to knowledge management,
considering both dynamics internal and external to the firm, with a special focus on
customers, which are reported in Table 4.

As for the internal dynamics, the adoption of 4.0 technologies does not require
differential training for the workforce for its implementation across the groups: this
results make sense, as we expect the intensity of such trainings should depend on the
(mix of) technologies adopted rather than on the outcomes that can be achieved
thanks to their adoption. Interestingly, however, significant differences emerge in
terms of the intra-firm collaborations, possibly enhanced with the aim of taking the
most out of the Industry 4.0 technologies introduction. Indeed, GREEN
ADOPTERS are more likely to have increased collaboration among workers and
among firm’s functions, which is coherent with the view that green innovation has a
higher degree of system dimension. The adoption of Industry 4.0 technologies also
allowed the creation of new knowledge: an occurrence that is higher for GREEN
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ADOPTERS than non-green ones both as it comes to processes and products, which
highlights the innovation opportunities that such technologies might entail.

Coherently with the existing literature on environmental innovation interesting
differences across the groups emerge, when we consider implications regarding the
engagement with the customers. Almost all the variables considered, indeed, point to
the development of a closer integration with the customers after the implementation
of the technology. This evidence comes in place both as we investigate the direct
cooperation with customers (which is significantly different between GREEN and
NON-GREEN ADOPTERS just in the case of new product development, not of
production) and the increased level of “indirect” interaction that is allowed by the
use of the product. Indeed, respondents claimed an increase in the service offered
and an enhanced possibility to control the product during its use.

As for other analyses performed in this chapter, the difference between firms that
adopt 4.0 s and achieved eco-efficiency rather than circular type of outcomes is not
as stark as those characterizing firms that did achieve any of those outcomes
(GREEN ADOPTERS) with respect to those that did not (NON--
GREEN ADOPTERS). An interesting exception is the variable that captures the

Table 4 Knowledge management implications considering for 4.0 s adoption and sustainability
outcomes

Non-
green
adopters

Green
adopters Sig.

of which

Sig.
Eco-
efficiency Circular

Increased training 2.63 3.17 3.23 3.11

Increased collaboration. . .

between workers and
suppliers

1.95 2.41 2.15 2.64

among workers 1.86 2.72 ��� 2.69 2.75

among firm’s functions 2.01 3.07 ��� 2.96 3.18

Creation of new knowledge. . .

to improve processes 2.91 3.70 �� 3.77 3.64

to improve products 2.80 3.33 �� 3.27 3.39

Increased servitization 2.47 2.98 �� 2.96 3.00

Increased traceability 2.14 2.80 �� 2.52 3.07 �
Increased cooperation with cus-
tomers in new product
development

2.09 3.04 ��� 2.52 3.54

Increased role of customers in
production

1.66 2.20 1.52 2.86 ���

Num. companies 78 55 50 28

Note: Variables can take on values from 1 to 5, measuring the level of importance form low to very
high. The fourth column reports statistically significant differences between NON-GREEN and
GREEN ADOPTERS, the seventh between ECO EFFICIENT and CIRCULAR, based on Pearson
Chi-squared (between qualitative variables) and t-test (between qualitative and quantitative vari-
ables) statistics, considering confidence levels: ���p < 0.01, ��p < 0.05, �p < 0.1
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importance of the engagement of the customers during the manufacturing processes,
which is significantly high for the firms achieving circular outcomes and low for
those that did not. Such evidence supports the literature suggesting that the adoption
of 4.0 s might allow greater integration along the partners of the value chain and is
possibly connected with the possibility to collect waste to be upcycled or recycled.

5 Conclusions

The chapter provides empirical evidence of the connection between Industry 4.0
technologies and CE strategies by also investigating the perspective of knowledge
management. Theoretical debate has suggested a promising positive scenario for
circular-oriented firms in the adoption of such a set of technologies to control use of
resources and monitor internal and external processes. The complexity and systemic
dimension of CE should push firms to search for knowledge partners both within and
outside the firm’s boundaries.

Our analysis suggests a positive relationship between Industry 4.0 technologies
and green adopters, with them being focused on CE outcomes or eco-efficiency
ones. Differences also emerge in terms of specific technologies adopted and impli-
cations in terms of the activities within the value chains those technologies are
implemented in. In particular, consistently with studies suggesting a strong role of
Industry 4.0 technologies in the production sphere (Stock & Seliger, 2016), results
stress how green and non-green adopters differ specifically in the adoption of those
technologies (i.e., robotics) in operations processes. This outcome provides evidence
of the centrality of manufacturing within the environmental sustainability and CE
framework and the enabling role of the technologies part of the so-called fourth
industrial revolution. Despite the attention on 3D printing as key enabling technol-
ogies for CE, no specific evidence appears in this regard. Further research should
investigate if this unexpected result is driven by industry or country specificities or is
an element that can be also tracked in other empirical settings.

It is also worth noting that in addition to firms that proactively adopted such
technologies to pursue green strategies, there is also a group of adopters that obtain
green outcomes from the adoption as an unexpected result. This means that those
technologies are not just enablers but also amplifiers—they might further spread the
attention toward CE and environmental sustainability since they provide firms with
new tools to help control and measure the use of resources (product inputs or energy)
and further boost their resource efficiency. From this point of view, Industry 4.0
technologies may become a driver for CE, in addition to other drivers identified in
the literature (de Jesus et al., 2019).

From a knowledge management perspective, a clear contrast between green and
non-green adopters emerges. In the case of “green adopters,” investments and use of
Industry 4.0 technologies are strongly related to a stronger emphasis on intra-firm
collaboration. Our study suggests that green adopters are more likely to create new
knowledge (both at the process and product level) thanks to the adoption of new
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technologies. A deeper exchange of knowledge with the customers takes place for
sustainability outcomes to be achieved—which is especially the case to develop new
products. Another interesting difference regards the knowledge implications for the
product or service offered. The level of services attached to products (servitization)
is more likely to be increased via Industry 4.0 technologies (even if differences in the
level of IoT adoption seem not to exist between the two groups of adopting firms),
consistently with CE studies (Lacy & Rutqvist, 2016). Additionally, it is more likely
for new products to be traced—a result that is coherent with interest to “close the
loop,” yet that entails also interesting knowledge management implications that
should be further studied in depth via case studies.

Our study enriches also the theoretical discussion focused on describing the
characteristics of CE with respect to the wider debate on environmental sustainabil-
ity. At least from the angle of the adoption of Industry 4.0 technologies, analysis
described in the chapter suggests that no specific differences emerge in general
between eco-efficiency and CE, while there is stronger distinction between firms
with or without green outcomes. Further research should investigate this issue more
extensively, together with the dynamics of knowledge creation based on collabora-
tive relationships with customers and within the operations processes.
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Industry 4.0: New Paradigms of Value
Creation for the Steel Sector

Laura Tolettini and Claudia Lehmann

Abstract Industry 4.0 has hugely affected the investment decisions of many indus-
trial companies, including small and medium-sized enterprises. Thanks to national
government initiatives, incentives and subsidies have supported investments in
innovative and digital technologies, giving also a positive impulse in the national
economic growth. The greatest advantages of Industry 4.0 are the empowerment of
sustainable growth, thanks to the optimization of resources, and the integration of the
supply chain. Nevertheless, Industry 4.0 challenges industries on the organizational
level, concerning the integration of these technologies with existing ones and the
management of digital tools by dedicated qualified people. Steel industries have also
absorbed the challenges and the advantages of Industry 4.0. Digital technologies are
affecting the business model and supply chain of steel producers, pushing them to
integrate themselves with their business partners. Industry 4.0 is definitely an
opportunity of sustainable growth for the steel sector.

1 Introduction: Development and Initiatives of Industry 4.0
in Europe and Worldwide

Industry 4.0 (I40) is a national initiative jointly launched in 2011 by the German
Ministry of Education and Research (Bundesministerium für Bildung und
Forschung—BMBF) and the Ministry for Economic Affairs and Energy
(Bundesministerium für Wirtschaft und Energie—BMWi). Chancellor Angela
Merkel recognized the urging necessity to create a coherent governmental strategy
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in order to integrate the online world with the world of industrial production and
giving the German companies the chance to be competitive on the new globally
digitalized market. In this way, the German Government immediately allocated a
fund of €200 million, in order to serve the High Tech 2020 Strategy (Klitou et al.,
2017a, 2017b, 2017c, 2017d, 2017e, 2017f). At the same time, Germany created a
national I40 platform in order to put all the players involved (companies, research
centers, and consultants) in constant communication, also with the goal to support
the development of the needed skills, especially in the STEM (Science, Technology,
Engineering, and Mathematics) field (Bundesregierung, 2015).

Industry 4.0 is considered the fourth industrial revolution. The first industrial
revolution was ignited by mechanization, through the employ of water and steam
power. In the second revolution, electricity enabled assembly lines and mass pro-
duction, and it became the third revolution with the further development of automa-
tion and computers. Industry 4.0 is a step further, using cyber-physical systems in
order to integrate the physical and the digital world, leading to smart autonomous
industrial systems (Marr, 2018).

Via embedded sensors and actuators operating in a wireless network system, cyber-
physical systems (CPS) interconnect objects, by exchanging a huge amount of data in a
very short time. The physical object acquires a so-called digital twin, which is the
representation of this object in the virtual world (Boschi, De Carolis, & Taisch, 2017).
CPS are more diffused in daily life than one could imagine: 90% of all microprocessors
work in embedded systems, which have become a critical point for the competitive
advantage of companies, being able to network human and objects with strategic
information (BMBF, 2018). CPS are the key for integration and interconnection
promised by Industry 4.0 enabling technologies. CPS lead machine to make autono-
mous decision and to influence and change the environment where they are working.
They enable the configuration not only of smart factories but also of smart environment
and supply chains to which a company is interconnected (Pflaum et al., 2014).

There are nine key enabling technologies (KET) of Industry 4.0, as the Italian
Ministry for the Economic Development (MISE) has recently pointed out (MISE,
2018):

1. Advanced Manufacturing Solutions: collaborative, interconnected, and immedi-
ately reprogrammable robots, which can work in the same environment of human
beings.

2. Additive Manufacturing: 3D (three-dimensional) printers which work through
dedicated software in order to produce customized objects.

3. Augmented Reality (AR): the integration of virtual reality in the world of
production in order to facilitate daily tasks or training at the machine.

4. Simulation: software enabling the virtual representation of different scenarios
among connected machines in order to optimize manufacturing processes.

5. Horizontal and vertical integration: thanks to the rapid and online data exchange,
the supply chain can be fully integrated, from producer to consumer.

6. Industrial Internet or Internet of Things (IoT): thanks to CPS, human, machines,
and products are constantly interconnected and can adapt fast to unexpected
environmental changes.
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7. Cloud Computing: hardware is virtualized and information is stored in open
platforms, which enables almost an infinite space for memorization, at lower
costs and at higher speed.

8. Cybersecurity: it creates a secure environment for machines and software in order
to exchange sensitive information and avoid dangerous stealing of data from
internal and external counterparts.

9. Big Data Analytics: millions of data can be exchanged in milliseconds. Using and
interpreting data have become an essential source of competitive advantage,
independently from the sector where companies are working.

Through these technologies, the fourth industrial revolution leads companies to
integrate all steps of production and all levels of interaction among the different
departments, but at the same time to be more networked with their customers and
suppliers. In this sense, two other technologies could be added to the traditional list
of KET mentioned before: artificial intelligence (AI) and Blockchain.

Concerning artificial intelligence, the symbiosis among humans and machines
becomes so deep that machine learns to interact like humans from humans themselves.
Through complex algorithms, machines gain new knowledge of the external world
(Rouse, 2018), and they are able to automatically adjust production to anticipated
availability (Maniyka, 2011). Artificial intelligence will further boost the ability of
Industry 4.0 technologies to increase productivity and product quality (Berg, 2019).

The Blockchain is a digitized, decentralized public ledger of all cryptocurrency
transactions. A block is created to represent a requested transaction and is sent to all
nodes of the network in order to be validated. Once it is validated, the block is added
to the existing Blockchain and cannot be removed. Validators can keep track of all
transactions chronologically, without the support of a centralized authority.
Blockchain could be very useful in the validation of transactions concerning sensi-
tive information also in the industrial sector, e.g., related to the creation of contracts
and currency transactions (Peterson, 2018). It is very interesting how Industry 4.0 is
also affecting the way knowledge is transmitted and transformed digitally, in order to
enable a faster and more secure communication. The revolutionary aspect of digiti-
zation is that knowledge is generated from a source and controlled by different
participants of a network in a diffusive way, without the necessity of a centralized
authority. For example, this has already happened with Wikipedia, creating a system
of verification and authorization of participated knowledge by the support of an
entire community of singular users. Digital technologies empower a networked
community to exchange and validate notions, in an integrated system.

The integration force of the technologies of Industry 4.0 leads to appealing advan-
tages and opportunities for all industrial sectors: optimization of production and
maintenance costs and of consumption of resources; higher product quality through a
better control of production; flexibility and customization of manufacturing; and new
market and supply chain opportunities (European Parliament, 2016). Industry 4.0 puts
the customer at the center of the manufacturing process and delegates operative pro-
ductions tasks to machines and robots (Pareekh & Tanmoy, 2017).

Some important challenges are also driven by Industry 4.0: costs for the integra-
tion of new and existing technologies; requalification of workforce and the search for
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new interdependent soft and technical skills; and protection of intellectual property
and data privacy and security (European Parliament, 2016). Certainly, Industry 4.0
implies a huge organizational effort from managers. The successful integration of
innovative technologies with the existing industrial reality forces managers to align
the organization to a vision and to clearly define a realistic roadmap to fulfill with the
support of both internal (employees) and external (customers and suppliers) stake-
holders (Brunelli, Lukic, Milon, & Tantardini, 2017). Industry 4.0 challenges com-
panies on the topic of innovation and knowledge management. Since digitization
enables the collection of data from many heterogeneous sources, managers have to
train themselves and their staff to interpret these data by thinking on a
multidisciplinary level and by integrating operative and strategic information to
create a competitive advantage for their company. The investment in innovative
technologies and the modernization of plants and infrastructure increases the value
of a company, its knowledge, and expertise. Nevertheless, the process of technolog-
ical integration requires a structured way to manage innovation in the daily work, so
that innovation remains not only a sporadic phenomenon of a genial idea, but an
incremental process to support sustainable competitive advantage.

Indeed, Industry 4.0 represents a fundamental chance for the European Union
(EU) in order to gain sustainable competitive advantage in the globalized market.
Many national initiatives started in different regions of the EU. These initiatives can
be linked by a common strategy: they supported not only the creation of innovative
startup from scratch, but they wanted to ignite new potentials in the traditional
sectors and to create advanced technological poles with the help of universities
and research centers. This enriches the innovation knowledge of an industrial
community, by integrating the perspectives of different partners (high-tech and
traditional companies, universities, governmental institutions). Each European
region has tried to specialize in a particular innovative sector, but at the same time,
they fostered the exchange of best practices both on a European and on an interna-
tional level.

One year after the German initiative, the Italian Government installed a budget of
€40 million, in order to create synergies among industries, research centers, and
associations (Klitou et al., 2017a, 2017b, 2017c, 2017d, 2017e, 2017f). Later, the
Italian Ministry for Economic Development (MISE) incremented the fund up to €13
billion for the period of 2017–2020 to sustain enterprises and startups in R&D and
investments in Industry 4.0, also through financial measures like super-amortization
and tax relief (MISE, 2018).

In France, Industry 4.0 took the name of Industrie du Futur, with the initiative
launched in 2015, with a budget of €10 billion (Klitou et al., 2017a, 2017b, 2017c,
2017d, 2017e, 2017f). The goal was to integrate the entire production process with
smart digital technologies, in order to offer faster and tailored designed products and
services to customers. The initiative involved nine industrial areas: (1) transport,
(2) smart objectives, (3) new resources, (4) medicine, (5) digital security, (6) sus-
tainable cities, (7) data economy, (8) smart food production, and (9) eco-mobility
(Klitou et al., 2017a, 2017b, 2017c, 2017d, 2017e, 2017f).
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At the end of 2010, the Government in the United Kingdom (UK) provided
additional funding for more than £200 million for the period 2011–2015, in order to
foster high-value manufacturing centers, the so-called Catapult Centers, focused on
some strategic innovation topics, like digital technologies, renewable energy, future
cities, and future transportation system (Hauser, 2014).

In 2016, the Spanish Government granted €97.5 million for innovative and
research projects in industries, €68 million for ICT (Information and Communication
Technologies) companies, and €10 million for innovative clusters under the label of
Industria Conectada (Klitou et al., 2017a, 2017b, 2017c, 2017d, 2017e, 2017f).

Many other Industry 4.0 initiatives fostered in those years across Europe, to quote
some more: Smart Industry (Holland, 2014, €25 million), Production 2030 (Sweden,
2013, €50 million), MADE (Manufacturing Academy of Denmark, 2014, €50
million), and Produtech (Portugal, 2017, €4.5 billion) (Klitou et al., 2017a, 2017b,
2017c, 2017d, 2017e, 2017f).

In the world, Industry 4.0 covered different aspects. In the United States of
America (USA), President Obama dedicated USD $1.3 billion to production
research in 2013, USD $1 billion for the National Network for Manufacturing
Innovation, and USD $300 million for a Wireless Innovation Fund (Sargent, 2013).

In the USA, Industry 4.0 took the name of “Smart Production” or “Industrial
Internet,” and it is more focused on the industrial and consumer employ of Big Data
Analysis in order to create new business models (“smart services”) (Kagermann,
Anderl, Gausemeier, Schuh, & Wahlster, 2016). In 2014, some famous hi-tech
companies, like Microsoft, IBM, and Intel, founded the Industrial Internet Consor-
tium, in order to put together industrial leaders, research centers, universities, and the
government to build best practices and create framework for the implementation of
IoT technologies. This coalition is collaborating with the German platform Industrie
4.0 to develop compatible architectures for the industrial interoperability in order to
foster standardized knowledge in the high-tech field (Industrial Internet Consortium,
2019)

With its plan “Made in China 2025,” China will create 15 innovation centers by
2020, and 40 by 2040. It wants to increase the national production of Industry 4.0
core components and products to 40% by 2020 and 75% by 2025. Priority sectors
have been identified for this technological development: new advanced information
technology; automated machine tools and robotics; aerospace and aeronautical
equipment; maritime equipment and high-tech shipping; modern rail transport
equipment; new-energy vehicles and equipment; power equipment; agricultural
equipment; new materials; and biopharma and advanced medical products (Lee,
2015). Through digitization and innovation, China wants to boost its economic
paradigm, by achieving manufacturing excellence, by increasing investments in
R&D, and by concretely revising demand planning, sustaining more efficient and
flexible organizations (Eloot, Huang, & Lehnich, 2013). Between 2016 and 2018,
the majority of Chinese investments in Europe were acquisitions in strategic tech-
nological fields and 60% of them were made by the government itself (Santoro,
2019). We can observe how gradually the innovation paradigm of China started to
support a more sustainable economy, also concerning environmental issues.
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High-value manufacturing in India is supported by the initiative Make in India,
launched in 2014 and led by the Department of Industrial Policy and Promotion
(DIPP). The initiative wants to eliminate bureaucracy and lack of transparency, to
attract even more foreign investments in 25 different industrial sectors (Make in
India, 2019).

In 2014, the Russian President, Vladimir Putin, announced the implementation of
the National Technology Initiative (NTI), to make Russia a technological leader in
the following sectors in the next 15 years: energy (distributed power from personal
power to smart grid and smart city), security (new personal security systems),
finance (decentralized financial systems and currencies), and neurological research
(with use of AI) (ASI, 2019).

It is important to mention two other Asian industrialized leading countries
concerning initiatives of Industry 4.0, where there are some important steel pro-
ducers. In the following paragraphs of this chapter, we will see how these industries
are not only investing in technological innovation for their traditional operating
activities, but they are trying to anticipate and redesign the future of their sector. For
these industries creating spaces for creativity and innovation to gain new knowledge
and competitive advantage toward their competitors is fundamental. The
Manufacturing Industry Innovation 3.0 plan is part of South Korea’s Creative
Economy Initiative. The goal of the government is to have 30,000 smart factories
by 2025 (Son, 2018). The Industrial Value Chain Initiative (IVI) is the Japanese
initiative to promote collaboration among industries on topics related to digital
technologies, also expanded to international collaborations. Working groups are
especially engaged to facilitate the industrial use of CPS through a standard interface
and of IoT for smart maintenance (IVI, 2019).

2 Development of Industry 4.0 in the Steel Sector

The steel industry lies at the heart of the industrial economy worldwide. Its origin is
recognizable in the mid-1850s, with the first mass production at inexpensive costs
(Saville, 2019).1 It employs more than six million people around the world directly
and 40 million people indirectly in the supply chain. In 2018, it produced a total
amount of 1.8 billion tons crude steel, and in 2017, it created US$500 billion value
added (World Steel Association, 2019). Steel industry is the backbone of the
European economy, too, with 330,000 highly skilled people directly employed and
170 million tons of produced crude steel per year at more than 500 steel production
sites across 23 EU member states (Eurofer, 2019).

1The first inventor of mass cheap steel production was the British Henry Bessemer (1813–1898). In
1856, he was able to discover a new method of producing steel, in large slag-free workable ingots
(Saville, 2019).
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Steel is employed in a multitude of different scopes in everyday life (e.g.,
buildings and infrastructure, automotive, mechanical, and electrical equipment,
domestic appliances) and is a recyclable material. It can be reused 100% as raw
material in the production method of the Electric Arc Furnace (EAF); on average,
new steel products contain 37% recycled steel (World Steel Association, 2019).

Steel industries are facing determinant challenges for their existence. Being
cyclically affected by overcapacity, they must always search for innovative ways
of sustainable competitive advantage. In its last outlook, the Organisation for
Economic Co-operation and Development (OECD) expressed its concern about a
new cycle of overcapacity in the steel sector, driven by the lower growth of the
global economy (OECD, 2019).

Steel industry has to cope with these fundamental challenges concerning its
sustainable growth:

• Environmental sustainability: reducing Co2 emissions and optimizing energy
consumption, by also using renewable sources. In the last few decades, steel
industry reduced Co2 emissions by 60%, and they pursue the further ambitious
goal of zero emissions until 2050 (Kerkhoff, 2019). One another important point
is enhancing the use of co-products, generated by the output of the steel process
(like slags and dusts). Nearly 100% of steel industry output material can be reused
(World Steel Association, 2018).

• Social sustainability: the acceptance by the local community is fundamental for
the successful development of the steel sector. At the same time, social sustain-
ability is intended to guarantee the safety of the employees at work.
In 2004, the World Steel Association started the initiative of sustainable steel:
eight annual indicators, also concerning social performance, to which steel
industries can report voluntarily (World Steel Association, 2018).

• Innovation sustainability: steel must remain competitive as material toward
alternative products. In 2017, the steel industry invested 5.9% of revenue projects
concerning the development of new steel types (World Steel Organization, 2019).
Innovation in the supply chain is also indispensable in order to keep the pace of
the growth of the other industrial sectors.

Industry 4.0 represents a great chance for steel industries to keep growing
sustainably. Since 2013, the applications of Industry 4.0 have been put as a priority
in the RFCS—Research Fund for Coal and Steel—the research program for steel
industries.

The huge potential of I40 consists in increasing the optimization of resources and
reducing the impact on the environment and on the local community. This is possible
through the integration of all production steps and to the opportunity to predict and
avoid process failures with the use of machine learning and big data analysis. Final
products can be tracked intelligently up to the customer and can be matched
precisely to process failures in case they are defective. Sensors and radars can
measure and control furnace parameters and warn in case of dangerous operations.

Machines can be networked together in platforms, where production operators
can use online data and react supportively. Drone technology can be useful to inspect
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areas difficult to reach and to classify and value raw material, like scrap and alloys
(Janjua, 2018). Already at the end of the 1990s, first applications of AI and neural
networks were already used in statistical analysis and in results previsions for
technical processes.

One crucial point of I40 for steel industries is the opportunity to be more
integrated in the supply chain and to offer more customized products and services,
also in the case of the commodity market. If customers want to enable data exchange,
producers can understand the employ of their final products better and assist
customers in their needs more effectively (Kepmf, 2018). This leads to new business
models, where steel producers can offer not only physical products but also addi-
tional services.

The digital transformation challenges steel industries in their established organi-
zation: new technologies have to be integrated in existing plants and new compe-
tences are required in the technical staff, which has to cope with digital, technical,
and organizational problems (Janjua, 2018).

In Germany, one of the biggest steel producer in Europe, two interesting studies
were made about digital transformation in the steel sector. They can be useful in
recognizing the practical patterns behind a possible hype and observing how Indus-
try 4.0 is affecting innovation and knowledge management in the steel sector.

In 2017, the German Association for Steel Industries (Wirtschaftsvereinigung
Stahl) commissioned IW Consulting to analyze the real application of digital
transformation in the sector, based on the results of the IW-Zukunftspanel with
about 220 customers and 60 companies of the steel sector.

Results underline these nine following trends related to Industry 4.0 in the steel
business (IW Consult, 2017):

1. Increased innovation competences: producers can be earlier bound into the
development phase of the products of their customers. This enlarges the techno-
logical and commercial knowledge of steel industries, offering new market
opportunities.

2. Larger product portfolio: steel products can be integrated with digital components
in order to track the product itself and to tell features about the product.

3. Higher flexibility of the supply chain: thanks to data exchange, suppliers are more
networked to their customers and can assist them immediately in after-sale
activities.

4. Hybridization: product portfolio can be expanded thanks to ideas gained by
stakeholders. New services and business models can emerge, in order to be
more competitive on the market.

5. Virtualization: production can be virtually simulated in order to avoid waste of
time and resources.

6. Shorter lead times: time to market becomes shorter thanks to the speed of the
integrated processes.

The supply chain of steel industries includes a variety of stakeholders. Steel
producers do not always have direct contact with their suppliers and customers.
Suppliers of steel producers can be divided into four categories: suppliers of raw
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materials and additives (e.g., scrap, iron ore, alloys, lime, coal); suppliers of semi-
finished products (tubes, wires, bars, ingots, and billets); and suppliers of services
(transportation, energy, maintenance) and of equipment (spare parts, new parts of the
plant) (IW Consult, 2017). In the same way, customers of steel producers can be
categorized into those four groups: construction industry (35%); automotive (18%);
mechanical engineering (14%); metal goods (14%); tubes (13%); domestic appli-
ances (3%); other transport (2%); and miscellaneous (1%) (World Steel Association,
2019).2

In February 2019, the Fraunhofer Institute for Production Technique and Auto-
mation (IPA) did a study on the grade of reception of Industry 4.0 in the biggest
customers of steel producers: metal and steel trading companies and service centers.

An online questionnaire was sent to 400 German companies representing the steel
trading market, with a response rate of 16.5%. Afterward deeper qualitative expert
interviews were fulfilled (Schumpp, Birenbaum, & Schneider, 2019). Answers
display a trend of introducing two levels of digital integration within steel producers:
a first level concerning the simplification of administrative documents (invoices,
orders, contracts) with the help of tools like EDI (electronic data exchange) and a
second level of integration, using web platforms and mobile applications, taking the
example from the consumer market. Digital transformation is often driven by the
customer or supplier, who challenges the rest of the supply chain to adapt to new
digital technologies (Schumpp et al., 2019). Industry 4.0 supports the integration of
competences and knowledge among all stakeholders of the supply chain, affecting
the way of developing innovation. Through Industry 4.0, innovation is a result of
collaboration, leading to the approach of open innovation.

3 Analysis of a Company Case: Feralpi Group

3.1 Presentation of Company Case and Historical
Development of the Company

Feralpi Group is an international family company with the core business of steel for
construction industry. With an output of 2.5 million of crude steel, 3.3 million of
final products, and a turnover of €1.32 billion, Feralpi is one of the most successful
Italian and European steel producers, counting more than 1500 employees. Nowa-
days, more than 60 % of turnover is generated abroad. Feralpi is a significant
company case to analyze. Its history shows the development of a solid national
family company leading to the creation of a multinational group, principally based in
Italy and in Germany. Feralpi case offers the opportunity to analyze the technolog-
ical evolution and acquisition of Industry 4.0 knowledge and competences in the two

2Percentages of consumption intended as percentage of steel consumption for each customer
category on the total apparent steel consumption.
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most important nations for steel production in Europe, Italy, and Germany. Feralpi is
an interesting and successful example of how the vision of its entrepreneurs made
possible to integrate best practices from two different contexts, Italy and Germany,
even though sometimes their mentality and culture can be quite different.

Feralpi Group was founded in 1968 in Lonato del Garda by Carlo Nicola Pasini
and some other partners, including the families Tolettini and Leali. The site of
Feralpi Siderurgica SpA in Lonato offered a strategic industrial position next to
the railway and the motorway. Until 1973, Feralpi made different technological
investments, concerning two highly automated rolling mills and a continuous billet-
casting machine. The technical development continued, with the construction of an
additional steel plant in Calvisano, 20 km from Lonato, in order to serve the central
plant. Technical innovation was always an important strategic point for Feralpi to be
distinguished from competitors. In 1988, Feralpi was the first Italian commodity
steel producer to obtain a patent for the Tempcore process for the production of
rebars.

In the 1990s, when the European Community began to restructure the steel sector
distributing subsidies to close and aggregate factories, Feralpi Group started its
internationalization process: production units in Hungary (Ozd and Budapest) and
in the Czech Republic (Kralupy) were acquired. In 1992, a very strategic merging
was made: from a former state-owned company of 10,000 employees, the ESF Elbe-
Stahlwerke Feralpi was founded. The site is in Riesa, Eastern Germany, offering a
very competitive market position, both for the main raw material (scrap) and for final
products. In 1999, Feralpi entered the Romanian market, acquiring a 50% equity
interest in Ductil Steel Sa, manufacturing for construction industries, too. This
adventure, finished in 2007, when Feralpi sold its stake, due to significant cultural
and market challenges. Today, Feralpi has a participation in Beta, a Romanian
company, which is active in the carpentry industry. In 2009, the verticalization
process grew in importance, with the acquisition of Nuova Defim S.p.A. (Como),
producer of electro-welded meshes for industrial use and wire fencing and gates for
special applications. In 2012, Feralpi acquired Orsogril, a subsidiary of Nuova
Defim, which produces steel gratings for application in building and architectural
projects. In 2013, the group set up Feralpi Algérie, a commercial company based in
Oran, to serve the increasingly growing North African market. In 2014, Feralpi
started to focus on differentiation, investing in the noble steel production, with
Caleotto S.p.A. (Lecco), a rolling mill for the production of top-grade wire rod, in
a joint venture with a partner of the noble steel sector. In 2015, Feralpi made a new
joint venture, entering Cogeme Steel, in order to come closer to the final customer,
with special products for private construction industry, automotive, and engineering.
In the same year, it took a stake in Presider andMetallurgica Piemontese Lavorazioni
(Torino), specialized in pre-processing and on-site installation of rebar and steel
beams.

On May 2016, the group made its latest acquisition, with Profilati Nave Spa
(Brescia), an Italian producer in special profiles, in order to enlarge its potential in
the noble steel industry (Feralpi Holding S.p.A., 2019) (In Fig. 1 we show the
company organization).
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3.2 Presentation of Research Scope and Method

As we see from the development of the group, Feralpi strategy is based on three
pillars: internationalization, verticalization, and differentiation, which enabled

Fig. 1 Feralpi Group company organization chart (Feralpi Group Sustainability Report, 2018)
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Feralpi to gain more solid knowledge and experience of the market and of innovative
technologies. The strategy of internationalization meant to come from commercial
relationships with the main foreign partner (Germany) to create a production unit
abroad to serve directly the market and to exploit synergies with next markets
(Eastern Europe: Czech Republic and Hungary). Verticalization had the goal to
make production costs more efficient and try to come next to the final costumer
(construction industry), by transforming the semifinished product (wire rod) in
welded meshes and stretched coils. Moreover, the participation in control or in a
joint venture in two significant steps of the supply chain (scrap collection with Media
Steel and steel reshaping with Presider) gave Feralpi the opportunity to know the
market better and acquire new competences in collaboration with its suppliers and
customers. Differentiation gave the opportunity to explore a new segment of the
market like the one of higher quality of steel with the participation in Caleotto S.p.
A., exploiting the consolidated know-how in steel making and at the same time
enlarging their technical and commercial experience to more tailor-made products
for customers (wire-drawing mills).

Nevertheless, a solid pillar behind this strategy has always been the technological
development. The technological development of Feralpi reveals a continuous inno-
vation effort in order to offer the best product and the best service in a commodity-
dominated market. Continuous investments also in time of crises led Feralpi to be
prepared for the changes of the market and to understand the needs of the customers
better.

Today, Industry 4.0 is driving the technological decisions of Feralpi Group. In
order to outline the strategy, we interviewed managers of the headquarters active in
the field of Industry 4.0 and sustainability. Qualitative problem-centered interviews
were conducted together with Università degli Studi di Padova, Laboratory of
Digital Manufacturing, led by Prof. Eleonora Di Maria, and supported by Valentina
De Marchi.

The Laboratory for Digital Manufacturing (LMD) is a university initiative with
the goal to dig deeper in the concrete transformation of digital technologies and
Industry 4.0 on the Italian manufacturing companies. Its research group analyzes the
consequences of digital technologies on strategies and business models of Italian
producers (LMD, 2019). One of its research area is to study the impact of Industry
4.0 on the circular economy and on the sustainability patterns of Italian industries. In
2018, LMD conducted an important enquiry together with Legambiente3 on this
topic, underlining how bureaucratic constraints hinder companies to fulfill important
best practices in terms of sustainability goals (Di Maria, De Marchi, & Blasi, 2018).

An interesting collaboration started with LMD and CLIC, Center for Leading
Innovation and Cooperation of the HHL Leipzig Graduate School of Management.

3Legambiente is an Italian nonprofit association which has the goal to protect the environment and
to raise awareness on the human impact on climate change and environmental transformations.
Founded in 1980, it collaborates concretely with industries and universities in order to make
scientific studies, which can help decision and strategies in different business fields (Legambiente,
2019).
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CLIC is focused on applied innovation in companies and it researches on the
technological application of Industry 4.0 in companies, by collaborating with inter-
national universities and participating in different European and international pro-
jects (CLIC, 2019).4 We decided together to analyze the case of Feralpi Group and
we received very open collaboration.

In May 2019, we made our interviews in Feralpi. We interviewed the Chairman,
the Managing Director, the person responsible for Corporate Social Responsibility
(CSR), the person responsible for the environment, and the person responsible for
the application of Industry 4.0 technologies of Feralpi Group. Interviews were
conducted vis-à-vis and lasted one hour on average.

We interviewed managers on these fundamental questions in order to make a
snapshot of the company on its strategy, Industry 4.0, and sustainability:

1. How do you define your competitive advantage and your business model?
2. Which technologies of Industry 4.0 are adopted in your company and why?
3. Which impact had those technologies on your organization, on your business

partners, and on your business model?
4. Which meaning has sustainability for your company and which challenges did

you face in order to fulfill your sustainable goals?
5. How did Industry 4.0 support your sustainability goals?

We transcribed all interviews and analyzed their results, by aggregating the
responses concerning the topics considered.

3.3 Results of the Research

The steel market is dynamic and influenced by national and international political
decisions concerning production and commercial capabilities. In 2008, the steel
sector was hit by an important crisis, after some positive years of expansion.
Observing the two main markets where Feralpi is present, Germany and Italy, they
had a different recovery, influenced also by the economical and industrial develop-
ment of the two nations. Germany recovered earlier than Italy from the economic
crisis of 2009, hence supporting the growth of the industrial sector, including steel
production. Through its presence in Germany, Feralpi Group could counterbalance
the weaker Italian market. Since 2009, Feralpi has grown constantly in Germany,
while the Italian market reduced itself to a third of its capacity. The strategical
decision to cope with the situation of the Italian national market was to start focusing

4The collaboration to analyze the case of Feralpi started with participation in the workshop
“Creating Value through Manufacturing: Exploiting Industry 4.0 in a Circular Economy Frame-
work,” in March 2019. The workshop saw the participation of different European universities. In
this circumstance, we presented the results of the research we conducted in August 2016, where we
interviewed 56 protagonists of the steel sector in Germany and in Italy about the challenges and
chances of Industry 4.0.
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on diversification, by entering the niche market of specialties, which is a strategy still
in development. Steel production for special steel and for commodity is very
different from a technological and commercial point of view. In specialties, there
are also market entry barriers, since customers are quite loyal to established market
leaders. Feralp
i Stahl5 serves mainly the national market, while the national Italian market is
characterized by a high density of competitors in the same province and there is
more necessity to export products in Europe or in other foreign countries, like
Northern Africa and also Canada and the USA. In Europe, Switzerland, Spain, and
Germany are very strong competitors, while internationally the market is constrained
by the American duties and by the force of Turkey.

The internal commercial structure manages a network of agents and service
centers, which have to transform and deliver products for the construction sites. A
further relevant difference between the Italian and German market are payment
conditions. In Italy, payment conditions are much longer than in Germany. In Italy
there is more necessity to manage the credit situation of the customers, some of them
being small companies, which do not always receive insurance cover.

The structure of suppliers of Feralpi is quite stable, characterized by 35% of
regional suppliers. In Germany, scrap, the principal raw material for Feralpi, is
supplied by big companies, while the market in Italy is more fragmented (Interview
Managing Director Feralpi Holding, 2019c).

As we already saw in the paragraph concerning the presentation of the steel
sector, the supply chain of steel industries like Feralpi is made of diverse players,
with different sizes and origins. Core technical processes of Feralpi are the prepara-
tion, melting, solidification, and rolling of steel. Through the years, Feralpi has
always tried to improve its core processes and to control the quality of its strategic
raw material, in order to offer the best possible quality to its customers (Fig. 2 sim-
plifies the supply chain of Feralpi).

One driving force for Feralpi, together with technological development, has always
been to invest in sustainable growth. Even if it was not mandatory, Feralpi was the first
company in its province to voluntarily engage in a sustainability balance, in 2006. The
necessity was to communicate to the community all actions done in matter of sustain-
able goals (e.g., sustaining the local community and own employees, and protecting the
environment), in order to gain credibility and authoritativeness from the own stake-
holders (Fig. 3 displays the most strategic stakeholders of Feralpi).

Through the years, Feralpi improved its approach to map its processes according
to the demanding standards of the Global Reporting Initiative (GRI).6 The process is
still going on, and in the latest steps, it should require to integrate sustainability
objectives with the economical and production goals in the Managing by Objective

5Feralpi Stahl is the trading name for the four companies of Feralpi in Riesa: ESF Elbe-Stahlwerke
Feralpi GmbH, EDF Elbe-Drahtwerke Feralpi GmbH, Feralpi Stahlhandel GmbH, and Feralpi
Logistik GmbH.
6The GRI (Global Reporting Initiatives) is an independent international organization that helps
businesses and governments understand and communicate their impact on sustainability issues
(climate change, human rights, governance, and social well-being) (GRI, 2019).
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(MBO) system of managers, as it already happens in some companies, champions of
sustainability.

The sustainability engagement of Feralpi has its core force first in the engagement
toward its employees. Safety is a central issue and a critical point for all steel
companies. Safety is a global concept. It is intended as safety of its employees at
work, including realization of measures of welfare and of prevention of professional
diseases. If employees are healthy and feeling good, the company is becoming more
successful.

Some years ago, Feralpi decided to do an internal survey both in Italy and in
Germany, which is done every two years. The goal is to collect all information
concerning the satisfaction of its employees. The survey is anonymous and is

Fig. 2 Simplification of Feralpi supply chain (Feralpi Group Sustainability Report, 2018)

Fig. 3 Feralpi strategic stakeholders (Feralpi Group Sustainability Report, 2018)
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conducted and verified by a partner university. In this way, employees have the
concrete opportunity to understand the sustainability engagement of Feralpi and, at
the same time, Feralpi receives a concrete objective feedback on the measures done.

Digital technologies can support safety at work. There are currently systems,
which can signal location of people inside the workplace, sending and receiving
alarms in case of man down and displaying the shortest path to reach missing people.

Nevertheless, in the digital era, security is also intended as integrity and protec-
tion of company and personal data. In the time of cybersecurity, the reputational risk
of companies is very high. In this sense the collaboration with trusted suppliers is a
pillar in order to create customized plants and manage data in an efficient and
sustainable way (Interview CSR Manager Feralpi Holding, 2019b).

The environmental impact is an extremely important issue concerning sustain-
ability and the use of advanced technologies. Today the production paradigm is
changing with the circular economy. Output material from the production can be
transformed into by-products, giving the company the opportunity to explore new
business and new markets. This is the case of Feralpi, concerning the reuse of slags.
The black slag, coming from the melting process, is transformed from waste into a
by-product (“Green Stone +2”), and certified according to UNI EN standards, which
can be used in road construction and aggregates for concrete and bituminous
mixtures (Interview Responsible for Environment Feralpi Siderurgica SpA,
2019d). Another case concerns the plants of Feralpi in Germany. Steam is captured
from the electric arc furnace (ESF) and used by the town municipality to warm up
buildings in winter. This model was replicated in Lonato last year and offers a clear
example of integrated smart factory and smart city.

Linked to the topic of sustainable growth is the employ of Industry 4.0 technol-
ogies. Industry 4.0 fits in the continuous innovation strategy of the group, giving also
the opportunity to exploit new technological possibilities.

For Feralpi Industry 4.0 must be concretely integrated in the everyday life of the
production process. This implies not only a technological issue (functionally inte-
grating new and existing technologies), but at the same time an organizational
challenge, by spreading the digital culture in all levels and function of the managing
and operative staff (Interview Managing Director Feralpi Holding, 2019c).

Considering the nine KET of Industry 4.0, Feralpi is generally investing in all of
them with different scopes:

1. Advanced Manufacturing Solutions: labeling and sampling systems in the steel
plant and rolling mill, which allow product traceability, and robots substituting
human labor in dangerous activities.

2. Additive Manufacturing: at the moment, 3D printers are not so interesting for the
business of Feralpi. They could be useful in case of production of prototypes or as
additional service offered by business partners in order to supply spare parts
faster.

3. Augmented Reality (AR): there are some analyses concerning the use of AR as
support for e-learning training and for maintenance activities.

4. Simulation: since 2009, simulators are used from the melting to the rolling
process, in order to calculate the perfect mix of raw materials and technical
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parameters in order to improve the final product; monitoring systems are based on
key performance indicators (KPI).

5. Horizontal and vertical integration: development of an e-business platform for
final products with intelligent system of production planning.

6. Industrial Internet: advanced sensors and machine learning are used for predictive
quality in order to come to “zero defects” and to be able to produce new steel
qualities; in 2012, Feralpi had already introduced the basis of machine learning.

7. Cloud Computing: implementation of an ERP (Enterprise Resource Planning)
system in cloud in order to connect different plants in remoting.

8. Cybersecurity: implementation of cybersecurity protocols and systems in order to
protect software and machines.

9. Big Data Analytics: modeling systems based on KPI and on historical data in
order to self-adapt the process to the best possible outcome.

In Feralpi, Industry 4.0 is driven by three main technological goals:

(a) Collection, evaluation, and interpretation of data: the smart factory leads to have
numerous data available. The central issue is to find the most important data
which can help build strategic economical and qualitative KPI. The technical and
organizational issue is to be able to interpret the existing data and to be able to
measure new data with specific technology. Another important factor is time.
Being faster is a central point to gain competitive advantage. Data are synchron-
ically collected and integrated from different sources, while repetitive parame-
ters are synthetized in concise reports. The integration of various data to have
also an economical interpretation is also an organizational and technical
challenge.

(b) Advanced calculation systems: simulators are principally offered by machinery
suppliers and they are tailor-made for the final customer.7 Those systems start
from a physical parameter; they are then correlated to other data and finally
transformed in utility parameters.8 There are different types of simulations.
Process simulations for EAF (electric Arc furnace), LF (ladle furnace), and
CM (casting machine) are mainly done by special consultants. Online simula-
tions are both internally programmed and by external suppliers.

(c) Robotization: automation and robotization have always had a positive impact on
manual strenuous work. They enhance safety at work and, at the same time, they
guarantee a better integration of the process and of the traceability of the product.

(Responsible of Industry 4.0 applications Feralpi Holding interview, 2019e).
The approach to Industry 4.0 has two key elements for Feralpi: the centrality of

human capital and sustainability. Machines are automated and self-adapting, but
central decisions are made by human operators. Workers are a central pillar for
Industry 4.0 in Feralpi: they are not simple executors of technology, but they are

7FEM: Finite element method is the most widespread method of simulation.
8For example, the physical parameter of temperature is transformed in an energy parameter in order
to decide concrete actions to improve the performance of the furnace.
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mediators between machines and the rest of the organization. Workers are active
participants in the implementation and integration of Industry 4.0 technologies in the
existing structure. They can support the concrete application of new knowledge in
everyday life using their consolidated expertise and know-how regarding the
existing machinery.

The organizational strategy of Feralpi concerning Industry 4.0 has also fostered
the initiative of “E-farmers.” “E-farmers” are 12 young graduates, who were selected
from different Italian universities and intentionally with different study back-
grounds, not only technical ones. They were introduced in Feralpi with the goal to
digitize internal processes, by proposing some disruptive projects in a competition
context. The project which won is called ADAM (Assistente Digitale Attivitá
Manageriali—Digital Assistant for Managerial Activities). It will be a digital assis-
tant which, with the help of AI and machine learning, will simplify the interaction
between the commercial departments of Feralpi and their customers, while reducing
time of responses and operational repetitive activities. This initiative shows the goal
of the management of integrating senior and junior employees: creating diversity in
the staff is an opportunity to enrich innovative knowledge and competences of the
company and to find new ways of solving problems.

Technologies of Industry 4.0 have improved the performance in circular economy
initiatives. Very advanced sensors let capture deviations from the process and
measure the level and the consistence of emissions. Process integration and machine
learning lead to resource optimization and energy saving. Modeling and simulation
permit to analyze the use of recycled materials, which are coming as output of the
production process. Integrated platforms lead to exchange of information with
established and potential business partners and to the creation of consortiums to
explore new circular economy solutions. Feralpi’s goal is to combine Industry 4.0
and sustainability aspects in order to exploit positive consequences of the circular
economy.

Considering Industry 4.0 and sustainability, Feralpi is participating in an impor-
tant EU project, started in 2015 and which will end in 2020, called FISSAC
(Fostering Industrial Symbiosis for a Sustainable Resource Intensive Industry across
the extended Construction Value Chain). This project is focused on the construction
supply chain and has the goal to facilitate the reuse of industrial disposal material.
The goal is to facilitate exchange of best practices and information, by developing a
software platform in order to calculate the usability of disposal material in other local
companies. The positive effect is to create an industrial symbiosis in the construction
sector by the creation and use of eco-innovative construction products (new
eco-cement and green concrete, innovative ceramic tiles, and rubber-wood plastic
composites).9

The belief of Feralpi in sustainable growth is a concrete value, which is trans-
mitted to the next generations, of employees, managers, and shareholders. It is the
backbone of the technological development of the group (Interview Chairman

9Fissac (2019). https://fissacproject.eu/en/project/
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Feralpi Holding, 2019a). In May 2019, Feralpi was awarded with the prize of “Best
Performer in the Circular Economy” for the category Big Manufacturing Companies
in Rome, in the presence of the Ministry for the Environment. This was another
important acknowledgment that sustainability intertwined with advanced technolog-
ical solutions is the right path in order to preserve competitive advantage.

4 Example of Application of Industry 4.0 in Other Steel
Companies

Industry 4.0 is affecting the entire steel sector, with different industrial approaches.
We will give some practical examples in the following section, and at the end, we
will see which are the common patterns for all these industries, including Feralpi,
concerning Industry 4.0 and technological and knowledge development.

Saarstahl AG is a German manufacturer of steel long products, with subsidiaries
in Völklingen, Burbach, and Neunkirchen, counting 6590 employees and a crude
steel production of 2.8 million tons (Saarstahl, 2019).

In 2015, Saarstahl started the project “iPRODICT,” in collaboration with:

• Fraunhofer IAIS (Institute for Intelligent Analysis and Information Systems)
• Bundesministerium für Bildung und Forschung (German Federal Ministry of

Education and Research)
• DFKI (Deutsches Forschungszentrum für Künstliche Intelligenz—German

Research Centre for Artificial Intelligence)
• Blue Yonder GmbH
• PRC (Pattern Recognition Company)
• Software AG

This project is aimed to exploit IoT, especially sensors and video cameras at the
continuous casting machine, and big data analysis, in order to recognize surface
failure patterns, and connect them to the process causes. The model links and
combines historical data to create patterns, evaluated and integrated in streaming
production data.

This solution has enabled Saarstahl to avoid quality failure in semifinished
products, which must be further processed by other subsidiaries, avoiding negative
consequences on production efficiency and customer satisfaction. The challenge of
the project was to decide the rules of the failure recognition models and to determine
which production data were useful, correct, and existent and who in the production
should have had access to the elaboration and interpretation of these data (Stahmer,
2016).

Thyssenkrupp is a diversified group with sales for almost €43 billion and 161,000
employees present in 78 countries (Thyssenkrupp Steel, 2019a, 2019b, 2019c).
Thyssenkrupp Rasselstein is one of its subsidiaries, located in Andernach, with
around 2400 employees, and producing ca. 1.5 million tons of packaging steel/
year for international customers (Thyssenkrupp Steel, 2019a, 2019b, 2019c).
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The company started a project of IoT and big data analysis, in collaboration with
BIF (Research Center of the German Association of ironworks), in order to improve
the surface analysis on steel coils. The project enabled the improvement of product
tracking, evaluating data of thousand coils in a very fast time and in a very good
visual quality and accuracy. It pushed for new organizational concept of quality
control, allowing intervention in quality problems in real time (Brandenburger &
Schirm n.d.).

Thyssenkrupp Hohenlimburg is another subsidiary located in Hagen, with around
900 employees. It produces hot-rolled special steel strip, which is primarily used in
the automotive industry (Thyssenkrupp Steel, 2019a, 2019b, 2019c). The company
strengthens its horizontal integration with customers via a smartphone application,
the “tk HO app,” available on all common platforms. Customers can access a private
section, to view contracts data, like the status of an order, and to order new products.
Via the smartphone camera, customers can read the barcode on the coil label and
retrieve immediately all necessary information (Thyssenkrupp Steel, 2018).

Voestalpine Stahl GmbH in Linz is an important Austrian steel producer.
Together with the Johannes Kepler University in Linz (JKU), they developed a
special radar system to register the burden’s behavior in high temperatures and dust
conditions. Since no technology for this was available on the market, Voestalpine
developed and patented this 3D radar technology. This unique, continuous 3D radar
measurement can be used to monitor changes in the blast furnace in real time. The
technology used is comparable to the technology for radar distance measurements
used in the automotive industry to avoid collisions (Voestalpine, 2018).

Salzgitter AG, German producer, is one of the largest steel producers in Europe,
with a crude steel production of 7 million tons, a turnover of 9 billion euro, and
23,139 employees (2017) (Salzgitter AG, 2019).

During the fair Hannover Messe 2017, Salzgitter AG presented “HelmetGlass,”
created by its technological subsidiary GESIS Gesellschaft für Informationssysteme
mbH. “HelmetGlass” gives workers in production all the necessary information
concerning the working environment, thanks to a Bluetooth interface. If there is a
danger, it is displayed directly in the user’s virtual view. Moreover, these glasses
display the list of tasks to be fulfilled by the operator or machine conditions. During
maintenance operation, the operator is connected via audio and video to the remote
central service center, which guides him/her through the different activities
(Stahlblog.de, 2018).

Tata Steel Europe is one of the largest steel producer. It belongs to the Tata
Group, which includes 29 publicly listed enterprises, with a total market capitaliza-
tion of $103.51 billion and 660,800 employees worldwide (2017) (Tata Steel, 2019a,
2019b, 2019c, 2019d).

Tata Steel Europe counts 21,000 employees, €7.9 billion sales, and 10 million
tons delivered steel products (to March 2018) (Tata Steel, 2019a, 2019b, 2019c,
2019d).

In 2015, Tata launched the Innovation Portal, in order to be fertilized by ideas by
other sectors. Up to now, Tata received 380 proposals from different companies and
research centers, including ideas about to extend the life and improve the quality of
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products, to reduce water usage, and to employ laser technologies to measure the
shape of products in-line and also the use of high-speed camera technologies
developed for the postal industry to monitor the quality of our strip products
in-line (Tata Steel, 2019a, 2019b, 2019c, 2019d). Tata integrated this program
with Tata Innoverse, a portal where Tata is seasonally posting concrete challenges,
rewarded with money and with a prize in an annual meeting with the management.
With the program Start-O-Sphere, Tata also wants to partner with startups and
technologists (Tata Steel, 2019a, 2019b, 2019c, 2019d).

With annual production of approximately 93 million tons of crude steel (47%
manufactured in Europe), $US 69 billion of turnover, and 199,000 employees across
60 countries, ArcelorMittal is the world’s leading steel and mining company
(Arcelor Mittal Fact Book, 2017).

ArcelorMittal digitized its supply chain with the introduction of “SteelUser,” a
platform used by 89% of its customers, in order to access all information about
orders at any time. The platform is supported by the application “Track & Trace,”
allowing a mobile shipment tracking, too, and by the additional Internet platform
“SteelAdvisor,” which supports customers in selecting the right steel product for
a job.

All these tools helped enhancing customer relation and reduced errors and, above
all, administrative costs (Stahlblog.de, 2018).

Vallourec is a multinational enterprise active in 20 countries and counting 19,000
employees. It produces tubular solutions for the energy market. In 2016, it had sales
of €2.9 billion (Vallourec, 2019a). Vallourec started to offer their customers more
than a platform. They offer a complete service for the whole supply chain: design of
products, installation, sourcing, and asset management, by inserting sensors in final
products in order to monitor them in their service life (Vallourec Smart, 2019b).

NSSMC (Nippon Steel and SumitomoMetal Corporation) is the leading Japanese
corporation with 13 steelworks in Japan. It is specialized in three business fields as
key strategic areas: high-grade steel products for automobiles, resources and energy,
and civil engineering, construction, and railways (NSSMC, 2019). It possesses three
major R&D research centers, and seven laboratories at steelworks, all in Japan, with
focus on steelmaking, engineering, chemicals, new materials, and system solutions.
The NSSMC group employs approximately 84,000 persons (Nippon Steel and
Sumitomo Metal Report, 2018). Beyond their core business, they developed a
specialized System Solution segment, offering customers complete solutions in the
configuration, operation, and maintenance of IT systems. Customers are supported in
the employ of AI, machine learning, and IoT. The system solutions segment
recorded net sales of $1.9 billion (Nippon Steel and Sumitomo Metal Report, 2018).

The trend to assist customers in their whole purchasing experience is diffusing in
the steel sector.

A further example is Klöckner & CO. Klöckner & CO is one of the largest
producer-independent distributors of steel and metal products worldwide. With
around 170 locations in 13 countries, the group supplies ca. 120,000 customers.
Klöckner & CO’s target is to fully digitalize its supply and service chain as well as to
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expand the independent open industry platform XOM Materials to become the
dominant vertical platform for the steel and metal industry (Klöckner, 2019).

The digitization strategy of Klöckner consists in those pillars:

1. Digitalized platforms: creation of industrial platforms to disrupt the traditional
steel and metal trading and to exploit the opportunities of the e-commerce.

2. Higher value-added business: digitization will give space to focus on businesses
with higher margins and to automate repetitive and less profitable activities.

3. Higher efficiency: Klöckner launched the internal program “VC2
—Value Crea-

tion at the Core.” It is an accelerator of operational initiatives aimed at achieving
internal excellence and profitable growth and to support a cultural transformation
across all parts of our group (Klöckner, 2019).

In 2018, Klöckner started the first version of their open industry platform, XOM
Materials. In contrast to the Klöckner & Co online shops, the industry platform is a
completely independent digital marketplace for steel, metal, and industrial products
and is open to direct competitors. XOMMaterials is controlled by external investors,
which guarantee the independence from Klöckner (Klöckner, 2019).

Moreover, Klöckner & Co founded two spin-off companies: Klöckner.i, based in
Berlin, taking care of all projects and initiatives relating to Klöckner & Co’s
digitalization, and Klöckner Ventures, a second spin-off company, investing in
B2B disruptive digital business models, using IOT solutions, and collaborating
with startups and venture capital funds (Klöckner, 2019). Klöckner also invested
in the development of AI, in alliance with Aera and Arago, two leading providers
of AI.

The clear strategy of Klöckner to become a digital disruptor in the steel sector is
not only challenged by its competitors but also by some giants of the e-commerce.
Nowadays, it is already possible to purchase industrial products on platforms like
Amazon Business and Alibaba.

The trend in the industrial sector is to experiment collaborative platforms and
ecosystems in order to exploit reciprocal advantage from the completion and syn-
chronization of their own database.

Another example in this sense is the project PRODISYS. The project is financed
by the German Federal Ministry of Education and Research (Bundesministerium für
Bildung und Forschung—BMBF) with a total volume of €3 million and runs to June
2020. The goal is to create a prototype of an industrial platform ecosystem, with
connected and combinable services for improved planning and coordination of
production and connected areas. In addition to the conceptual reorientation of
service systems for bundling and organizing services, the integration of system,
order, and production data is addressed. Both service integration and data integration
require appropriate models and digital representations. Implementation partners also
identify productivity factors and analyze the value-added flows based on the
resulting models. Such system could enable the networking of services and pro-
cesses among the partners involved, with important synergy effects, with a contin-
uous data exchange (Lehmann, 2018). Research partners are:

200 L. Tolettini and C. Lehmann



• Fortiss GmbH: coordinator of the consortium, it is the research institute of the
Free State of Bavaria for software-intensive systems and service (Fortiss, 2019).

• Friedrich-Alexander-University Erlangen-Nürnberg: with the chairs of business
informatics, Manufacturing Automation, and Production Systematics (FAU
Nürnberg, 2019).

• Center for Leading Innovation & Cooperation (CLIC).

Application partners are:

• Audi AG
• Continental Automotive GmbH
• Crossbar.io: an open source networking platform for distributed and microservice

applications
• SAP SE
• XENON Automatisierungstechnik GmbH: it develops and builds assembly lines

and inspection lines to automate the manufacture of mechatronic components

Industrial platforms are also affecting the way to manage and control circular
economy processes. Sfridoo is a startup and an example of a market platform for B2B
purchasing and selling of scrap materials, secondary raw materials, and by-products.

Beyond the publishing platform, it offers private messaging for communication
between companies and geolocalization about scrap materials. It has more than
140 registered companies and it offers additional digital tools to register, monitor,
and sell current and potential certified by-products (Sfridoo, 2019).

Industry 4.0 is pushing steel industry not only to become smart factories but also
to contribute to create smart industrial environments and smart cities. In the follow-
ing table, we tried to summarize the most used tools of Industry 4.0 and their
principal areas of application in the steel sector (Table 1).

POSCO, positioned in South Korea, is one of the biggest steel producer in the
world, with 37,000 employees and 41.6 million tons of steel (Posco, 2019). They
created a smart factory concept by developing a platform collecting big data, through
the use of numerous sensors, interpreted by AI processes (Ferneyhough, 2018). At
the same time, Posco is investing money in R&D to analyze which steel grades will
be used in the smart cities of the future. Construction materials will be recycled or
used in smaller quantities; buildings will be restored or rebuilt rather than being
constructed from scratch; high-strength steel materials will be increasingly used for
supertall buildings and super-long-span bridges in megacities; and steel content per
unit of construction investment is expected to decline (Hoon-sang, 2017).

5 Conclusions

Industry 4.0 is affecting the steel sector in three different ways: (1) from an
industrial, (2) from an organizational, and (3) from a market perspective.

The industrial perspective is the most natural way for steel industries to introduce
Industry 4.0 technologies. Steel industries have always invested in innovative
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technologies in order to produce at the best costs and in the most efficient way.
Technology innovation goes together with sustainable growth, as we clearly analyze
in the case of Feralpi. Industry 4.0 and sustainability are strongly correlated in the
steel business. With the legal constraints in the EU very stringent concerning
emissions and environmental impact, steel industries are obliged to employ the
Best Available Technologies in order to have less impact on the local community.
Digital technologies also give the possibility to steel producers to have a more
transparent and interactive communication with their stakeholders, which ignites a
sense of belonging and respect toward the best practices fulfilled, often with intense
economic effort, in the company.

Industry 4.0 has significant impact on the organization of steel industries. Man-
agers have to incentivize and support the staff in the acquisition of new competences
and in the process of cultural change, through the acceptance and assimilation of new

Table 1 Industry 4.0: perspectives from the steel sector

Goals Tools
Area of
application

1. Safety and comfort at the
workplace

Robotized labeling and sampling systems in
the steel plant and in the rolling mill

Advanced
manufacturing
solutions

2. Optimization of resources/
sustainable production
process

Use of simulation programs based on KPIs.
Use of advanced sensors and automation
integrating and adapting the production pro-
cess to the most performative outcome

Simulations,
IoT, machine
learning

3. Predictive maintenance Use of sophisticated sensors and self-
adaptive systems retrieving information of
possible breaks and breakdowns in machines

IoT, machine
learning, AI

4. Predictive quality/higher
product quality

Recognition of surface failure patterns on
final products with the help of sensors and
video cameras

IoT, big data
analytics

5. More effective training to
employees; enhanced safety

Use of visors and tablets visualizing infor-
mation for tasks and maintenance directly
near machines. Information about important
safety issues and alarms

Augmented
reality

6. Personalized service to
customers

Use of web portals and application to com-
municate directly with customers and make
the buying experience easier and more
comfortable

Cloud, horizon-
tal integration

7. New services to customers Assistance to customers in the digital trans-
formation of their company

Horizontal
integration

8. Integration in the supply
chain

Creation of industrial portals connecting data
and machines of different stakeholders
(supplier, producers, customers)

Horizontal and
vertical
integration

9. Open innovation Openness to innovation experience of other
sectors, making alliances with startups and
other disrupting emerging companies

Horizontal
integration

10. Shared business models Collaboration with companies of adjacent or
different sectors to employ by-products and
final products innovatively

Horizontal
integration
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ways of working. Industry 4.0 technologies are partially influencing the technical
assets of the company, while they are hugely affecting the knowledge of human
resources. The employ of Industry 4.0 technologies implies a considerable organi-
zational effort of rethinking and redesigning their factory not for the short-middle
term but for a long-term perspective, as if the company could always adapt itself to
the changing environment.

Finally, Industry 4.0 gives steel industries a new market perspective, intended as
new business opportunities and new fruitful cooperation in and outside the own
supply chain. As we could observe, the trend is to be more integrated to the business
partners to offer new services or more qualitative products, but at the same time to
collect new solutions from other perspectives, like from other industrial or even
non-industrial sector, in a logic of open innovation.

It will be certainly worth deepening the research on Industry 4.0 in the steel
sector, by looking for the concrete application beyond the trend and, at the same
time, by comparing best practices from other industrial businesses. Beyond the
economic profitability, sustainability could be an additional interesting perspective
to analyze the advantages and the challenges of Industry 4.0 in such a traditional but
fundamental sector, as steel business is.
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