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1. Introduction – Industry 4.0: from a political initiative to a managerial issue 

The term "Industrie 4.0" was first introduced in 2011 in Germany during the Hannover Fair, the 
world's largest industrial trade fair, by a working group headed by Henning Kagermann, the former 
CEO of SAP, and representatives from the German government, academia, and industry 
(Kagermann et al., 2013). The concept of Industry 4.0 (I4.0) emerged as a response to the growing 
need for increased productivity, efficiency, and competitiveness in manufacturing. It aimed to 
leverage emerging digital technologies to transform traditional industries and create a new era of 
smart, connected factories (Ghobakhloo, 2018). The German government initiated the "High-Tech 
Strategy 2020" in 2012 (now "2030 Vision for Industrie 4.0") to advance I4.0 and secure Germany's 
global leadership in advanced manufacturing (German Federal Government, 2016; Plattform 
Industrie 4.0, 2019). This concept not only marked technological progress but also held political 
significance in enhancing Germany's manufacturing engineering leadership (Kagermann et al., 
2013). Since then, I4.0 has become a global movement, with many countries and industries 
recognising the importance of digital transformation and advanced technology integration in 
manufacturing. Consequently, various countries have launched their own programs and initiatives 
to digitise production processes. Similar concepts have emerged worldwide, including "Les Busines 
du future" (Factories of the Future) in France, "High-Value Manufacturing" in the UK, "Fabricacion 
Avanzada" (Advanced Manufacturing) in Spain, "Fabbrica Intelligente" (Smart Factory) in Italy, 
"Manufacturing Renaissance" in the USA, and "Made in China 2025" in China. 
Despite significant political and industrial attention, I4.0 should not be viewed as a sudden 
revolution detached from previous industrial and technological advancements (Liao et al., 2017; 
Oesterreich & Teuteberg, 2016). Instead, it firmly builds upon the foundations laid by previous 
industrial revolutions (Culot et al., 2020), and it is further characterised by a high degree of 
digitalisation, interconnection, automation, virtualisation, and decentralisation across all industries 
(Bordeleau et al., 2020). Today, I4.0 continues to evolve, driven by advancements in technology, 
the increasing availability of data, and the need for companies to adapt to a rapidly changing global 
market (Nayernia et al., 2022). It represents a fundamental shift in the way industries operate, 
creating disruptions across the system, altering the value creation paths of the companies and 
sowing profound structural changes (Choi et al., 2022). However, the mere adoption of I4.0 
technologies may be a necessary but not sufficient condition to become competitive within 
emerging paradigms, thus calling for a socio-technical approach to the I4.0 phenomenon, where 
technological (I4.0 technologies) and social (business/organisational) aspects are seen as 
complementary and interdependent (Beier et al., 2020; Sony & Naik, 2020). In this vein, 
organisational theories and other extant models that try to explain how the socio-technical aspects 
interact by comprehensively considering the “ingredients” or building blocks (BBs) of a successful 
interplay are hard to find in the literature. Therefore, comprehensive and empirical research in this 
area is hindered by a partial approach to the topic (Nosalska et al., 2019). To address this gap, the 
thesis aims at investigating how I4.0 technology and organising can be strategically integrated to 
create sustainable value through the qualitative analysis of multiple case studies of incumbent 
companies belonging to different manufacturing sectors.  
Accordingly, this dissertation builds on the I4.0 definition of Culot et al. (2020, p.5) as an umbrella 
concept that does not concern a single radical invention but encompasses various “‘tech 
ingredients’ that are still evolving into new enabling technologies by convergence and mutual 
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combination” (Culot et al., 2020, p.5). Subsequently, by adopting a strategic and managerial 
perspective, the combination of technical innovations and organisational changes are holistically 
investigated and associated with – among others – significant transformations in business models 
(Agostini & Nosella, 2021), impacts on the management and organisation of the value chain 
(Ghobakhloo, 2020; Ramakrishna et al., 2020), effects on crucial contemporary trends such as 
sustainability (Ghobakhloo et al., 2021) and the need to minimise waste and inefficiencies by 
embracing a more effective circular economy approach (Teixeira & Tavares-Lehmann, 2023).  
This thesis summary is structured as follows. Section 2, by positioning the research within the 
technology and organising literature, identifies the three building blocks (BBs) contributing to an 
I4.0 strategic integration – competencies, business models, and sustainability. Section 3 outlines the 
research methodology, offering a roadmap of the study’s investigative approach. The results of the 
qualitative analysis are presented in Section 4 and discussed in Section 5. The thesis summary 
concludes by summarising the main findings, contributing to theory and practice, addressing 
limitations, and highlighting research opportunities. 
 

2. State-of-the-art – Industry 4.0 as a socio-technical system 
I4.0 is a multi-technology, multi-dimensional, and multi-stakeholder concept aiming to 
revolutionise manufacturing through digitalisation and explore the convergence of, and the interface 
and synergies among a bundle of cutting-edge technologies (Teixeira & Tavares-Lehmann, 2023). 
In the last decade, I4.0 has been studied in various literature streams with different perspectives, 
where the Engineering/Technology one is dominant and occurs more frequently in the literature, 
whereas the Business/Economic one represents a relatively more scarce and less explored viewpoint 
of analysis. Such a perspective differs from the more Engineering/Technology-focused strand as the 
issues under study are also different, concerning aspects such as business models, value chains, and 
human resources, among others (Teixeira & Tavares-Lehmann, 2023). In this vein, it is important to 
note that the research field evolved from a technology-oriented approach to one that significantly 
emphasises the organisational and managerial aspects, such as the link between digital 
transformation and value chains, the technologies underlying I4.0 and the impact of their use in 
business models, the link between I4.0, innovation and sustainability, the relationship between 
manufacturing industry, technology and SMEs, and the implications of I4.0 for human resources 
management (Agostini & Nosella, 2021; Ghobakhloo et al., 2021; Teixeira & Tavares-Lehmann, 
2023). From this perspective, I4.0 offers novel technologies that, in isolation, are insufficient for 
sustainable value creation; instead, their strategic implementation is essential to fully leverage their 
potential (Bittencourt et al., 2021). In fact, recent studies have shown that the mere adoption of I4.0 
technologies may be a necessary but not sufficient condition to become competitive within 
emerging paradigms: to this end, such studies suggested that the I4.0 phenomenon needs to be 
increasingly framed as a socio-technical system, where technological (I4.0 technologies) and social 
(business/organisational) aspects are seen as complementary and interdependent (Beier et al., 2020; 
Sony & Naik, 2020). Framing I4.0 into a socio-technical system means considering the complex 
interaction between these aspects in pursuing a common goal and the critical interdependence of 
such aspects that, if not jointly optimised, results in systems with limited effectiveness (Sony & 
Naik, 2020; van Eijnatten, 2013).  
Regardless of the number or novelty of I4.0 technologies, their deployment alone does not lead to 
revolutionary changes (Nosalska et al., 2019). Introducing new technologies is innovative but not 
equivalent to full I4.0 implementation, which entails comprehensive business changes enabled by 
digital technologies and accompanied by holistic company-wide transformations (Ghobakhloo, 
2018). Considering Bharadwaj et al.'s perspective (2013) that a digitisation strategy evolves into a 
"digital business strategy," effective I4.0 implementation requires strategic-level changes 
(Bharadwaj et al., 2013). In this vein, I4.0 encompasses a wide range of interconnected technical 
(technologies, systems, solutions) and business (business models, value chains, strategic orientation, 
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organisational changes) aspects that are interdependent, and their combined effect on companies 
should be seen as the influence of a complex set of intertwined factors. In essence, I4.0 
implementation should be regarded as a “bundle of technical innovations and organisational 
changes that form a strategic conjunction” (Nosalska et al., 2019, p.856). 
However, four issues emerge from the analysis of the literature. First, organisational theories and 
other extant models that try to explain how the socio-technical aspects interact by comprehensively 
considering the “ingredients” or building blocks (BBs) of a successful interplay are hard to find in 
the literature. In this sense, comprehensive and empirical research in this area is hindered by a 
partial approach to the topic (Nosalska et al., 2019). Second, empirical evidence, especially 
regarding how a successful strategic interaction between technology and organising occurs in niche 
and traditional sectors where small and entrepreneurial companies operate, remains limited (Veile et 
al., 2019). Third, for incumbent companies, the integration of I4.0 into existing systems and 
business models can be challenging due to various technological, social and managerial factors 
(Ehrlich et al., 2015; Guerreiro et al., 2018), thus requiring further investigation. Finally, the cost of 
I4.0 implementation may hinder its adoption, especially when I4.0 triple-bottom-line implications 
(i.e. economic, environmental and social) are still uncertain due to limited studies in this young 
research field (Veile et al., 2019). Thus, further research is essential to fully understand the 
implications and potential benefits of implementing I4.0 for organisations not only from a 
technological viewpoint but especially from a managerial one.  Overall, by adopting a socio-
technical system perspective of I4.0, the main gap highlighted in the literature is how the strategic 
integration – formed by a bundle of technological innovations and business/organisational changes 
(Nosalska et al., 2019) – occurs especially in incumbent companies aiming at creating long-term 
economic, social, and environmental value. In this context, the need for strategic-level changes and 
comprehensive business transformations to fully implement I4.0 implies that investments in 
technology and organisational changes should align coherently and contemporaneously to achieve 
the desired outcomes (Bailey et al., 2022). On the basis of all these considerations, the following 
overarching research question was developed: How can (I4.0) technology and organising be 
strategically integrated to create sustainable value? 
To answer this question, a literature review has been conducted in order to identify the main 
building blocks (BBs) contributing to the successful strategic integration of I4.0 technologies that 
jointly optimise the socio-technical system. Overall, previous studies that analysed the main trends 
and state of the art in the literature of I4.0 from the perspective of technology and organising in 
manufacturing identified the following BBs: Competencies (BB1), Business model (BB2), 
Sustainability (BB3). 
Figure 1 shows the research framework that will guide the dissertation.  

 
Figure 1 – Research Framework 
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First, sub-research questions have been developed for each BB based on the conducted literature 
analysis. Second, the research methodology is illustrated. Finally, results for each BB are presented 
and discussed in relation to the research framework. 
 

2.1 BB1 – Competencies 
The linkage between the adoption of digital technologies, skills, and employment has been the 
object of an intense and long academic debate, which has gained renewed vigour with the 
emergence of a new set of interconnected technologies. The breadth of the application of these 
technologies in production and product development processes entails a high level of complexity in 
their adoption and integration process (Veile et al., 2021). Studies concur that transitioning to 
digital technologies and related solutions demands substantial simultaneous changes in a company's 
organisational and management structure to achieve sustained improvements in efficiency, quality, 
and productivity, as compared to traditional production assets (Nosalska et al., 2019; Schumacher et 
al., 2016). Simply implementing I4.0 technologies is insufficient to transform production processes 
comprehensively. To achieve a successful systemic transformation, companies must also develop 
new competencies for effectively utilising digital tools and must transform professional practices 
and organisational culture (Dohale et al., 2023; Fareri et al., 2020).  
Therefore, several authors emphasise the need to analyse the organisational changes introduced by 
I4.0 in terms of the new competencies that should complement its technological adoption (Nosalska 
et al., 2019; Oesterreich & Teuteberg, 2016; Ortt et al., 2020; Ostmeier & Strobel, 2022; Teixeira & 
Tavares-Lehmann, 2023). While previous studies acknowledged the importance of linking 
competencies with new technology adoption (Vakola et al., 2007), companies often struggle to 
recognise the feasibility of investing in digital technologies and assessing the required skill set in 
relation to their current range of products and services (Kipper et al., 2021). This challenge is vital 
for supporting the socio-technical integration necessary for business competitiveness (Ostmeier and 
Stobel, 2022; Oesterreich and Teuteberg, 2016). In this regard, effective technology adoption for 
digital transformation not only relies on increased internal technical expertise but also on 
management's understanding of opportunities and managerial challenges (Shet & Pereira, 2021; 
Sousa & Rocha, 2019). 
However, despite the growing attention on job and skill changes brought about by I4.0, research in 
this domain is still limited (Moldovan, 2019), and the results from previous I4.0 studies reveal a 
significant gap between theory and practice concerning the competencies and skills needed for I4.0 
(Campion et al., 2020; Shet & Pereira, 2021). While the current state of the art primarily 
concentrates on building models to evaluate the companies’ digital maturity, there is an urgent need 
to understand the impact that I4.0 technologies have on the workforce (Fareri et al., 2020) in 
relation to the strategic intent with which these technologies have been adopted. 
Thus, several issues remain unexplored. First, clearer boundaries should be established within the 
broad I4.0 cluster based on the technological characteristics, the strategic intent with which a 
company invests and uses I4.0 technologies, and the diversity of industrial and competitive contexts 
in which firms operate. Second, it is still difficult to ascertain whether it is I4.0, as a whole, that 
requires an upskilling of the workforce or, instead, a subset of technologies within it. Third, it is not 
clear whether I4.0 technologies require a selective upskilling of only part of the workforce or a 
more holistic upskilling. Fourth, while some studies suggest that small and medium enterprises may 
be disadvantaged in their ability to benefit from I4.0 technologies, there is a lack of empirical 
studies on how firm size plays a role in adopting different I4.0 technologies and the relative 
upskilling of the workforce. On the basis of all these considerations, the following sub-research 
question of BB1 has been developed:  
RQ.BB1 – Which configurations of I4.0 technologies and strategic intent are associated with 
changes in organisational competencies, and how are they characterised?  
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2.2 BB2 – Business model 
In the context of I4.0 as a socio-technical system, effectively leveraging I4.0 technologies is a 
critical concern (Bittencourt et al., 2021) because of their profound impact on companies' behaviour 
and strategies, resulting in significant transformations in product designs, manufacturing processes, 
operations, and services (Rußmann et al., 2015). 
Indeed, I4.0 technologies are disrupting the way in which firms conduct their business (Caputo et 
al., 2021), opening up new opportunities for value creation, delivery, and capture (Lanzolla et al., 
2020), thus enabling business model innovation (Remane et al., 2017; Tahiri, 2022; Teece, 2010), 
or in case of incumbent companies, business model adaptation (Casadesus-Masanell & Zhu, 2013; 
Cozzolino & Rothaermel, 2019; Zott et al., 2011). I4.0 technologies are emphasised for their 
potential to revolutionise two key aspects of the business landscape (Björkdahl & Holmén, 2019; 
Sahut et al., 2020). Firstly, they can profoundly change the logic behind offering value to 
customers, and secondly, they can redefine how value creation occurs, not only within the company 
but increasingly encompassing the interconnected network of relationships that a company 
possesses (Agostini & Nosella, 2021).  
However, despite the significant potential for gain, companies often grapple with a digitalisation 
paradox: they invest in digital technologies but struggle to achieve the expected outcomes (Ancillai 
et al., 2023; Gebauer et al., 2021; Kohtamäki et al., 2019; Volberda et al., 2021). Notably, it's not 
just the technologies themselves but also the distinctive features of interconnectivity and data 
sharing/management that significantly impact the value creation process (Kraus et al., 2022). 
However, despite the wide availability of digital technologies, gaps related to a strategic vision of 
digital connectivity persist, as digital connectivity itself is simply an exchange of data (Shi et al., 
2020). For traditional B2B companies, this transition and its value creation potential pose 
difficulties, requiring broader strategic actions, multiple interventions, and time for a successful 
transition (Li et al., 2020). While it's crucial for traditional businesses to strategically leverage 
digital connectivity for holistic digital transformation, it is still unclear how traditional businesses 
create value from it in a sustained way, being such companies often forced to deal with conflicts 
and trade-offs between existing (physical) and new (digital) ways of doing business (Verhoef et al., 
2021). Moreover, there is a need to refine our understanding of the multifaceted I4.0 phenomenon 
and explore the practical and theoretical implications of digital connectivity from a value creation 
perspective(Kraus et al., 2022; Miehé et al., 2022; Verhoef et al., 2021).  
Consequently, the focus is on digital connectivity, which is argued to affect the strategic responses 
of companies to redefine value creation paths (Holopainen et al., 2023), but the logic and the 
mechanisms that sustain them over time have been less studied (Bresciani et al., 2021; Vial, 2019). 
An in-depth investigation is necessary to understand how value creation, as driven by digital 
connectivity, can be sustained in the long term, considering that the manufacturing strategies are 
closely linked to a traditional supply chain logic and industry structure (Achtenhagen et al., 2013; 
Remane et al., 2017; Subramaniam et al., 2019). 
Thus, it is necessary to gain further insights into the new forms of value creation in B2B 
relationships driven by an enhanced level of connectivity given by digital technologies and how this 
value creation is developed in traditional industries. On the basis of all these considerations, the 
following sub-research question of BB2 has been developed: 
RQ.BB2 – How do companies of traditional industries leverage the digital connectivity of I4.0 
technologies with their customers for developing new forms of sustained value creation? 
 

2.3 BB3 – Sustainability 
Since the first industrial revolution in the 18th century, the world has faced the challenge of meeting 
increasing consumption demands while conserving limited and depleting natural resources and 
mitigating negative environmental and social impacts (Beier et al., 2020; Müller et al., 2018). In 
response, I4.0's implications for sustainable development have gained widespread attention, 
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focusing on the triple bottom line framework, sustainable business models, and the circular 
economy (Khan). Embracing sustainable practices is essential for driving innovative business 
processes aimed at achieving sustainability through circular economy strategies like narrowing, 
slowing and closing the resource loop (Geissdoerfer et al., 2017b; Khan et al., 2021). These 
practices are recognised as vital drivers of competitiveness (Bocken et al., 2014), fostering 
comprehensive sustainable development (Suárez-Eiroa et al., 2019). 
The global trend towards sustainability highlights the challenge of managing pollution and waste 
generated by mature and complex industries, particularly in developed countries with saturated 
markets for durable goods (Cardamone et al., 2021). The Circular Economy (CE) emerges as an 
appropriate solution (Ellen MacArthur Foundation, 2013) for aiming to close the Product Life Cycle 
(PLC), reduce pollutant emissions, and maximise the utility and value of products (Elia et al., 
2017), thereby decoupling economic development from negative environmental consequences 
(Geissdoerfer et al., 2017a).  Among the CE strategies, remanufacturing stands out as an 
environmentally favourable approach compared to other value recovery options (Goodall et al., 
2014). It extends resource use over a product's life cycle by redefining the concept of "end-of-life" 
(Sundin & Bras, 2005; Vogt Duberg et al., 2020) and preserves not only materials but also the 
'embodied energy' from initial manufacturing processes (Goodall et al., 2014; Linder & Williander, 
2017). However, two main issues arise. 
First, the remanufacturing potential has been hindered by the absence of integrated approaches 
across various business domains (Jensen et al., 2019; Omwando et al., 2018; Sakao & Sundin, 
2019) to catalyse successful remanufacturing efforts, especially in mature and complex industries 
such as the electrical and electronic equipment (EEE) industry, which generates highly polluting 
waste known as WEEE (waste of electrical and electronic equipment) which is projected to reach 
almost 75 million tonnes by 2030 (Forti et al., 2020). Thus, the remanufacturing market remains 
relatively small, with a remanufacturing ratio of 1 to 50 (Bressanelli et al., 2020; Govindan et al., 
2019; Sarkar et al., 2022). This raises questions about whether the potential triple-bottom-line 
benefits of remanufacturing have been fully grasped (Bressanelli et al., 2021). Finally, both 
academic and practical literature increasingly call for concrete examples, especially with a sector-
specific approach (van Loon et al., 2022). 
Second, most circular economy solutions primarily focus on the micro level, which involves 
individual companies or products, rarely considering the meso level, which encompasses industrial 
symbiosis and eco-industrial parks, and hardly analysing the macro level, which extends to cities, 
regions, nations, and international contexts (Ghisellini et al., 2016; Liu et al., 2019; Scarpellini et 
al., 2019). The effective actions required to promote circular economy solutions depend on a blend 
of factors across these levels, encompassing technological constraints, market structures, local 
demands, policy initiatives, regulations, and legislation. Achieving systemic change in high-
polluting sectors necessitates strategies for upscaling circular economy models at the macro level. 
Despite the recognised environmental, economic, and social benefits of remanufacturing, this 
industry remains relatively small in scale and scope, with limited research attention(Bressanelli et 
al., 2019; Gallo et al., 2012; Goodall et al., 2014). Additionally, prior studies have emphasised the 
importance of expanding research on circular business models to adopt an ecosystem perspective 
that involves multiple stakeholders rather than focusing solely on a company-centric viewpoint 
(Alblooshi et al., 2022; Kanda et al., 2021; Tapaninaho & Heikkinen, 2022). 
To address these challenges in a timely manner, both academic and practical literature increasingly 
call for concrete examples that embrace a systemic and holistic perspective while exploring 
interconnected remanufacturing mechanisms needed for triple-bottom-line benefits and their 
scalability (Bressanelli et al., 2021). On the basis of all these considerations, the following sub-
research question of BB3 has been developed:  
RQ.BB3 – How can remanufacturing practices be effectively implemented and scaled up to attain 
comprehensive triple-bottom-line benefits within mature and complex industries that generate 
highly polluting waste? 
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Following the identification of these BBs with their associated gaps and the development of sub-
research questions, mixed qualitative research has been conducted to address the "how" questions. 
 

3. Research methodology: mixed qualitative approach 
The qualitative research methodology is an interpretive and naturalistic approach to the study of 
people, cases, phenomena, social situations and processes in their natural environment (Yilmaz, 
2013), whose research process is exploratory and inductive (Ochieng, 2009). Among the various 
qualitative methodologies, this thesis adopts a qualitative comparative analysis (QCA) (Ragin, 
1987, 2008) mixed with a case study approach (Yin, 2016). 
QCA is a configurational, case-oriented methodology that combines case-based research with 
Boolean algebra and set theory to allow systematic and formalised cross-case comparisons (Ragin, 
1987). QCA is suitable for investigating the association between certain configurations of causal 
conditions and the associated outcomes, as it conceives of cases as configurations of conditions, 
identifying whether some of these configurations are more consistently associated with an outcome 
of interest. 
Case study methodology is considered appropriate when dealing with situations where there are 
numerous features of interest and where new phenomena are investigated, posing “how” or “why” 
questions (Denzin & Lincoln, 2017; Yin, 2016). It enables a careful inquiry to be made and an 
understanding to be achieved of both the complexity and the nature of the phenomenon under 
analysis (Voss et al., 2002). Case studies can contribute to theory development and enhancement 
because they have the benefit of being rich and empirical in describing a particular instance of a 
phenomenon, placing emphasis on the realistic context in which it occurs, and allowing an inductive 
approach to be adopted in order to derive implications for theory in a specific field (Eisenhardt, 
1998).  
 

3.1 Empirical research setting: traditional manufacturing sectors 
The 26 companies considered in this thesis were selected for a large research project (in 2019) 
funded by the Italian Ministry of Labour and Social Policies. The sample was chosen in a strategic-
qualitative manner rather than a quantitative one, and it consists of small and entrepreneurial 
companies operating in niche and traditional sectors, where the implementation of I4.0 implies that 
investments in technology and organisational changes should align coherently and 
contemporaneously to achieve the desired outcomes. 
 
Table 1 – Overview of the companies   

Company 
ID NACE code Employees 

(2022) 
Turnover 

(2022) in M€ Industry 4.0 technologies 

Qualitative Mixed 
Method Case study Case study 

QCA In-depth 
case study 

Multiple 
case study 

Single 
longitudinal 
case study 

Alpha 
24.10 Manufacture of basic 
iron and steel and of ferro-

alloys 
1000+ 250 - 1000 M€ AI, Sensors, IoT X X   

Beta 26.30 Manufacture of 
communication equipment 51-100 5 - 10 M€ AI, ERP, 3D simulations X    

Gamma 46.43 Wholesale of electrical 
household appliances 51-100 10 -25 M€ Data Analysis, RFID, System 

integration (CRM, ERP) X X  X 

Delta 20.59 Manufacture of other 
chemical products n.e.c. 10-50 10 -25 M€ 

AI, ML, Sensors, System 
integration (CRM, ERP, 

MES, WMS) 
X    

Epsilon 
25.50 Forging, pressing, 

stamping and roll-forming of 
metal; powder metallurgy 

101-250 25 - 50 M€ Sensors, MES, 3D simulation X  X  

Zeta 43.21 Electrical installation 10-50 5 - 10 M€ 
PLM, Additive 

Manufacturing, 3D 
simulation 

X    
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Eta 
28.15 Manufacture of 

bearings, gears, gearing and 
driving elements 

1000+ 250 - 1000 M€ 
AI, ML, Big Data, RFID, 

IoT, MES, Digital Twin, AR, 
VR 

X  X  

Theta 70.1 Activities of head offices 251-1000 50 - 100 M€ 
IoT, System integration 
(ERP, MES, PLM), 3D 

simulation 
X X X  

Iota 35.14 Trade of electricity 1000+ > 1000 M€ AI, ML, Big Data, Sensors, 
IoT, Digital Twin, AR, VR X    

Kappa 18.12 Other printing 251-1000 50 - 100 M€ ML, IoT, Digital Twin, AR X    

Kappa2 81.21 General cleaning of 
buildings 1000+ 50 - 100 M€ 

AI, Cloud platform, System 
integration (MES, TMS, 
WMS), Laser scanner 3D 

Scan to BIM 

X    

Lambda 25.72 Manufacture of locks 
and hinges 101-250 25 - 50 M€ 

Sensors, System integration 
(ERP, MES, PLM), 3D 

simulation 
  X  

Mu 28.22 Manufacture of lifting 
and handling equipment 101-250 10 - 25 M€ 

AI, Cloud platform, IoT, 
System integration (ERP, 
MES), AR, 3D simulation 

X    

Nu 
32.50 Manufacture of medical 

and dental instruments and 
supplies 

1000 100 - 250 M€ Sensors, IoT, Additive 
Manufacturing, Digital Twin X    

Xi 
32.50 Manufacture of medical 

and dental instruments and 
supplies 

51-100 50 - 100 M€ AI,  System integration 
(CRM, ERP, WMS) X    

Omicron 16.10 Sawmilling and planing 
of wood 10-50 5 - 10 M€ 

Data Analytics, Sensors, 
System integration (ERP, 

MES) 
X    

Pi 
10.39 Other processing and 

preserving of fruit and 
vegetables 

101-250 100 - 250 M€ Data Analytics, Sensors X    

Rho 
28.99 Manufacture of other 
special-purpose machinery 

n.e.c. 
101-250 25 - 50 M€ Data Analytics, Sensors, VR X    

Sigma 14.1 Manufacture of wearing 
apparel, except fur apparel 101-250 25 - 50 M€ PGS, Digital Twin X X   

Tau 62.01 Computer programming 
activities 10-50 < 5 M€ AI, Cloud (SaaS), IoT, 

System integration X    

Upsilon 18.12 Other printing 51-100 10 -25 M€ Data Analytics, System 
integration X    

Phi 10.85 Manufacture of 
prepared meals and dishes 251-1000 50 - 100 M€ Sensors, System integration 

(CRM, ERP, MES) X    

Chi 
30.30 Manufacture of air and 

spacecraft and related 
machinery 

10-50 <5.000.000 3D simulation X    

Psi 21.20 Manufacture of 
pharmaceutical preparations 101-250 25 - 50 M€ AI, ERP X    

Omega 38.21 Treatment and disposal 
of non-hazardous waste 51-100 5 - 10 M€ AI, Cloud platform, IoT, 

System integration (CRM, ERP) X    

Omega 2 28.22 Manufacture of lifting 
and handling equipment  

251-1000 250 - 1000 M€ 
RFID, Sensors, IoT 

System integration (ERP, 
PDM), Digital Twin, VR 

X    

 
These incumbent companies, belonging to different manufacturing sectors (automotive, textile and 
apparel, metal and steel, electrical and electronics, among others), traditionally operated with legacy 
business models, have been immersed in an enforced restructuration process driven by I4.0 and the 
transition toward sustainable business models (Skellern et al., 2017).  
I4.0 significantly impacts companies' competitiveness by facilitating seamless machine 
interconnection and real-time data sharing both within and between firms while also displacing 
technologically outdated industrial parks (Munirathinam, 2020). In traditional manufacturing 
sectors, strategies are closely linked to a supply chain logic, because competitiveness is still based 
on the delivery of physical goods rather than on digitally mediated transactions, and the prevalence 
of physical infrastructures (rather than digital platforms) combined with complex supply-chains 
requires a higher level of investment in new technologies (Bresciani et al., 2021; Caputo et al., 
2021). In this context, incumbent companies are often forced to deal with conflicts and trade-offs 
between traditional (physical) and new (digital) business approaches (Verhoef & Bijmolt, 2019). 
Indeed, transitioning from traditional industry, where brownfield sites and legacy machines 
predominate, to I4.0 technologies and practices requires a comprehensive operational overhaul 
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(Ghobakhloo, 2018). Brownfield sites encompass machines and technologies coming from different 
vendors that are discontinued or no longer updated and were partially replaced by other 
technologies (Guerreiro et al., 2018). As such, replacing old plants with a new-generation plant 
designed for I4.0 is economically and timely inconvenient and technically challenging, thus 
requiring an upgrade in both the technical and the social components of the system (Beier et al., 
2020; Ehrlich et al., 2015). 
The shift towards an I4.0 paradigm also encourages the adoption of sustainable business models 
aligned with social and environmental objectives (Lopes de Sousa Jabbour et al., 2023; Rosa et al., 
2020). While industrial activities play a crucial role in the European economy by supplying 
essential goods and jobs, they exert significant environmental pressure, mainly through emissions, 
waste generation, and resource consumption (European Environment Agency, 2023). As a response 
to these challenges, the concept of the circular economy, which envisions a society thriving by 
reducing waste and repurposing discarded materials for production, has gained global momentum 
among policymakers, businesses, and academics as a key step towards sustainability (Centobelli et 
al., 2020). This issue is particularly relevant in mature and complex industries, which produce 
highly-polluting waste and can benefit significantly from adopting circular practices (Blomsma et 
al., 2019). For example, the electrical and electronic equipment (EEE) sector, known for generating 
highly-polluting waste (WEEE - waste of electrical and electronic equipment), could substantially 
reduce its environmental impact through remanufacturing (Blomsma et al., 2019). According to 
Forti et al. (2020), the total value of raw materials in WEEE is estimated at approximately 55 billion 
euros. However, less than 20 per cent of total WEEE is properly collected and recycled worldwide, 
and implementing circular economy practices in the WEEE industry remains a challenge for 
companies, organisations, and governments. Consequently, realising the potential environmental, 
social, and economic benefits of effective remanufacturing practices in the WEEE industry is still in 
its early stages. 
 

3.2 Cases selection 
According to the purpose of each BB, different cases have been selected among the 26 companies 
in Table 1. 
 
Table 2 – Selection of the cases according to the purpose of each BB. 

BB RQ Methodology Cases Selection principles 

1 

Which configurations of I4.0 
technologies and strategic intent are 

associated with changes in 
organisational competencies and 

how are they characterised? 

Qualitative 
Comparative 

Analysis 
(QCA) 

25 cases 

Literal replication logic (Yin, 2016): to cover a 
sufficiently wide range of sectors and capture the 

diversity in the effect of technology on the 
organisational structure and operating model of 

companies (Patton, 1990). 

In-depth case 
study 

4 cases: 
Alpha, 

Gamma, 
Theta, Sigma 

Representativeness of the cases to qualitatively 
investigate the mechanisms and characterisations of 
the changes in organisational competencies that I4.0 

technologies bring about, based on the strategic intent 
of firms (Marshall, 1996) 

2 

How do companies of traditional 
industries leverage digital 

connectivity of I4.0 technologies 
with their customers for developing 

new forms of sustained value 
creation? 

Multiple case 
studies 

4 cases: 
Epsilon, Eta, 

Theta, 
Lambda 

Theoretical sampling: appropriateness of the four 
cases selected to highlight and extend the 

relationships and logic among constructs and to 
ensure external validity (Eisenhardt & Graebner, 

2007; Stuart et al., 2002). 

3 

How can remanufacturing practices 
be effectively implemented and 

scaled-up to attain comprehensive 
triple-bottom-line benefits within 

mature and complex industries that 
generate highly polluting waste? 

Single 
longitudinal 
case study 

1 case: 
Gamma and 

its Second-life 
project 

Revelatory case study: not only representative but 
also with useful variation on the theoretical 

dimension (Seawright & Gerring, 2008). 
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4. Main findings 
 

4.1 BB1 Competencies – Which configurations of I4.0 technologies and strategic intent are 
associated with changes in organisational competencies, and how are they characterised? 
The adoption of a mixed method analysis to investigate the sub-research question of BB1 allows to 
break new ground on (i) the configurations of I4.0 technologies and strategic intent associated with 
changes in organisational competencies (QCA) and (ii) the nature of the complementarities 
underlying the configurations and how are changes in organisational competencies characterised 
(longitudinal case study analysis). 
Two QCA have been performed to understand the configurations of high/low skill demand in 
professional-operational roles (first QCA) and frontline-managerial roles (second QCA). The 
finding implies that different pathways can lead to high/low skill demand in professional-
operational and frontline-managerial roles, but individual paths related to the strategic intent with 
which investments in I4.0 technologies are pursued are different in terms of empirical importance 
and effectiveness. The comparison and analysis of the most empirically relevant socio-technical 
configurations of I4.0 technologies and strategic intent associated with high skill demand in 
organisational competencies assumed by the 25 Italian companies led to the three main 
configurations discussed in the following.  
Results of the first configuration show how the implementation of virtualisation technologies with 
the aim of digitalising product development in engineering-to-order manufacturing contexts 
produces skill changes in professional-operational roles and frontline-managerial roles. 
Drawing from the empirical evidence provided by Sigma, it is possible to extend the discussion by 
generalising the emergence of two key aspects. First, virtualisation technologies applied to product 
development enable the blending of digital representations of products with their physical 
counterparts. This implies that product design, prototyping, and testing can occur virtually, bridging 
the gap between the digital and physical aspects of production. As a result, engineering-to-order 
manufacturers can create and iterate on designs in a digital space before transitioning to physical 
manufacturing, thus reducing the need for extensive physical prototyping and testing, leading to 
cost and time savings. This is possible when product development specialists possess 
domain/technical knowledge (i.e., the cutting and seam process management, as well as the creation 
of the dress), as well as new software skills, giving rise to the new role of digital artisans. 
Furthermore, the more collaborative and interaction-based relationship between product 
development specialists and the designers of major clients drives greater autonomy in managing 
customer requirements in product development. 
Second, virtualisation technologies facilitate more frequent feedback loops in the production 
process. This likely refers to the ability to quickly adjust and modify designs based on real-time 
feedback from customers and stakeholders. The virtual nature of the designs enables quicker 
iterations and adjustments, promoting a higher level of customisation and responsiveness to 
customer requirements. Additionally, the development of new customer service models could 
involve providing customers with virtual simulations or prototypes to gather feedback and make 
refinements before finalising the design. This is possible when frontline-managerial roles are 
capable of managing the increased complexity stemming from the multitude of customers, models, 
garments, sizes, external manufacturers, and suppliers. While the use of new technologies initially 
led to increased task complexity, it has significantly simplified individual function processes, 
reduced inaccuracies and rework, and improved overall company operations across diverse 
functional areas. 
On the basis of all these considerations, the following proposition was developed: 
Proposition 1: In engineering-to-order manufacturing contexts, the demand for skills is driven by 
virtualisation technologies, where the operational line blends digital representations of products 
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with their real and physical counterparts, and the intermediate line manages more frequent 
feedback loops and the development of new customer service models.  
Findings from the second configuration show how implementing artificial intelligence and data 
analytics and interoperability and process integration technologies in batch or continuous flow 
production produces skill changes in professional-operational roles and frontline-managerial roles. 
Drawing from the empirical evidence provided by Alpha and Theta, it is possible to extend the 
discussion by generalising the emergence of two key aspects. First, there is a demand for skills in 
intermediate and managerial profiles tasked with directing and operating innovation sites related to 
data analytics and AI. In the context of digital transformation, companies need professionals who 
can strategize, implement, and manage the integration of data analytics and AI technologies into 
their production processes. These individuals are responsible for overseeing the use of advanced 
analytics tools, interpreting data, making informed decisions, and driving innovation within the 
organisation. They ensure that the collected data is effectively analysed and utilised to optimise 
processes and enhance productivity. 
Second, the demand for skills in professional-operational roles is highlighted in cases where there is 
a high degree of datafication of production activities and significant investments in AI and data 
analytics technologies. These roles involve working directly with the technology systems, sensors, 
and data analytics tools to ensure that data is collected accurately and that insights are extracted 
effectively. Individuals in these roles are responsible for managing the equipment, setting 
parameters, troubleshooting issues, and ensuring the smooth operation of the data-driven production 
processes. 
The proposition underscores that the demand for skills varies based on the level of technology 
integration and datafication. In industries characterised by batch or continuous flow production, 
where processes are well-established, the demand for skills is particularly pronounced when 
companies heavily invest in AI and data analytics technologies to optimise their production 
activities. This investment drives the need for individuals who can effectively manage and operate 
these technologies. 
These companies have experienced shifts in roles and responsibilities, with a greater emphasis on 
data analysis, automation management, and decision-making. The demand for skills in frontline-
managerial roles has increased to oversee the integration of data analytics and AI, while 
professional-operational roles are crucial for managing the actual implementation of these 
technologies. 
On the basis of all these considerations, the following proposition was developed: 
Proposition 2: In batch or continuous flow productions, the demand for skills concerns 
intermediate/managerial profiles tasked with directing and operating innovation sites in data 
analytics and AI. The demand for skills in technical/operational roles is high only in cases of high 
breadth and depth (degree of datafication of production activities) in the level of investments in AI 
and data analytics technologies for production activities. 
Results from the third configuration show how the implementation of artificial intelligence and data 
analytics technologies with the purpose of digitalising the services in material service sectors 
produces skill changes in professional-operational roles. 
Drawing from the empirical evidence provided by Gamma, it is possible to extend the discussion by 
generalising the emergence of two key aspects. The operational line, encompassing roles directly 
involved in data management, data analytics, and logistics, experiences the greatest impact. The 
need to manage large volumes of data and enhance operational efficiency through analytics results 
in changes in both the behavioural and functional competencies of these roles. New roles like Data 
Architects emerge, requiring a blend of IT expertise, domain knowledge, and technical skills 
specific to product categories. The increased complexity in data management and logistics has led 
to significant changes in operational line roles. These roles have transitioned to incorporate data-
driven decision-making, collaboration, and analytics skills. 
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Whereas frontline-managerial roles undergo less immediate skill transformation. These roles might 
not be as directly impacted by the changes brought about by digital technologies until the company 
develops services that represent substantial innovation in their business models. This suggests that 
while these roles may not experience immediate changes, they might play a pivotal role when 
digital transformation leads to the introduction of novel business approaches. 
On the basis of all these considerations, the following proposition was developed: 
Proposition 3: In material services sectors, the demand for skills is driven by AI and Data Analytics 
technologies and concerns the operational line and techno-structure (data-related roles). 
Intermediate/managerial roles are less involved in the skills transformation process until 
companies develop services that represent a significant innovation in their business models.  
 

4.2 BB2 Business Model – How do companies of traditional industries leverage the digital 
connectivity of I4.0 technologies with their customers for developing new forms of sustained 
value creation? 
The results of multiple case studies allow to explore how companies of traditional industries 
leverage digital connectivity with their customers for developing new forms of sustained value 
creation. Based on the framework of Achtenhagen et al. (2013), the study analyses and reinterprets 
the strategizing actions and critical capabilities configured by suppliers to achieve and maintain 
sustained value creation. The findings confirm that in traditional industries, new forms of value 
creation driven by digital connectivity involve a combination of (i) delivering integrated 
personalised and innovative product/service solutions, (ii) engaging in value co-creation processes 
with customers, and (iii) enhancing information transparency and real-time data sharing. More 
importantly, this study shows that manufacturers are assimilating and scaling up their digital-related 
capabilities to transform their business models by aligning critical capabilities and strategizing 
actions for these new forms and combining a change in the governance of transactions with 
customers to make this value creation sustained, and not only successful – thus leveraging digital 
connectivity both at the firm and B2B relationship level. 
The analysed case studies exhibit similar patterns concerning the role that digital technologies play 
in creating new ways of connecting suppliers and customers. These encompass the use of virtual 
simulation and digital twins for real-time prototype development, as well as MES systems designed 
to connect and integrate all the equipment present on the shop floor and collect, manage, and share 
any production data. More importantly, the analysis reveals that digitalisation and connectivity in a 
B2B relationship go beyond merely creating the simple availability of information about production 
activities. Instead, digital connectivity empowers companies to offer new and more complex 
products that integrate multiple technologies. While several works have considered the importance 
of merging new players in the integration of these technologies for value creation or in the creation 
of new routines that go beyond the traditional supply chain, the results show that these products can 
still be co-created with the customer, leveraging the well-established relationships while benefitting 
from the increased transparency and the diffused data sharing, which establish mutual trust and 
more collaborative governance of the buyer-supplier dyad. The results support the viewpoint of 
Bresciani et al. (2021) that the strategic leveraging of digital technologies to enhance connectivity 
in a firm’s survival and value creation in the long term is still based on investments in traditional 
mechanisms of innovation, learning, and interdependence with strategic partners. The resulting new 
business models entail a value creation that happens over multiple dimensions, and imitation is 
difficult and costly for competitors. This point is fundamental in light of the previous studies that 
investigate companies’ activities in revising business models thanks to the digital connectivity with 
network stakeholders for successful value creation while overlooking the importance of this to be 
sustained.  
To this aim, results show that aligning the new forms of value creation enabled by digital 
connectivity is of critical importance to do it in a sustained way – at the level of the individual firm 



 13 

as well as the B2B relationship. Drawing from the framework of Achtenhagen et al. (2013) on 
sustained value creation, this study shows that leveraging digital connectivity requires a 
reinterpretation of the strategizing actions and critical capabilities configured by suppliers. 
Concerning strategizing actions, digital technologies are shown to allow advanced technologies and 
production phases to be integrated, but the greater complexity created due to the integration of 
multiple activities needs to be managed appropriately (combining specialisation with strategic 
acquisitions for vertical integration). The investments in digital technologies made by companies 
have made it possible to expand their product portfolios by offering more integrated and customised 
solutions that result in a more complex and complete offer in terms of technologies and 
competencies (focusing on a product and customer expansion over different dimensions). Finally, 
these companies began to be able to offer customers performances that in the past were considered 
as “divergent” – such as customised production in small batches at a competitive cost (combining 
cost-efficiency with high-quality focus on customised solutions). 
The ability to manage all these transformations contemporaneously is a core aspect that entails 
rethinking the critical capabilities of companies and properly aligning them toward the new forms 
of value co-creation identified. The organisational change should not follow the digital connectivity 
between the supplier and the customer; rather, the alignment between strategizing actions and 
critical capabilities represents the fundamental “how” this digital connectivity can be exploited for a 
value co-creation that is sustained. We confirm that the digitally-enabled ways of connecting with 
customers call for greater data gathering and analysis capacity, with more informed strategic 
decision-making. Companies aim to align information systems and data with customers to create 
exactly the value they require, with the integration and connectivity offered by digital technologies 
to tackle these issues and experiment and share new technical solutions (configuring a customer-
centric value chain). We have found that they are instrumental to new forms of product 
customisation – through data sharing – and more collaborative relationships with the customer, as 
digital connectivity allows building long-term oriented B2B relationships based on trust and 
information symmetry. To be sustained long-term, the value creation processes go well beyond the 
design and production stages. Digital technologies are employed with the aim of having immediate 
control over the progress of both the design and production processes, controlling all the 
dimensions of quality and production performances, sharing information in real-time with the 
customer, determining co-design or co-engineering processes (integrating buyer-supplier digital 
resources through digital interfaces). Digital technologies allow the continuous tracking of 
products, with the suppliers' end-to-end digital integration with information systems that are key to 
supporting and fully integrating operational processes (ranging from smart internal logistics to 
dynamic shipping schedules).  The real-time connection of machines directly to these information 
systems enables companies to precisely monitor and optimise each step of the production and 
assembly processes through an interpretation of the available data. Thus, the interventions 
implemented to foster a long-term perspective of digitisation have simultaneously taken place in 
three directions through (i) data-driven decision-making, (ii) lean management of the most complex 
organisational structures focused on connectivity with the customers, (iii) long-term enhancement 
of the employees’ connectivity skills and mindsets (achieving coherence between data-driven 
decision-making, lean management, and the employees’ connectivity skills). 
The engagement of customers in co-creation should also be defined in terms of opportunity and 
downside sharing for mutual benefit, with the results showing that the strategic renewal enhanced 
by digital connectivity should further build the concept of dynamic capabilities for digital 
transformation to make this renewal sustained in the long-term. Thus, a change in the digital-related 
capabilities – both at the level of the single firm and the B2B relationship – should also complement 
a change in the governance of transactions with customers, enabling greater transparency and trust 
in managing the relationship with the customer. Investments in digital technologies that enable 
collaborative software applications and represent similar connectivity-based solutions for suppliers 
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have been argued to lower asset specificity investments. The analysis highlights the importance of 
aligning digital investments (on both the supplier and customer side in a B2B relationship) to 
facilitate the activities required for co-creation and customisation, and with the assets not becoming 
more specialised as the complexity of the transaction increases. Governance patterns are also 
impacted by digital technologies in the codification process, as well as by the evolution of the 
suppliers’ competencies over time. The unprecedented access to real-time data should benefit both 
parties so they can effectively rely on the respective co-creation activities. The higher frequency of 
transactions mediated by connectivity, coupled with digital trace information about the transacting 
parties, mitigates the concerns that arise from asymmetric information, lowering the monitoring 
costs and making the transactions more efficient. Finally, both parties become better at handling 
uncertainty downsides, as the related costs can be reduced, thanks to better access to (and 
availability of) information and higher transparency in negotiating and controlling compliance in 
the fulfilment of the customisation requirements. 
The value creation mechanisms that the case study companies created by leveraging digital 
connectivity are oriented toward accepting and increasing the complexity of products and 
production processes, with data integrated and shared at every level of activity and thus enriching 
the established B2B relationships – further integrating the ‘physical’ and ‘digital’ ways of doing 
business. Such mechanisms benefit from a more customer-centric value chain and collaborative and 
transparent governance of the buyer-supplier relationships. These results differ from and 
complement previous studies arguing that traditional industries need to leverage larger networks 
enabled by digital connectivity in order to co-create new rich offerings. Finally, no evidence was 
found indicating that the size of the companies could (positively or negatively) affect the ability of 
the companies to establish such new forms of value creation. 
 

4.3 BB3 Sustainability – How can remanufacturing practices be effectively implemented and scaled-
up to attain comprehensive triple-bottom-line benefits within mature and complex industries that 
generate highly polluting waste? 
To answer the first part of the third sub-research question concerning the implementation of 
remanufacturing practices, the strategic innovation lens (Markides, 2008) has been adopted, which 
is suitable for investigating successful strategies in a context characterised by incremental rather 
than radical technological innovation. Indeed, without the benefit of a new technological 
innovation, it is extremely difficult for any company to successfully attack the established industry 
leaders or to successfully enter a new market. The strategy that seems to improve the probability of 
success in those situations is the strategy of breaking the rules, whose source of innovation is the 
redefinition of the business across three dimensions: Who is going to be our customer? What 
products or services should we offer the chosen customer? How should we offer these products or 
services cost-efficiently? 
Starting from the redefinition of the “who” and “what”, the company recombined the customer 
segments, shifting from B2B to B2C clients and serving people with low incomes or those living in 
"fragile" conditions and people whose priorities have changed following the sustainability trend and 
environmental concerns. The company became customer-oriented rather than supply-oriented as it 
transitioned from spare parts distribution to white goods remanufacturing. This resulted in 
establishing a laboratory and a (reverse) supply chain to support the handling of products (from 
discarded to remanufactured). Overall, the company moved from offering products to offering 
solutions that fulfil customer needs: indeed, along with remanufactured white goods, a 12-month 
warranty and technical assistance service are provided. 
The “how” dimension has been analysed using three theoretical perspectives (operational, 
technological, strategic) for implementing successful remanufacturing practices.  
The operational perspective concerns resequencing business processes. Second-life required a 
reorganisation of business process operations: the selection of end-of-life white goods needs in-
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depth experience and technical knowledge to choose those goods whose components can be easily 
and cheaply replaced so as not to incur too costly remanufacturing processes. This task requires 
detailed knowledge of the product life cycle, as well as to perform remanufacturing in 4-5 hours. 
Indeed, people are specialised for each stage of the remanufacturing process (selection, collection, 
remanufacturing, sale, after-sales service). Overall, Gamma optimises the order of remanufacturing 
processes to break the path dependency of the traditional linear make-use-dispose model while 
maintaining the logic of specialisation linked to best practices gained in household appliance spare 
parts and repairs. 
The technological perspective concerns blending physical and digital realms. Gamma digitalised its 
physical infrastructure to manage the complexity of the information and the number of spare parts 
that had to be processed and needed for the remanufacturing process. It also introduced an 
increasing number of resources with Data Management and Data Analytics skills into the company. 
The many years of experience in the repair and spare part industry led Gamma to develop an 
internal platform that seamlessly blends the physical and digital realms. This platform facilitates 
integrated management of technical documentation, images, and product information, containing 
more than 2 million data entries. It is fed by master data and integrated with the warehouse 
management software.  
Finally, the strategic perspective concerns transferring risks in the supply chain by centralising 
market analysis and forecasting activities and decentralising the remanufacturing activities. 
Gamma’s business model of the “pure sales” of spare parts evolved into a circular business model 
based on remanufacturing. From a CE perspective, this can be seen as a way of shifting the risks of 
the traditional linear supply chain model from the consumer to the supplier and of embracing an 
ecosystemic logic in which interdependencies are no longer linear but circular and organic. 
The joint and synergistic implementation of these mechanisms has led to the achievement of the 
following triple-bottom-line benefits. From an environmental perspective, the product lifecycle is 
extended by 5-7 years. During 2022, the reconditioning of 3.600 washing machines allowed 240 
tonnes of material resources to be saved. From an economic perspective, the company generates 
300/month of white goods, which account for 75.000€/month revenues (1M€/year), while the 
customer can buy remanufactured white goods at a price that is at least 50% lower than the price of 
a new device. From a social perspective, the Second-life project trains and employs individuals with 
social or economic problems in collaboration with the missionary service of young people 
(SERMIG). 
To answer the second part of the third sub-research question concerning the scalability of a 
remanufacturing model, the business model of Gamma-Second-life is harnessed to build a 
framework for large-scale remanufacturing. A broader territorial coverage would diffuse the socio-
economic and environmental benefits of the remanufacturing process beyond urban areas. 
Additionally, leveraging cost savings from scale and scope economies would increase the financial 
sustainability of increasingly more complex remanufacturing.  
Such a model shows that a large-scale remanufacturing system can rely on the synergy between a 
central hub handling all management activities – supply chain logistics, data integration, analysis 
and sharing, market analysis, forecasting - and decentralised units handling all remanufacturing 
operations – e-waste collection, remanufacturing, repairs and final sales of appliances. The central 
hub needs to be an efficient large-scale spare parts dealer since the supply chain of appliances’ 
components is inherently complex due to the variety of spare parts with different obsolescence and 
intermittent demand patterns that complicate any stock control strategies and forecasting. 
The findings show that the transition to an integrated, systemic circular economy model can be 
grounded in the upscaling of a sustainable business model. The actual modalities of interaction 
between the hub and its spokes can be tailored to the specific business ecosystem of a territory. For 
example, the central hub could manage the franchising of remanufacturing labs or be a partner in a 
cooperative of small independent remanufacturers. The individual repairers affiliated with the 
system could be employees of remanufacturing labs or autonomous workers. However, beyond the 
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specific contractual agreements between parties, some core features characterise the model 
independently of the location of the application. Thus, the following propositions pinpointing the 
main elements of this system have been developed. 
On the one hand, it is underlined the importance of distinguishing data that can be standardised, 
collected in the central hub, and used to generate predictive knowledge from the technical know-
how embedded in the human capital of experienced technicians that is best transferred through one-
on-one interactions: 
P1. A large-scale remanufacturing system should organise knowledge, data, and information flows 
according to their transferability across individuals and platforms. Tacit repair expertise and 
know-how should be diffused in small centres spread around the territory; conversely, big data 
analytics about parts and markets should be centralised and shared within the supply chain to 
leverage scale economies in data management. 
On the other hand, the key elements for managing the physical flow of goods and the location of 
physical infrastructures are highlighted: 
P2. A large-scale remanufacturing system should organise flows of physical goods according to 
their weight and bulkiness. Minimising the transport of large appliances requires that 
remanufacturing labs are close to waste collection centres and potential customers. Conversely, 
spare parts and components can travel long distances, thus the central hub can be located wherever 
suitable to have its physical infrastructure. 
Finally, the geographic logic behind the model is emphasised: the three levels proposed in the 
model capitalise on the centralisation of high-tech tasks in the hub while moving to more remote 
areas with increasingly low-tech solutions: 
P3. A large-scale remanufacturing system shaped as a star network enables the integration and 
synergy between centralised high-tech solutions in a core company (hub) with decentralised 
remanufacturing labs and repairs (spokes), spreading triple-bottom-line benefits on the local 
ecosystem. 
The analysis is rooted in the business case under examination and its regional context, therefore its 
extrapolation to other markets or areas should be done carefully. For example, in the context of 
multiple mega-cities, it might be necessary/possible to have multiple hubs and a different network 
structure to cover the entire territory. Nonetheless, the managerial implications deriving from this 
investigation can inform a broad spectrum of actors involved in the development of CE ecosystems. 
 

5. Discussion 
Drawing from the socio-technical system theory to frame the complex phenomenon of I4.0, the 
dissertation aims at investigating how technology and organising can be strategically integrated to 
create sustainable value.  
The research framework that guided the study is based on the following premises. I4.0 is not just a 
technological phenomenon but also a human and social reality, characterised by the intricate 
interplay between technology, organisational changes, and socio-economic factors (Teixeira & 
Tavares-Lehmann, 2023). As such, implementing I4.0 technologies in a complex socio-technical 
system involves addressing not only technical challenges but also organisational, management, and 
social concerns (Nosalska et al., 2019). This reflects the need for a holistic approach to 
understanding how Industry 4.0 technologies interact with various organisational dimensions, 
ultimately shaping the way companies function and innovate, acknowledging that I4.0 is not solely 
a technological shift but a complex sociotechnical transformation (Beier et al., 2020). Finally, the 
success of Industry 4.0 relies on how well these elements collaborate and complement each other to 
drive innovation, efficiency, and sustainability in modern manufacturing and beyond (Dohale et al., 
2023). 
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Thus, to answer the overarching research question (How can (I4.0) technology and organising be 
strategically integrated to create sustainable value?), a literature analysis has been first conducted 
that identified three main building blocks (competencies, business model, sustainability) that 
contribute to the strategic integration of I4.0 technological and organisational aspects. 
Subsequently, the role of each BB in the relationship between technology and organising has been 
analysed and discussed through a mixed qualitative approach by conducting a qualitative 
comparative analysis and case studies. The results of this investigation are discussed in the 
following. 
BB1 competencies highlights that successful implementation of I4.0 requires not only the adoption 
of new technologies but also the development of new competencies among employees. It 
emphasises the need for upskilling and reskilling human resources to effectively utilise I4.0 tools 
and to adapt to changing professional practices and organisational culture. The integration of 
technical domain expertise and managerial understanding is crucial for successful transformation. 
This resonates with the idea of Industry 4.0 as a sociotechnical system where technology and 
workforce competencies are intertwined (Ostmeier & Strobel, 2022). In line with prior research on 
technology and organising, this dissertation points to the increasingly complex entwining between 
people and the technologies on which they rely. Viewing technologies as entities that are 
autonomous objects that are only tied to the social environment via use relations is no longer 
productive. Today, emerging technologies accentuate this point as they generate myriad new types 
of possible relations between people, technology, and organising. Now, technologies are 
increasingly enacted—they come into being and have meaning in the world—through these 
relations (Bailey et al., 2022). 
In this relation, technology replaces humans only in automation tasks, while it complements them in 
cognitive tasks (Veile et al., 2021). Finally, current emerging technologies—although still in their 
infancy—are becoming increasingly autonomous and intelligent and, thus, carry the possibility of 
supplementing or replacing human cognition and action. Such technologies continuously acquire 
knowledge and skills, possibly operating autonomously or in concert with humans. This ability to 
learn and act autonomously makes emerging technologies very different from most technologies 
historically used in organisations (Bailey et al., 2022). 
BB2 business model explores how Industry 4.0 technologies transform the traditional way 
companies conduct their business and open up new opportunities for value creation through the 
leverage of their digital connectivity for interoperable and collaborative data sharing. It emphasises 
that companies need to strategically utilise I4.0 technologies to adapt or innovate their business 
models to remain competitive, driving changes in product designs, manufacturing processes, 
operations, and services, ultimately reshaping how companies operate in the market.  
I4.0 technologies enable new approaches to innovation and collaboration within and across 
organisations. As people and organisations engage in new forms of collaboration, they accelerate 
the recombination of ideas and the development of novel products and processes (Lanzolla et al., 
2023). They also rapidly disrupt existing market and industry structures. Moreover, organisational 
boundaries become increasingly porous: in many cases, the ideas and knowledge that prove most 
relevant for innovation reside without, not within, a focal organisation (Bailey et al., 2022). 
BB3 sustainability discusses how Industry 4.0 technologies can contribute to sustainable practices, 
such as circular economy and remanufacturing in waste-intensive sectors. It suggests that 
remanufacturing implementation requires a comprehensive approach that includes operational, 
technological, and strategic considerations. It addresses challenges in implementing sustainable 
practices and scaling them in mature industries to achieve circular economy goals. This aligns with 
the idea that Industry 4.0 technologies can be harnessed to address environmental and social 
challenges through novel approaches (Ching et al., 2022). 
The effective implementation of remanufacturing practices for achieving triple-bottom-line benefits 
is seen through the strategic innovation lens aiming at asking three fundamental questions 
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(who/what/how). By breaking the rules of the game and thinking of new ways to compete, a 
company can strategically redefine its business and catch its bigger competitors off-guard 
(Markides, 2008). 
In particular, the results break new ground in effective remanufacturing practices, unveiling three 
pivotal mechanisms which, when synergistically employed, allow white goods remanufacturing to 
be successfully undertaken and holistic triple-bottom-line benefits to be achieved. The study also 
highlights that the successful implementation of remanufacturing practices does not demand a 
radical transformation of the strategic assumptions underlying a business model. 
It also shows that, although data management competencies are not new, Gamma, through the 
Second-life project, was one of the first companies to bring them together in the configuration 
needed to square the circle between market responsiveness and demand uncertainty in the WEEE 
sector. Consequently, to remain proactive and avoid being caught off-guard, managers should 
increasingly scrutinise the evolving technological landscape and strategically harness data to 
innovate their organisational operations for the broader societal good (Bressanelli et al., 2021). 
Finally, the study contributes to the remanufacturing literature by illustrating how these 
mechanisms not only result in successful remanufacturing implementation but also emphasise 
effective management of uncertainties through the enhancement of core competencies and the 
cultivation of circular and organic interdependencies for broader scalability of the model. 
Overall, from the discussion of the findings, some general considerations emerge.  
First, the evidence underscores the multifaceted nature of I4.0 as a sociotechnical system, where 
technology, organisational changes, human resources, and sustainable practices are interconnected. 
In this vein, a strategic approach is vital to understanding how I4.0 technologies interact with 
various organisational dimensions, acknowledging that I4.0 is not solely a technological shift but a 
complex socio-technical transformation involving changes that go beyond technology and impact 
the entire organisation (Beier et al., 2020). As such, I4.0 technologies should first align with an 
organisation's strategic goals and objectives, otherwise, investments in technology may not yield the 
desired outcomes (Nosalska et al., 2019). Accordingly, in the dissertation, three main aspects of 
strategic integration between technology and organising have been analysed, highlighting the 
interdisciplinary nature of their contribution that, given its complexity, it requires strategic guidance 
toward sustained value creation and the right prioritisation of investments based on their potential 
impact on the company’s competitiveness and long-term viability (Choi et al., 2022). Thus, efficient 
and effective resource allocation requires well-informed strategic decisions about where and how to 
invest resources to optimise outcomes and create value (Bharadwaj et al., 2013). All of this must 
take into account the dynamism of the context, as I4.0 is an ongoing process of innovation and 
adaptation, where continuous monitoring, evaluation, and adjustment of the technology 
implementation strategy is fundamental to stay aligned with evolving market conditions and 
emerging technologies (Nayernia et al., 2022).  
Second, the evidence shows an increasingly complex entwining between people and technologies: 
I4.0 technologies are not autonomous objects tied to the social part of the system via use relations 
but generate myriad new possible relations between people, technology, and organising enabled by 
new I4.0 competencies (Veile et al., 2021). I4.0 technologies do not operate in isolation. Instead, 
their effectiveness and impact depend on their interaction with various non-technological aspects of 
the organisation and its environment. This includes factors such as human competencies, 
organisational culture, and strategic planning. In other words, technologies cannot function 
optimally unless they are integrated and aligned with these non-technological elements (Teixeira & 
Tavares-Lehmann, 2023). The growing complexity of the relationship between humans and I4.0 
technologies highlights how these technologies are not mere tools but rather catalysts for new ways 
of organising and operating, emphasising the importance of considering both technological and 
non-technological factors when implementing and utilising I4.0 technologies effectively within an 
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organisation. Thus, today’s technologies emerge through a set of expanded relations and continue to 
emerge in new ways as those relations evolve (Bailey et al., 2022). 
Third, a relational perspective between technology and organising emerges. The success of I4.0 
relies on how effectively these elements collaborate and complement each other to drive innovation, 
efficiency, and sustainability in modern manufacturing – as described by Bailey et al. (2022) as 
"complex constellations of relations". Indeed, unlike previous industrial revolutions, I4.0 
technologies do far more than automate and informate, posing new and significant challenges to 
organisation science that set them apart from prior technologies. The analysed cases demonstrate 
that I4.0 technologies are not mere objects around which organisational processes and phenomena 
occur. Instead, they possess a relational nature (Bailey et al., 2022), fundamentally intertwining and 
interacting with organisational processes and phenomena. In fact, even scholars with a focus on 
technology within the organisational context now acknowledge that the material and social aspects 
of technology are intricately woven or entangled within a complex network of mutually constitutive 
relationships, and when integrated together, they can enable modern organisations (Bordeleau et al., 
2020). 
Accordingly, I4.0 technologies might affect many parts of the organisation simultaneously, enabling 
new interdependencies within and between units and with actors that many organisations have 
typically considered to be outside their boundaries (Veile et al., 2019). Such pervasiveness of 
technology is increasingly infusing everything that happens within and around organisations, as 
shown by the case studies analysed, requiring a comprehensive understanding of key ingredients for 
a successful I4.0 strategic integration. This relational perspective well reflects the dynamic vision of 
Industry 4.0 technologies: rather than viewing technologies as fixed entities in fixed relations, it is 
more fruitful to approach them as made up of relations and entwined in relations that are constantly 
evolving (Bailey et al., 2022).  
An evolution that becomes valuable for initiating the interpretation of the results of the case studies 
from a more advanced Industry 4.0 perspective, which could lay the groundwork for future 
research. In fact, the evidence from the cases highlights those initial aspects characterising Industry 
5.0 and reflecting the ongoing historical transition period from Industry 4.0 to Industry 5.0. 
Companies are evolving from mere technological adoption to a systemic socio-technical transition 
that lays the foundations for Industry 5.0, whose pillars of human centricity, resilience, and 
sustainability (Enang et al., 2023; Ghobakhloo et al., 2023) have already begun to emerge from the 
analysed cases.  
 

6. Conclusions 
The thesis aims at investigating how Industry 4.0 technology and organising can be strategically 
integrated into incumbent companies to create sustainable value. This purpose aligns with the 
evolution of the related academic literature from a technology-oriented approach to one that 
significantly emphasises the organisational and managerial aspects.  
Two main contributions to theory emerge from the thesis. First, the adoption of a strategic and 
managerial perspective allows to holistically investigate how the combination of technological 
innovations and organisational changes drives sustainable value creation in incumbent companies. 
As this perspective represents a relatively more scarce and less explored viewpoint of analysis, it 
requires particular attention to frame I4.0 not just as a technological shift but as a complex socio-
technical transformation. In this vein, three social aspects are comprehensively explored 
(competencies, business model, sustainability) not only from a theoretical viewpoint but also from a 
practical one with the analysis of real case studies, thus overcoming the common partial approach to 
the topic. The interplay of these aspects with I4.0 technologies allows to draw conclusions 
regarding the strategic integration of technology and organising for sustainable value creation. 
Although the results of each BB are relevant in themselves, it is the overall view that contributes to 
the advancement of knowledge in this literature. Second, the thesis addressed the technological, 
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social and managerial challenges that incumbent companies have to face when integrating I4.0 
technologies into their existing systems and business models, therefore highlighting how every 
technological change/revolution is not a sudden and isolated event but requires real integration into 
existing business models. The results show how the change that has occurred in each BB is based 
on pre-existing/legacy competencies, business models, and sustainability aspects that are already 
inherent in the company, which are complemented and evolve with the strategic integration of I4.0 
technologies. These considerations are relevant and specific to research settings where supply chain 
competitiveness is still based on the delivery of physical goods rather than on digitally-mediated 
transactions, thus contributing to a less explored area compared to digital native companies. 
From a practical viewpoint, by providing empirical evidence based on real case studies, the thesis 
aims to bridge the gap between I4.0 technology investments and the creation of sustainable value, 
also reconciling the diverging views of management and technical experts. This contribution 
involves developing more sophisticated and integrated models for interaction between managers 
and engineers, fostering successful internal corporate communication, and promoting the sharing of 
best practices. The ultimate goal is to enhance the added value, growth, and competitiveness of 
companies. In this vein, the thesis also contributes to the creation of more specific I4.0 adoption 
models that could help a broader number of companies to successfully invest in such direction, 
understand the mechanisms for creating value, compare alternative strategies, evaluate expected 
economic returns, and establish the degree of complementarity with other practices. Finally, the 
thesis contributes to understanding the implications and potential triple-bottom-line benefits of 
implementing I4.0 for organisations not only from a technological viewpoint but especially from a 
managerial one. 
The novel aspects of the thesis are primarily twofold. First, the analysis is structured to address the 
integration challenge of literature streams. It examines competencies, business models, and 
sustainability from a strategic perspective that serves the integration of technology and organising 
for sustainable value creation. In this way, these streams are not analysed in isolation but within a 
strategic and managerial context, highlighting their relational aspect intertwined with other elements 
of the I4.0 socio-technical system. Secondly, the theoretical relevance of these literature streams is 
supported by empirical evidence, making the BBs robust and thus laying solid foundations for 
future research. The empirical analysis shows that I4.0, to lead to the creation of sustainable value, 
requires changes in competencies and roles, business models, and sustainability practices, and these 
aspects cannot be separated from each other. 
Despite the empirical relevance of the thesis, it is important to acknowledge its limitations related to 
the adopted methodological approach. Although the qualitative approach with which the analysis 
has been conducted allowed a deep understanding of the phenomenon under investigation to be 
attained, the specificities of the context limit the external validity and generalisability of the results 
obtained in diverse contexts. Future research could consider other manufacturing companies not 
included and represented in this thesis (e.g., advanced manufacturing, furniture and wood 
production, construction, mining, and extractive companies), as well as foreign companies 
operating in developed and developing countries. Future research could also investigate, from a 
longitudinal perspective, the causality between the proposed managerial aspects, the 
implementation of I4.0, and the creation of sustainable value. 
Additionally, large-scale quantitative studies could be instrumental in confirming the 
generalisability of the findings and testing the developed propositions.  
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