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Abstract: The industrial world is undergoing a historical change, so profound as to be called the Fourth Industrial 
Revolution. In this context, Industry 4.0 has emerged as one of the most discussed concepts that involves not only 
the technological aspect, but also demands consistent and conscious organizational efforts. Indeed, the success of 
Industry 4.0 requires to overcome several hindrances and challenges in order to make a factory smart by applying 
advanced information and communication systems aiming to improve transparency through the digital linkage of 
each element involved in the production. Additionally, lean manufacturing has been explored in the industrial setting, 
considering the strict integration of humans in the manufacturing process, a continuous improvement and focus on 
value-adding activities. However, the existing studies lacks a comprehensive and detailed conjunction of both 
domains. This paper bridges the gap between the two paradigms and illustrates the synergy cross the consolidated 
lean approach and Industry 4.0 technologies. The research, builds upon scientific literature review followed by 
practical investigation, explores the challenges that a lean company will face in its upgrade process to fulfill the 
requirements of Industry 4.0. The findings, made it possible to identify exactly which aspects of Industry 4.0 
contribute towards respective dimensions of lean manufacturing and to introduce some considerations on how lean 
manufacturing can instead help Industry 4.0 practices. In particular, this article is met the common traits between 
these two realms in the emphasis on people involvement, distributed knowledge in the field, process orientation, 
attention to data analysis as a basis for improvement and customer-centric vision. 
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1. Introduction 

Increasing global competition in today’s business 
environment forces companies to innovate their operation 
strategies and practices in order to ensure a long term 
profitability (Gunasekaran and Ngai, 2005). In this 
industrial scenario, lean manufacturing is arguably 
recognised as one the most prominent organisational 
paradigms (Holweg, 2007) to boost manufacturing 
performances through focusing on value-added activities 
by avoiding waste (Belekoukias et al., 2014). However, the 
need for increasingly flexible and customised 
manufacturing highlights the limitations of lean 
techniques which are required to revise in order to meet 
modern challenges (Gunasekaran and Ngai, 2005). Recent 
developments towards the fourth industrial revolution or 
Industry 4.0 (Thoben et al., 2017) represent therefore an 
opportunity for lean companies to sustain their 
competitiveness through the convergence of human, 
technology, and information (Powell et al., 2018). On the 
other hand, the adoption of lean principles can help 
organizations reduce their internal complexity addressing 
fluctuating work content that characterize high 
customized production systems.  In this regards, there is 
an untapped research area focusing on potential 
supporting aspects over the compatibility of lean 
philosophy and Industry 4.0, owing to identify the 

cumulative support that lead to successful implementation 
of both paradigms (Sanders et al., 2016). Hence, the main 
intent of this paper is to deepen the study about the 
synergy between lean approaches and Industry 4.0 
technologies. More in detail, the achieved findings, make 
it possible to identify the aspects of Industry 4.0 that 
contribute towards various dimensions of lean 
manufacturing and also take a consideration on how lean 
manufacturing can help Industry 4.0 practices.  

The paper is structured in five parts. Section 2 presents 
the theoretical background on lean manufacturing and 
Industry 4.0 topics and the main challenges towards their 
successful implementation. Section 3 explains the adopted 
research design and methodology in order to clarify the 
stages of the research development. Section 4 illustrates 
the findings achieved through the case studies. It clarifies 
how a lean organization can be useful in facilitating the 
transition towards Industry 4.0 and how the technological 
innovations introduced by digitisation improves 
traditional lean practices. The paper ends with providing 
the main theoretical and practical contributions of this 
work, its limitations and further developments.  
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2. Background 

2.1 Lean manufacturing 

Lean manufacturing can be described as a multi-faceted 
production approach containing a variety of industrial 
practices, principles, methods and measures, directed 
towards identifying value adding processes from the 
purview of customer (Shah and Ward, 2007). According 
to Rand et al. (2006), the pursuit of perfection is the basis 
for the adoption of lean practices, while it can be achieved 
through a continuous improvement of process that 
includes: i) the definition of value from the perspective of 
the final customer; ii) the identification of the value 
stream; iii) the elimination of wastes and fluctuations in 
order to make the smooth value stream and iv) the (re) 
organisation of  activities to establish a pull production 
system. Despite the effectiveness of various lean 
techniques and analytical tools introduced to support 
production system improvement (Bortolotti et al., 2016), 
(un)successful stories of lean manufacturing have shown 
that adopting of lean practices and tools alone are not 
sufficient to ensure operational excellence over time 
(Ballé, 2005). Indeed, lean is more than a set of methods 
(Bicheno and Holweg, 2010), since it can be considered as 
a cultural transformation, conveyed through a different 
way of organizational management. To be more precise, 
lean is the manner of implementing the so called Toyota 
Way (Liker, 2005) which indicates that: improvement is a 
challenge to be pursued in the long term, because 
perfection is achieved only through the perseverance of 
small steps characterizing a continuous improvement 
approach (Kaizen). To achieve the perfection, companies 
have to operate directly where the value is created and 
with those who create it (Genba), observing what is done 
(Genchi Genbutsu) to find the real cause at the root of 
every problem. The solution, even if it comes from an 
individual, must be shared among the team as the 
innovation is the result of the integration of skills and 
attitudes of different people. Moreover, all the capabilities 
of each individual have to be enhanced and expanded, 
because underutilization of each person abilities as well as 
not contributing to his/her growth is considered 
disrespectful and wasteful. 

2.2 Industry 4.0 

The expression “Industry 4.0” refers to a new way of 
interpreting an industrial environment, in which machines 
are able to communicate not only with each other, but 
also with digital devices evolving products as active 
objects able to communicate with their surrounded 
(Kagermann et al., 2013). Industry 4.0 builds on technical 
integration of Cyber-Physical Systems (CPSs) in all 
industrial processes, where the internet and supporting 
technologies are identified as a backbone to integrate 
physical objects, human actors, intelligent machines, 
production lines and processes across organizational 
boundaries (Schumacher et al., 2016). As the dominant 
concept of Industry 4.0 architecture, CPSs are applied to 
monitor physical processes, create the virtual copy of 
physical world and make decentralized decisions 
(Hermann et al., 2016). The main purpose of Industry 4.0 
is to build a highly flexible production model of 

personalized and digital products and services. The 
adoption of Industry 4.0 technologies make industrial 
production systems more intelligent, information-led, 
customized (Zhou et al., 2016). Indeed, Industry 4.0 
implementation is based on digital design and simulation, 
highly automated manufacturing processes, production 
data management networking, and, converting the whole 
process to access of knowledge (Chen et al., 2017).  

According to Russman et al. (2015), Industry 4.0 can be 
illustrated through nine different technologies: additive 
manufacturing, augmented reality, big data analytics, cloud 
computing cyber security, horizontal and vertical 
integration systems, Internet of Things (IoT), robotics and 
automation, simulation.  

2.3 Challenges towards Industry 4.0 and lean 
manufacturing implementation 

Industry 4.0 makes a factory smart, thanks to integrated 
sensors, real-time monitoring, autonomous robots and 
cyber-physical systems (Kagermann et al., 2013). All this is 
not a futuristic vision of things, but the reality that is 
renewing the world of industry and manufacturing. This 
revolution is unstoppable and companies must be able to 
face many types of difficulties and challenges which are 
not only limited to production and the technological side 
but also process organization (Fettig et al., 2018).  
Therefore, in relation to Industry 4.0, restructuring of the 
organizational forms, the adaption of working methods as 
well as (re)qualification of employees, and human resource 
development emerge as fundamental obstacles to cope 
with. A brief introduction of these challenges is presented 
in Table [1]. 

Table 1: Industry 4.0 challenges 

Challenges Descriptions 

Technology Developing technologies 4.0 such 
as: Big data, IoT, Robotics, 
Simulation requires smart 
infrastructure to support secure 
and reliable communication and 
interconnection (Weyer et al., 
2015) 

Organization Restructuring of organizational 
forms and culture, adapting of 
working methods and thus the 
(re)qualifying of employees as well 
as the understanding of human 
resource management are 
recognized crucial factors towards 
effective Industry 4.0 (Fettig et al., 
2018). 

Process Transforming production 
processes to accommodate new 
integration of physical systems and 
the information network system 
with the aim to facilitate technical 
integration of CPSs (Wagner et al., 
2017). 

130



XXIV Summer School “Francesco Turco” – Industrial Systems Engineering  

Networks Constructing a network 
environment and collaborative 
relationships among different 
stakeholders enables resilient 
digital manufacturing systems 
(Zhou et al., 2016). 

 

In addition, implementation of lean manufacturing bring 
value to organization processes and contribute for 
achieving an operational excellence, while existing 
researches outline different challenges that companies 
experience when they move towards lean concepts. Table 
[2] presents the list of more remarkable challenges to 
achieve successful lean implementation (Rymaszewska et 
al., 2017).   

Table 2: Lean manufacturing challenges 

Challenges Descriptions 

Leadership Lack of detailed knowledge about 
company’s operations.  

Organizational 
learning 

No tools, methods or routines that 
would support the process of 
developing a learning organization. 

Employees 
involvement 

Change of organizational mindset, 
development of multi-skilled 
workers, and creation of self-
managed and multifunctional 
teams. 

Partners/suppliers 
collaboration 

Focus on cooperation across 
enterprise value chains. 

Process 
standardization 

Lack of standard procedures to 
help clarify and simplify the 
processes. 

 

3. Research method 

A literature review was initially carried out to better 
understand lean manufacturing and Industry 4.0 concepts.  
The thorough review of the literature also aimed to bring 
out the main challenges that companies are facing towards 
implementing the two industrial paradigms. As first 
activity, some keywords concerning both the lean topic 
and Industry 4.0 were identified. The keywords were then 
discussed among a group of researchers, experts in lean 
manufacturing and Industry 4.0, to define a general list of 
most related terms. These terms were then used to 
support a review process considering titles and abstracts 
of journal articles, conference papers, books, and material 
available on the internet from interdisciplinary search 
engines such as Google Scholar, SCOPUS, and JSTOR.   

Subsequently, two case studies were analysed in order to 
capture the complexity of interactions between two 
industrial paradigms and their possible mutual influences. 
The contextual nature of the case study, in fact, allows to 
study many different aspects of the observations, examine 
the relationship between them and see the process in its 
total environment (Yin, 2003). 

After defining the work structure and clarifying the 
objectives of the analysis, a check list was build up with 
the aim of assessing the level of lean philosophy 
implementation, Industry 4.0 principles, and the existing 
synergies between lean manufacturing and Industry 4.0. 
Then, semi-structured interviews were conducted 
following a three steps process: selection of interviewees, 
execution of interview and transcription to outline the 
result. The interviewees were selected among managers 
who are in charge in implementing lean practices and 
Industry 4.0 initiatives. Each interview, which lasted 
between 90 and 120 minutes, was done face-to-face by 
two researchers and was recorded in order to increase the 
internal reliability of the study. The consistency of the 
collected information and their adherence were evaluated 
independently and cross-checked by the researchers, to 
converge to a general consensus (Baxter and Jack, 2008).  

The empirical analysis was conducted in a single macro-
sector in order to partially isolate the effects of the 
context and avoid of a superficial approach that typically 
characterizes multi-sector analyses. Specifically, the 
analysis concerns two companies where: i) the application 
of lean manufacturing is a daily practice and also ii) 
Industry 4.0 transformation has recently been addressed.  

4. Finding based on empirical analysis 

In order to verify the synergies between lean practices and 
industry 4.0, we analyzed two companies (so called for 
simplicity A and B) that recently moved through the 
development of digital technologies. These are two large 
multinational companies, operating in the automotive 
sector, with global production facilities, where lean 
philosophy and techniques have been considered as an 
integral part of their operations management for years. In 
particular, the analysis concerns the Italian production 
sites. After a brief description of the adopted lean 
practices and Industry 4.0 projects, the study is followed 
by a discussion on how the lean concepts and lean 
thinking can assist a successful implementation of 
Industry 4.0 and also how technologies 4.0 enable a lean 
manufacturing approach. 

4.1 Lean manufacturing in practice 

Company A has consolidated experience in the use of lean 
techniques. All projects and their timelines are defined 
through meetings with participation of interested working 
groups. After the headquarter approval, each project is 
implemented and monitored in the field for the necessary 
period to stabilize the effects of the change. It is also 
confirmed that the company’s working method is strongly 
standardized and planned through the application of A3 
sheets and through the use of PDCA tools, with a view of 
continuous improvement (kaizen). In the company, work 
standardization is also reinforced by the adoption of visual 
management techniques and Value Stream Mapping. As 
far as production is concerned, the company operates 
with a kanban logic, which has already been improved by 
the introduction of the QR code, and with heijunka-
boards for the production levelling. The company also 
adopts SMED techniques in order to reduce setup times 
and follows various principles aimed at improving 
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maintenance practices (Total Productive Maintenance). 
Finally, it reserves a special attention to those practices 
specifically created to improve process quality. 

Also at company B there is a deep knowledge and grasp of 
all the typical lean practices to ensure process flow (VSM, 
Kanban, Heijunka, and SMED) and quality control 
(Andon board and Poka-yoke). All the lean projects are 
deployed according to the lean strategic plan and 
coordinated by an internal organizational unit, responsible 
for process optimization. In each project this 
organizational unit acts as facilitator, stimulating each 
participant to actively cooperate and share his/her 
opinions (Nemawashi).  The company’s approach to 
problems and their resolution are structured through the 
frequent use of the PDCA method and A3 sheets, 
proposed in a simplified version. Together with distinctive 
activities carried out in field, aimed at improving both 
versatility and problem solving skills, company B 
promotes training courses in lean manufacturing for 
employees, suppliers and strategic customers. The courses 
are characterized by a standard structure and are replicated 
with the same logic in all production facilities, to create a 
worldwide common vision of lean principles. 

4.2 Adoption of Industry 4.0 

A first change recently implemented at company A 
involved the introduction of a new management system 
for real-time production monitoring and planning. The 
recent introduction of IoT technologies within production 
lines has made it possible to speed up maintenance 
services. Such improvements have also had an impact on 
quality, resulting in a significant reduction in waste. The 
company is undergoing the implementation of a new 
RFID system, to further improve the existing kanban 
technique and consequently, to ease the use of the 
heijunka-board. The first tests for the use of 3D printing 
technologies have also initiated. For the next future, 
AGVs and collaborative robots will be applied, however, 
their applicability is still under assessment.  

Company B has already set up a number of partially 
robotized and connected production lines. The products 
have been made traceable through RFID technology so as 
to make the data accessible in real-time. This tool allowed 
the provision of holistic reports based on key production 
line indicators (dashboard) supporting the decision-
making process. Moreover, thanks to the automatic and 
real-time control of the data, it has been possible to 
implement automated schedulers to optimize the whole 
production. For smart quality management, company B 
has equipped its lines with sensors and specialized tools, 
to enhance visual inspection and monitoring. The 
technologies for smart quality management have been also 
used in the workshop, where inspection practices have 
been automated.  

Also, company B is testing a prototype of smart tool 
management. Supported by the IoT, the system can better 
monitor the consumption of tools and consequently 
prevent their breakage and reduce defects. Indeed, the 
AGV technology is going to be adopted with the aim of 
line automated interlocking and in particular, to carry out 

the operations of loading/unloading and storage of 
materials.  

Additionally, an intelligent scheduling system supported 
by a series of sensors and cameras makes it possible to 
optimize machines’ working activities based on their 
energy consumption. Again, company B utilizes 3D 
tutorials to make the operators much more autonomous 
and thanks to remote maintenance it is now possible to 
provide remote assistance. For the next future, the 
company intends to use 3D printing and head-mounted 
augmented reality. 

4.3 How lean manufacturing facilitates industry 4.0 

Beyond infrastructural problems, which can be considered 
as a dramatic reluctance in applying technologies 4.0, such 
as poor connection infrastructures or unreliable systems 
for data analysis (Weyer et al., 2015), there is also a need 
to integrate physical and digital resources in production 
processes (Panetto et al., 2019). In this regards, both the 
analysed companies are characterised by a high process 
and standardization orientation, due to their lean 
manufacturing organisation. This feature has made it 
easier for these companies to adopt technologies 4.0 
avoiding the creation of new wastes or the expansion of 
existing ones (Romero et al., 2018). In other words, as 
pointed out by the management of company A, 
“Standardization of processes and the absence of waste, assisted 
companies in facing with the rise of complexity associated to the huge 
flow of information brought by new Industry 4.0 technologies” 

The real challenge of digitalization lies in the ability to 
exchange information across company value chain, 
thinking of the factory as part of a larger network in 
which different organizations collaborate, share data and 
information (Ruggaber, 2006). This concept is generally 
unacceptable for many companies as traditional 
enterprises tend to avoid information sharing with other 
parties. On the contrary, lean organisations are more open 
to share knowledge, as strategic coordination with their 
partners is recognised an essential prerequisite for process 
integration. For instance, the propensity to listen to their 
customer and to integrate the upstream and downstream 
processes of the supply chain through Value Stream 
Mapping, facilitated both Company A and Company B in 
identifying the most effective actions to ensure a steady 
and sustain flow of information. Moreover, managing 
daily activities according to a standardized logic that 
comes from the use of tools such as PDCA, made it much 
easier to introduce and share standards for information 
and data management as required in the implementation 
of Industry 4.0 technologies.   

One of the most discussed issues for the transition 
through Industry 4.0 is related to the lack of technological 
skills and competences, which makes it necessary to 
reallocate resources at all levels of the organization. This 
difficulty was also found in the investigated companies 
due to absence of specialized competences to manage a 
huge amount of data as a result of implementing new 
technologies. However, the predisposition to search for 
value led both organizations to implement temporary 
solutions to immediately exploit the value contained in the 
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available data. For instance, company B solved its gap of 
competences by turning to external consulting services. At 
the same time it began to develop the necessary required 
skills internally in order to avoid long-term dependence 
from external suppliers. Such approach did not encounter 
any obstacles among workers as the vision of continuous 
improvement and day-by-day enhancement is in the DNA 
of a lean organization. Moreover, teamwork orientation, 
which leads people from different roles, cultures, and ages 
to easily collaborate (Bhuiyan and Baghel, 2005), made it 
possible to overcome another typical obstacle 
characterizing the implementation of Industry 4.0: the 
mutual learning orientation. From this consideration it can 
be assumed that if company A or B decided to spread 
technological learning through the support of junior 
employees they would have few problems with senior 
staff, as is generally expected when there is a matching 
between different generations. 

Moreover, high levels of skill versatility achieved in lean 
organization reduce management concern linked with 
“lights-out factory” issues brought by the introduction of 
Industry 4.0 technologies. Potential job reductions coming 
from the introduction of cobots has not been seen a real 
challenge for the management of company A who 
declared “we are not worried about the introduction of 
cobots in the production system as we can easily count on 
the relocation of our workers within the company and rely 
on their distributed knowledge” 

The key to the success of Industry 4.0 implementation is 
to change the culture of company towards digitalization. 
Employees must be motivated, involved and open to 
change, and must show flexibility to cooperate and accept 
continuous training, overcoming the fear that change 
necessarily means losing job. It is worth to underline that 
the change has not critically jeopardized in the lean 
companies owing to the systematic presence of the kaizen 
pillar (“If there is no action there can be no success”). 
Lean companies pursue the change management as an 
essential factor to move individuals to the expected future 
state. For instance, company B has benefited of open 
mind-set workforces that are more compatible and 
flexible to change.  

Effective Industry 4.0 introduction depends also on the 
ability of plan management and consequently 
communicate it properly in order to avoid the unnecessary 
stress into the organization. This was the case for 
companies A and B, where the strategic goals are 
communicated through the companies and then put into 
action (Hoshin Kanri). This lean logic can be a vital 
facilitator of Industry 4.0.  

In order to anticipate the customer’s needs, the 
management first focused on the introduction of IoT 
technologies to establish real-time monitoring. Then, new 
technologies for production effectiveness and work 
organization improvement were introduced, without 
distorting the logic of work. For this reason, a lower 
priority was initially given to the most disruptive 
technologies, such as collaborative robots, 3D printing 
and augmented reality. For other technologies, such as 
AGVs, even more attention was paid, both for a human 

and technical perspective in order to avoid process 
fluctuation (Mura) and stress (Muri) into the organization, 
leading in turn to waste. In particular, studies are 
underway at company B to assess the impact on 
emergency situations such as layout modification to 
ensure safety evacuation of AGVs in the event of fire. 
Table [3] summarizes the findings related to how LM 
practices can support Industry 4.0 implementation.  

Table 3: How LM supports implementation of Industry 4.0 

Process orientation and standardization can facilitate 
the integration of physical and digital resources in 
production avoiding the “digitalization of waste” 

Partnership orientation enables data sharing and 
process integration of the whole value chain 

Continuous improvement and multifunctional 
attitudes together with mutual learning orientation, 
employee engagement and skill versatility make the 
organization more open to accept and improve the 
required technological competences as well as 
overcoming the cultural issues. 

Long term planning orientation and functional 
communication allows the successful implementation 
of technologies 4.0 by avoiding organizational stress and 
fluctuation 

 

4.4 How Industry 4.0 supports lean manufacturing 

There are several advantages that Industry 4.0 
technologies bring to lean manufacturing since 
implementing effective lean practices will increase demand 
for incorporating novel technologies (Tortorella and 
Fettermann, 2017). Indeed, the industry 4.0 technologies 
can fastens information sharing in supply chain leading to 
reduce lead time as well as support preventive 
maintenance activities and quality management (Peter and 
Honggeng, 2006; Riezebos and Klingenberg, 2009). As an 
example, powerful virtual models and simulations as well 
as real-time performance monitoring systems based on 
advanced data analytics lead to enhance the efficiency in 
production process by eliminating the physical waste 
(Romero et al., 2018) . Moreover, Mora et al. (2017) 
presented four main lean practices that can be improved 
by applying smart technologies: Just-In-Time (JIT), Total 
Productive Maintenance (TPM), Total Quality 
Management (TQM), and Human Resource Management 
(HRM). Some of these advantages have been found in the 
analyzed cases.  

A first advantage refers to the reduction of struggles 
related to data management. Indeed, the adoption of 
digital technologies has helped companies to accelerate 
the processes of data collection, as well as the retrieval of 
information. For instance, new methods for tracking and 
tracing products and components (e.g. RFID) adopted by 
Company A have improved the efficiency of the kanban 
approach, thus simplifying and optimizing the use of 
heijunka-boards. For the same reason, the technology for 
real-time information acquisition implemented in 
Company B has supported plant monitoring, thus 

133



XXIV Summer School “Francesco Turco” – Industrial Systems Engineering  

optimizing the whole decision-making process. Again the 
use of automatic schedulers for production levelling 
(electronic heijunka) has enhanced the production plan 
optimization.  Another advantage offered to lean practices 
comes from the automation of line interlocking, which 
has reduced the risk of empty workstations and, in turn 
optimized their saturation. 

Technologies 4.0 have been used to improve maintenance 
activities. For instance, by accelerating direct 
communication between production lines and dedicated 
maintenance operators, it has been made possible to get a 
more efficient monitoring of production parameters and 
operating conditions. This, in turn, has reinforced 
predictive maintenance activities leading to a reduction in 
the number of failures and costs. Improvements in 
maintenance had an impact on quality, with refinements 
related to the identification of waste and developments in 
the poka yoke aspect. In terms of quality both companies 
have highly benefited by the introduction of digital 
technologies, thus reducing the number of scraps. 
Sensors, cameras connected to intelligent algorithms have 
made it possible to anticipate failure detection, allowing 
both companies to avoid delivering defective products to 
their customers.  

Finally, the empirical application do not show any benefit 
from the application of Industry 4.0 practices for HRM. 
However, technologies designed to facilitate the human 
task that will be implemented in the near future (such as 
augmented reality) will certainly benefit both Company A 
and B. Table [4] describes how LM practices can be 
benefited by technologies 4.0.  

Table 4: How technologies 4.0 support LM 

Real-time monitoring system accelerates the data 
collection processes, as well as the retrieval of information 
lead to optimize the decision-making process (in-the-
moment/rapid decision making) and support plant 
monitoring 

Automatic schedulers applies for production levelling 
thus to enhance the production planning.  

Automation of line interlocking optimizes workstations 
saturation 

IoT / Tel-maintenance improve maintenance activities 
through predictive maintenance leading to a reduction in 
the number of failures and costs 

Sensors and  cameras improve quality by minimizing 
rework  and reducing the number of scarps towards zero 
defects 

 

5. Conclusion 
 This research presents some important theoretical 
contributions to the state-of-the-art on lean 
manufacturing and Industry 4.0. Furthermore, we tried to 
carry out the existing synergies between lean practices and 
technologies 4.0 to figure out if they can benefit from 
each other. For this reason, we analysed two case studies 

where lean techniques have already implemented and 
where migration towards Industry 4.0 started recently. 
Analysis of companies suggests a positive association 
between the two deeply-rooted industrial paradigms. It 
has been shown, moving towards Industry 4.0 is a 
challenging journey which requires a cultural change and 
also considerable organizational efforts. Accordingly, 
companies should cope with the rise of uncertainty and 
complexity emerging by advanced technologies. In this 
regards, lean manufacturing can support Industry 4.0 
transformation, since lean organisation have already 
overcome the most typical challenges regard to Industry 
4.0. Therefore, we can state that the creation of lean 
culture and the adoption of lean practices, facilitate the 
implementation of Industry 4.0 technologies through the 
integration of human in the production process, 
continuous improvement, and process standardization. In 
the same way, Industry 4.0 can assist in realizing the 
persecution of lean targets. As it is presented through case 
studies, some lean practices such as TPM, Kanban, 
production levelling, and waste elimination have been 
supported by introduction of Industry 4.0.  

As a result, this study can be important also from a 
managerial point of view since it allows managers to have 
a greater awareness of the existence of numerous 
synergies between the two paradigms. Finally, it can also 
be useful as a support to the creation of inter-sectoral or 
sector-specific benchmark approach.  
Nevertheless, some limitations have been identified and 
could envisioned for future improvements In particular, 
research should be extended to multi-sectoral with 
different maturity level in terms of lean manufacturing 
and Industry 4.0. 
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