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ABSTRACT

The concept of Industry 4.0, as a means to move forward in the industrial ecosystem, has reached an
important turning point. Where do we stand now in terms of industrial innovation and transition? This
opinion paper provides an overview of the situation in the Netherlands, a reflection on what has been
achieved by the Industry 4.0 paradigm, and the necessary way forward to solidify its implementation.
Tentative results reveal that the pervasiveness of Industry 4.0 applications is sector-specific. This work
provides industrial stakeholders and academics with useful suggestions and a possible path to move
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towards better integration of Industry 4.0 in company reality. In this opinion paper, we employ a mixed
methods research methodology to argue that, based on our findings on industrial adaptation in The
Netherlands, Industry 4.0 is the outcome of an evolutionary process and not of a revolution, as it is often

claimed.

1. Introduction

Industry 4.0 is often referred to as a new industrial stage, and
yet since the term was coined in Germany more than 10 years
have passed (Kagermann and Wahlster 2022; Kagermann,
Lukas, and Wahlster 2011). There is already an effort to con-
ceptualise industry 5.0 around the concept of sustainability,
human centricity, and resilience (Directorate-General for
Research and Innovation European Commission 2022;
Maddikunta et al. 2022). There is even mention of Industry
6.0 inspired by the recent series of crises we are facing as
humanity (COVID-19, financial crises, the tension between
Russia and the EU, Brexit, the USA-China trade wars, etc.)
(Annanperd et al. 0000) and the further independence of
machines (Duggal et al. 2022). It is evident that the time we
spend in every industrial phase is shrinking rapidly (see
Figure 1). Therefore, it is a suitable time to reflect upon what
has been achieved so far, which promises were met, to what
extent, and what are the differences in the context of different
industrial sectors. Industry 4.0 is met in different contexts with
various names (for example smart industry in The
Netherlands, Made in China 2025 in China, Advanced
Manufacturing Partnerships in the USA, etc.) (Bure§ 0000).
However, the main characteristic of the 4™ industrial revolu-
tion is the change in manufacturing enabled by cyber-physical
systems (CPS) (Reyes Garcia et al. 2019), due to the integration
of advances in information and communications technology
(ICT), Internet of Things (IoT), sensors, computational power,
robotics, and artificial intelligence (AI) (Geissbauer, Veldso,
and Schrauf 2015; Xu, Xu, and Li 2018). In this work, the
authors do not wish to discuss the validity of different

definitions but look at those common characteristics in the
context of Dutch industry.

Looking at the literature, there are many studies including
review articles, and position papers on the Industry 4.0 con-
cept. However, a closer look at articles published in highly
ranked scientific journals, and international conferences
shows a predominant bias towards specific application areas.
Key terms mainly include: ‘digital tools/twins’, ‘serious games’,
‘technology assessment’, ‘smart factory performance’, or
‘implementation of Industry 4.0 concept’. Several publications
discuss industry trends and the impact of Industry 4.0 con-
ceptualisation on different industry sectors, for instance
(Kozlovska, Klosova, and Strukova 2021) the impact on the
construction industry (Fallahpour et al. 2021), the implemen-
tation of Industry 4.0 in companies providing empirical evi-
dence, and (Dzwigol, Dzwigol-Barosz, and Kwilinski 2020)
explores the formation of globally competitive enterprises.
We found articles exploring Industry 4.0 trends with a few
examples including (Fuertes et al. 2022) discussing the evolu-
tion of sustainability manufacturing objectives aligned to the
Industry 4.0 trend (Karnik et al. 2021), discussing trends of
technology enablers (Florescu and Barabas 2022), looking at
development trends of production systems and lean manufac-
turing, and discussing the impact and trends on the food
industry (Hassoun et al. 2023, 2024).

1.1. State-of-the-art and motivation for the study

As a starting point, we explored the situation of the European
manufacturing landscape and especially, how different
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Figure 1. The (approximate) timeline of the four industrial periods. It is evident here, that the transitioning time between industrial revolutions has decreased from

approximately 105 years to 11 (and counting) (Tsaramirsis et al. 2022).

industry sectors implement the Industry 4.0 concept or its
variations. Based on consultancy reports, and published litera-
ture, there are limited insights on clear roadmaps for its
implementation. Calabrese, Levialdi Ghiron, and Tiburzi
(2020) provide glimpses into complex factors in the adoption
and implementation of Industry 4.0 concepts. They are includ-
ing differences in size, industrial sectors, service levels, and
production portfolios, resulting in variation in how companies
adopt enabling technologies. Their study focuses on SWOT
analysis and interviews with companies to understand mainly
the adoption of enabling technologies, including wearable
technologies, cobotization, or simulation platforms for opti-
mising productivity. A different study by Miiller, Kiel, and
Voigt (2018), aptly titled ‘What drives the implementation of
Industry 4.0: the role of opportunities and challenges in the
context of sustainability’, highlights the relevance of digital
technological enablers from a perspective of sustainability.
The authors mention similar differentiation in size, industry
sectors, business context, core drivers of adaptability, and
adoption of Industry 4.0 concepts. Their study nonetheless
provides high-level insights on sustainability drivers relevant
to industrial value addition.

Additionally, we found articles discussing possible guide-
lines or road maps for implementation. Several of the articles
relate to implementation in the European context not only by
the European manufacturing sector but also by the European
Commission. Documents published, include the titled
‘Industry 4.0: Digitalisation for productivity and growth’ pre-
pared as an outcome of discussions in the European
Parliament. Notably, the document highlights the importance
of applications of sensors, wireless communication, and intel-
ligent manufacturing robots. Interestingly, the document also
highlights challenges that we explore in this paper, including
opaque business models, sectoral implementation differences
and structural implementation guidelines or roadmaps.

A follow-up document by the European Economic and
Social Committee titled ‘Industry 4.0 and Digital
Transformation: where to go’ (Industry 4.0 and digital trans-
formation: Where to go 2023) deliberated on four core topics.
These include technology and platforms, standards and refer-
ence architectures, geographic cohesion and innovation hubs,
and skills. Similar to the earlier report by the European
Commission, aspects related to sectoral differences in the
European, implementation architectures remain ambiguous.
More recently, the European Commission fronted the

‘European industrial strategy’ aiming at integrating sustain-
ability, climate neutrality, and digital leadership. The docu-
ment also incorporated a survey of the European
Manufacturing landscape and reported outcomes including
decreasing turnover of SMEs, and a decline in intra-EU trade
among other indicators. Notable and interesting for our paper
are the need for developing transition pathways and analysis of
sectors (notably the steel sector owing to its negative carbon
footprint). This is aligned to the goal of this paper, as we
explore more broadly aspects, including sectoral differences
but more importantly, sectoral differences and potential
insights on implementation roadmaps or transitional guide-
lines for European manufacturing companies.

From a country-specific perspective, the Netherlands man-
ufacturing sector developed a comprehensive agenda aptly
titled ‘Smart Industry Implementation Agenda 2018-2021".
The Dutch government has in place a strong sectoral policy
to support technology-oriented SMEs to rapidly introduce
smart industry and Industry 4.0 initiatives. Perhaps notable is
the ‘Implementation Agenda Smart Industry for 2018-2021
for the Dutch companies, supported by the Dutch
Organization for Applied Natural Sciences (TNO), the Dutch
Ministry of Economic Affairs, and the Dutch Chamber of
Commerce, among other sectoral players (Smart Industry
Implementatieagenda 2018-2021 DUTCH INDUSTRY FIT
FOR THE FUTURE 2022). This is one of the primary motiva-
tions for selecting the Dutch situation as a showcase because of
the similarity of the manufacturing landscape situated in the
broader European Manufacturing landscape. Moreover, the
agenda contextualises the Industry 4.0 concept for the Dutch
industry. The implementation agenda communicates a strong
ambition by the Dutch government and industry actors in
technology and manufacturing to become front runners in
the ‘fourth industrial revolution’ or ‘Industry 4.0’ as
a common term used. Accordingly, Dutch industry should
make ‘giant leaps’ in ICT innovation, and automated produc-
tion systems co-opting advanced robotics and smart manufac-
turing technologies. Looking at the ‘Smart Industry Agenda’ of
the Netherlands, the pillars of Industry 4.0 as originally con-
ceptualised are apparent.

At the core of the agenda, Agile Manufacturing
Technologies, Digitization, and Network centricity are situ-
ated, linked to eight dimensions. Overall, close connections
with pillars of Industry 4.0 are implicit, apart from dimensions
such as connected factories (system integration and



simulation), advanced manufacturing (3D printing), flexible
manufacturing (linked to autonomous robots), digital factories
and servitisation (cloud computing, augmented reality, big
data, IoT, and cyber security) (Geissbauer, Veldso, and
Schrauf 2015; Hulshoft 2001). The agenda goes beyond the
Industry 4.0 pillars and introduces a sustainability pillar and
smart working (linked more recently to Operator 4.0 con-
cepts). Interestingly, the Dutch Smart Industry agenda also
goes further by seeking a broad consensus of the Dutch indus-
try and proposes a road map for operationalising the agenda,
through a lifelong learning component supported by Smart
Industry Labs or Field Labs. The latter is a component not
explicitly included in the initial conceptualisation of Industry
4.0 but increasingly is recognised as an important pillar
towards realising a smart industry future.

Our main motivation with this opinion paper is not only to
explore achievements and opportunities in different industry
sectors but also to provide a reflection on a country where the
Industry 4.0 concept is expected to be mature, and pave the
way for the smoother adoption of Industry 5.0. To the best
knowledge of the authors, there are no similar articles. We see
this as an important gap, especially limited are insights on
updates of Industry 4.0 concepts, successes, pitfalls, and reflec-
tions on the next steps for different sectors.

2. Methodology

We aim to highlight recent advancements in the implementa-
tion of Industry 4.0 in the Dutch industry, understand it, and
discuss a perspective based on diverse sources from various
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industrial sectors. As this is a rather complex endeavour,
encompassing multiple disciplines, and sectors, we believe
that quantitative or qualitative analysis alone would not be fit
to reveal the complete picture. To achieve a comprehensive
understanding, we apply methodological triangulation by
combining qualitative with quantitative research, accompa-
nied by the author’s perspective (Figure 2), in a mixed methods
research methodology.

We start by analysing existing sources starting from the
European vision of Industry 4.0 as the context where the
Dutch road map for Smart industry was developed, and finally
analyse applications of Industry 4.0 aspects in different sectors
(Section 2 - Qualitative Analysis). Next, we investigate the
pervasiveness of the concept in the Dutch context, by analysing
an existing survey involving 30 companies in the Netherlands
(Section 3 - Quantitative Analysis). Lastly, we offer our per-
spective, based on the information given in Sections 2 and 3.
We attempt to demystify the implementation of Industry 4.0 in
the Netherlands, discuss our insights for future barriers and
enablers.

3. Vision on industry 4.0: a top-down perspective
from Europe to sector-specific

The EU supports industrial change through its industrial pol-
icy and research, and infrastructure funding. However, chal-
lenges remain. The need for investment, changing business
models, data issues, legal questions of liability and intellectual
property, standards, and skill mismatches are among the chal-
lenges that must be met if benefits are to be gained from new

Literature
(Qualitative)

Section 3 - Vision on
Industry 4.0: a top-
down perspective
from Europe to
sector-specific

Survey
(Quantitative)

Section 4 - Industry
4.0:2011-2021
pervasiveness

Observations and
Insights

(Author’s Perspective)

Section 5 - Discussion:
demystification,
barriers and enablers
of Industry 4.0

Figure 2. Graphical representation of the methodology used in the paper. Each edge of the triangle represents the methodology used per section.
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industrial technologies. If these obstacles can be overcome,
Industry 4.0 may help to reverse the past decline in industria-
lisation and increase total value-added from manufacturing to
a targeted 20% of all value-added in the coming years. Not
every observer is convinced of the value that Industry 4.0 will
add. Some feel that Industry 4.0 as a concept is poorly defined
and suffers from exaggerated expectations; others believe that
fully digitised products and value chains are still a ‘pipe dream’
(Davies 2015).

3.1. Motivation for analyzing the Dutch situation

The Netherlands is well-known for its robust small and med-
ium-scale manufacturing enterprises (SMEs). This tradition
stems from a culture of establishing family businesses, that
goes back several decades and continues to contribute signifi-
cantly to the Dutch economy (Hulshoff 2001). Traditionally,
Dutch family businesses span both small, medium, and large
enterprise sectors and according to estimates, over 50% of
Dutch enterprises employing between 2 and 249 employees
are family businesses. More interestingly, the share of family
businesses in the SME sector is estimated conservatively at
80%. Moreover, the growth of SMEs has been robust with
1,300 new enterprises between 2019 and 2020. In total, their
contribution to the Dutch economy was in the order of mag-
nitude of 220 billion Euros in 2017 according to the most
recent survey by the European Commission.

This underscores the importance of Dutch SMEs to the
future economic outlook of the Netherlands. Besides, the
Netherlands is one of the most prominent countries in
Europe for start-ups, with year-to-year growth rates judged
in terms of raising venture capital funds peaking at $3.8 bn in
2021 alone. Looking at the sectoral spread, manufacturing-
related SMEs as of 2020 stood at 71,566 companies constitut-
ing slightly larger than 6% of non-financial businesses in the
Netherlands. From the sectoral analysis by the European
Commission, this proportion is larger once the contribution
of other sectors, including technical services, construction,
transportation and storage, and water supply and energy ser-
vices. In a much broader sense, technical services contribute
significantly to a large industry portfolio considering the
Netherlands is a prominent manufacturer with well-known
industries, including Philips, Tata steel, DAF trucks, VDL,
and Royal Dutch Shell and a manufacturing base of major
international names. Technical services are also a major player
in the logistics and transportation industry, with major players
including the Netherlands Railways and the port of Rotterdam.

3.2. Status of implementation of the smart industry
agenda by Dutch industry

There are already concerted efforts by the Dutch Industry to
integrate the dimensions of the smart industry agenda. The
progress and successes so far seem sectoral-wide, with some of
the dimensions implemented to a mature level compared to
others. A few use cases are noteworthy to mention, from
a sectoral perspective categorised on the nature of the business,
turnover and number of employees. Key Dutch industries and
potential adopters of the smart industry agenda include

agrifood, information technology, chemicals, high-tech sys-
tems and materials, energy, and logistics as some examples.
Each sector/industry is further characterised by manufacturing
or value additional components, for instance, with the agri-
food sector focusing on agri-processing and innovations in
logistics and supply chains. The logistics sector is wide in
scope, covering among others road, rail, and air transport.
Prominently, the rail infrastructure and rolling stock operator
is widely discussed as an adaptor of smart industry initiatives
owing to their unique capital, safety, and maintenance-
intensive business.

The high-tech systems and materials industry is another
prominent initiator of smart industry developments, extend-
ing to robotics and AI and consists of numerous start-ups and
SMEs. Intuitively, the business model leveraging multi-
disciplinary crossovers between technologies presents unique
opportunities to the sector as it cuts across several pillars such
as flexible and advanced manufacturing, sustainable and digi-
tal factories, smart working, and smart products. Lastly,
numerous actors focus on manufacturing, specifically machine
tools, components, and industrial equipment, and consist of
small, medium, and large enterprises.

The next section explores examples of the implementation
status of the smart industry agenda by two sectoral actors:

Railway infrastructure.
Manufacturing

3.2.1. Railway infrastructure

After the liberalisation of the rail market in the Netherlands,
two divisions were created for the rail operator. The first is
a technician division responsible for operating train services
on all mainline railways, with a fleet of around 3000 coaches,
each coach having an average life cycle of 30 to 40 years (van
Dongen 2015). Often the coaches are modernised halfway
through this life cycle and undergo rigorous maintenance,
creating opportunities for efficiency enhancement through
smart industry development such as predictive maintenance,
and design for maintenance (Research & Development, R&D).

To highlight a few examples, projects were initiated to
develop eco-design tools to reach sustainability targets for
the maintenance function of the operator. Importantly, the
tools link to the sustainability pillar of the smart industry
and consider the different project phases of modernising coa-
ches to extend their operational life. The eco-design frame-
work considers important eco-design aspects, including design
for the environment, where predictive maintenance, circular-
ity, life cycle assessment and systems engineering play critical
roles (Haanstra et al. 2020). A second case considers the
innovative use of augmented reality for railway maintenance
operations. This extends to supporting maintenance proce-
dures and improving decision-making. Using AR is one of
the important pillars of Industry 4.0 and the Smart Industry
agenda of the Netherlands (Scheffer et al. 2021).

The innovative tools extend to innovative ‘digital twinning’
focusing on developing simulation-based modelling
approaches for improving overhaul and repair (O&R) pro-
cesses within a rolling stock repair hub (Qi et al. 2021; Singh
etal. 2021; Tao et al. 2022). For this specific example, agent and



discrete-event simulation presented opportunities for mimick-
ing actual operations at the O&R facility and using the simula-
tion to gain insights into operational bottlenecks.
Improvements were thereafter formulated to improve
the O&R processes. These examples present glimpses of the
maturity level of the Dutch railway sector. In this sector, the
organisational readiness in the introduction of these new tech-
nologies appeared to be a prerequisite.

3.2.2. Manufacturing

The Netherlands is also renowned for its resilient small and
medium-scale manufacturers of a wide range of industrial and
household tooling, appliances, and machinery/equipment
(Boutris and Salimi 2023). Innovation in automation readiness
is deemed mature, especially as far as implementing legacy
technologies including industrial robots, automated storage,
and material handling systems (Phan Vo, Wolters, and Chi Vo
2021). This motivation is intuitive — the need to remain com-
petitive in a labour cost environment compared to large man-
ufacturing hubs in Asia and particularly China (Acemoglu,
Koster, and Ozgen 2023). More recently, there is a drive
towards integration smart Al-driven tools to support innova-
tion for product development, as well as design of flexible and
agile manufacturing systems. This includes innovations in
collaborative robotic manufacturing, automated material
handling systems, and digitisation technologies. These tech-
nologies integrate the so-called human-in-the loop, thereby
driving innovations in areas of sensing technologies, ergo-
nomics, and human factor analysis (Bokhorst et al. 2022).

To support seamless manufacturing and mitigate supply
chain disruptions, there is evidence of interest and investment
in information technologies including enterprise resource
planning and manufacturing execution systems (Tedaldi and
Miragliotta 2022). These systems aid production planning,
control, and execution and lately, rely on smart Al tools to
dynamically adapt manufacturing to better cope with changes
in order patterns, and supply chain disruptions (Pulikottil et al.
2021). Such Al tools are increasingly used to harness ‘big data’
to better gain insights on order patterns, production bottle-
necks, and integrating market forecasts as a productivity effi-
ciency driver (Pulikottil et al. 2021).

Table 1. Industrial domain of the companies included in the survey.
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Digital simulation tools are increasingly used for decision
making in manufacturing and service environments charac-
terised by complex trade-offs. This includes factory ‘digital
twins’ to help companies better visualise production flow and
anticipate impact of changes in planning or manufacturing
new products (Chemweno and Torn 2022). Potentially, linking
simulation platforms to digitisation platforms (manufacturing
executions systems and supervisory control and data acquisi-
tion) is an emerging trend, but still nascent in Dutch manu-
facturing. This integration extends to using factory simulation
to identify automation opportunities on the manufacturing
shop floor (Chemweno and Torn 2022).

4, Industry 4.0: 2011-2021 pervasiveness

Industry 4.0 arrived with some initial promises and created
certain expectations for improvements compared to the pre-
vious situation (Dalenogare et al. 2018), [39]. Creating smarter,
more efficient workplaces and increasing process quality
would expedite faster production. Seamless interconnections
within factories, sectors and cross-sectors using data utilisa-
tion, not just for gathering data, but also for extracting useful
insights and patterns that may help achieve cost reduction, and
boost revenues. After all, Industry 4.0 has created a vast poten-
tial for enabling more sustainable industrial practices (Hilty
and Aebischer 2015).

Following in this section we will perform an analysis of the
current degree of realisation of Industry 4.0 processes, prac-
tices, and technologies in the Dutch industry, from available
data. In the next section, we will reflect on and discuss how
many of those were realised and how we can expedite their
implementation in practice.

The current Dutch situation in terms of Industry 4.0/Smart
Industry pervasiveness was analysed taking into consideration
three key sectors for The Netherlands: manufacturing, energy,
infrastructures, telecommunication, financial and consumer goods.

Thirty companies in total were interviewed. The companies
were chosen based on their size (SME and large companies) and
their products to have as much as possible a fair representation
of the companies’ population. Table 1 provides an overview of
the industrial domains to which the companies belong.

Company

Industrial Domain

Company Industrial Domain

C1-Manufacturing
C2-Manufacturing
C3-Manufacturing
C4-Manufacturing
C5-Manufacturing
C6-Manufacturing
C7-Energy
C8-Energy
C9-Energy
C10-Energy
C11-Energy
C12-Energy
C13-Infrastructures
C14-Infrastructures
C15-Infrastructures
C16-Infrastructures
C17-Infrastructures
C18-Infrastructures

Electronics production

Steel production

Avionic components’ production
Metal production

Agrotechnical machine production
Defence systems

Energy production

Energy distribution

Energy distribution

Oil and gas

Energy production

Energy production

Asset maintenance and management
Infrastructures management
Infrastructures construction
Infrastructures management
Shipping

Infrastructures construction

C19-Telecommunication
C20-Telecommunication
C21-Telecommunication
(C22- Telecommunication

Electronics production

Steel production

Avionic components’ production
Metal production

(23-Financial Institutions Bank
C24-Financial Institutions Bank
C25-Financial Institutions Bank

Investment fund
Investment fund

C26-Financial Institutions
C27-Financial Institutions

(C28-Consumer Goods
C29-Consumer Goods
C30-Consumer Goods

Food & Beverage
Food & Beverage
Food & Beverage
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The authors acknowledge that the number of companies
involved in the study is not ‘statistically relevant’ and it offers
a limited perspective on the Dutch market. However, it is
valuable to point out that statistical significance was never
meant to imply scientific importance and, as it is not worth
believing that an association or effect exists just because it was
statistically significant, it is also not worth believing that an
association or effect is absent just because a dataset is not
statistically significant (Wasserstein et al. 2019).

Firstly, the interviewed companies had to reflect on how
much Industry 4.0/Smart Industry has entered the market in
terms of application. After the brainstorming session, a survey
based on eight main technologies of the Industry 4.0/Smart

Industry (Augmented Reality, Robotics/Automation,
Biointegration/Mobile Technologies, Additive
Manufacturing, Big Data/Al, Cloud Computing,

Cybersecurity, Digital Twin/Simulation) was provided. The
technologies were selected based on (Vaidya, Ambad, and
Bhosle 2018) and adapted for the Dutch industry according
to their relevance. The interviewees were asked to rank them
using a Likert scale ranging from 0 to 5, where 0 represents the
lowest introduction grade of a specific aspect in the industry.
Figure 3 offers an overview of the result of the survey. Finally,
the companies were asked to rank the highest grade (5) only
the elements that are ‘permanently’ embedded in their
workflow.

As it is possible to notice from Figure 3, the implementation
and acceptance of the Industry 4.0/Smart Industry elements
are far from being over or even close to a desirable level.
Augmented Reality and Additive Manufacturing are now,
quite under (or not at all) implemented amongst industries
of the three selected sectors with respectively an overall mean
value of 2.10 and 1.11 out of 5. On a positive note, the
companies included in the survey claim to have integrated
their workplace’s Big Data/Al, Cybersecurity and
Biointegration/Mobile Technologies in more structured ways
(mean values of 2.64, 2.89 and 2.62).

These results are also supported by the outcomes of the
Gartner Hype Curves published in the last decades (Gartner
Hype Cycle 2022). Even though it is difficult to create
a Gartner Hype Curve for the whole Industry 4.0 ecosystem,
it is possible to notice that most of the Industry 4.0 elements
are entering or moving through the ‘Trough of
Disillusionment’ phase (Figure 4). It means that, overall, less
than 5% of the potential audience has adopted fully Industry
4.0. But it also means that to climb the ‘Slope of
Enlightenment’ phase and reach the so-called ‘Plateau of
Productivity’, methodologies and best practices (Steinert,
Leifer, and Leifer 2010) need to be developed.

In the Netherlands, successful examples of companies that
employ Systems Engineering (SE) to deal with complex pro-
duct development and ongoing digital transformation are
ASML and Phillips. From its start in the 1980s, ASML has
taken a systems approach. While the organisation of the sys-
tems engineers has changed over time, from individuals to
a focused systems group, to an SE department and so on, the
common thread has been to balance the systems’ performance
with business aspects like the time-to-market. System budgets
have been a central point for developing new and improved

systems. For instance, overlay (=position accuracy), through-
put and imaging performance all have their budget. These
budgets are used for dividing overall system performance
over the subsystems and components. The importance of
communication in decision-making is visible in the focused
four o’clock sessions where people from various departments
and disciplines have the chance to discuss things together.
Philips Medical Systems (now Philips Healthcare) also has
a history in Systems Engineering. The CAFCR (Customer
Objectives, Application, Functional, Conceptual, Realisation)
method (Muller 2004) originates from Philips practice, as do
the A3 Architecture overviews (Juzgado 2010). Both cases
show the importance of interdisciplinary communication
which is a core component of Industry 4.0.

5. Discussion: demystification, barriers, and enablers
of industry 4.0

What can we learn from the information gathered and ana-
lysed? Based on the results of the survey, some interesting
conclusions can be derived to highlight the achievements that
were reached by adopting Industry 4.0 solutions, especially in
the Dutch market and the barriers and gaps that are still
constraining the full adoption of Industry 4.0.

5.1. Demystification of industry 4.0

As mentioned, the deployment of Industry 4.0 is far from
being achieved in cross-sectors and far from being embraced
by both SMEs and large companies. With its arrival, the
industrial world was seduced to believe that in a few years,
production would have become faster and cheaper, the reven-
ues would have been boosted and the market agility would
have increased (Kranz 2016). As mentioned by several authors,
it is a hit rather than hype (Ardito et al. 2019; Buer,
Strandhagen, and Chan 2018; Schroeder et al. 2019).
Unfortunately, not all these expectations match the current
reality. As pointed out in Section 4 a very limited number of
companies (and the number is even smaller if SMEs are con-
sidered), can introduce and master some of the Industry 4.0
features.

Analysing these difficulties, five main aspects of Industry
4.0 need to be demystified to understand how to proceed in the
coming decades, maximising the opportunities offered by the
available technology as the foundation of Industry 4.0.

5.1.1. Faster production

Now, a ‘leap’ change in the production speed has not happened
yet. Companies are unable to translate technology into mean-
ingful actions and processes to optimise production lines.
None or little effort has been deployed to increase the ability
of the operator to keep up with technological innovations
introduced by Industry 4.0. This situation generates a ‘flying
wheel’ effect that increases the gap between the operator and
technology. Moreover, even though digitalisation often allows
more flexibility in the processes, the decision-making process
becomes more complicated due to a large variety of options.
Finally, there is a high degree of underutilisation of capabilities
of the new technology adopted such as collaborative robots;
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due to the ongoing low readiness level in technology’s intro-
duction, several opportunities offered by the technology itself
remain unexplored and unused, limiting the possible positive
impacts. For example, the use of Additive manufacturing,
which is a technology that promises to shorten lead times
and make production faster, is under-adopted within our
sample of manufacturing companies.

5.1.2. Data gathering vs insight gathering

Industry 4.0 brought several data options for industries to
improve the connectivity between machine-machine and
machine-operator. However, this increased available connec-
tivity is stimulating a vicious phenomenon where companies
are striving to gather more data often without a clear strategy.
This causes a ‘strange’ correlation where more data does not
mean more insights.

Part of this problem is the paradigm of Fear of Missing Out
(FoMO) in combination with Faith in Future Opportunities
(FiFO). These aspects are shifting attention to the wrong point
for the companies making data collection and data manage-
ment the goal and not the means to reach a solution.

5.1.3. Cost reduction, boosted revenues and enable market
agility
The introduction of new technologies does not per se mean
cost reduction, operation optimisation or boosting revenues.
Digitalisation and IoT come with extra cost such as storage
cost for data, elaboration cost and communication cost not
contributing to efficiency in this way. To contribute to cost
increase there is the underutilisation of introduced technol-
ogy; indeed, this already mentioned factor does not contri-
bute to the overall financial efficiency of the manufacturing
processes.

Moreover, the speed of primary processes did change due to
the Industry 4.0 introduction: Computer numerical control

(CNC) or milling machines do not work faster if there is
a Digital Twin deployed in the factory that collects and ana-
lyzes information about the health of the system. The latter
originated from a deep misalignment between operation and
strategic levels in terms of expectations with operators at work-
shop levels conscious from the beginning that this manufac-
turing process speed acceleration would not happen.

Finally, and closely related to boosted revenues, the percep-
tion that Industry 4.0 features would have increased the mar-
ker agility quickly became unrealistic because all competitors
have access to the same new technology, highlighting how
smart engineering solutions based on proper design can
usually make the difference over the technology adoption.
This can be summarised as follows: companies often focus
too much on doing things right rather than doing the right
thing.

5.1.4. Process quality and industry 4.0

Like cost reduction, boosted revenues and enabled market
agility, the quality did not improve just because of the arrival
of Industry 4.0. Quality is not driven by information but
facilitated by that; therefore, the Industry 4.0 introduction
could not generate a ‘flawless’ production with enhanced qual-
ity. The introduction of specific instruments, such as manu-
facturing monitoring sensors to adjust in real-time the
production characteristics, can only support a better process
quality by offering the operators information for adjusting
parameters.

5.1.5. Environmental sustainability

Environmental sustainability is an important change driver for
the industry, fostered by social awareness and pressure
(Rodger et al. 2021). Several studies claimed that Industry 4.0
would have a major role in enhancing the environmental
sustainability of manufacturing and reducing the possible



impacts of current manufacturing productions. However, this
is not an automatic and easy objective to reach, positioning
digitalisation as part of the solution but also part of the pro-
blem (Hilty and Aebischer 2015; Thiede 2021; Thiede,
Damgrave, and Lutters 2022).

5.2. The way forward to fill the gaps

The transition towards Industry 4.0 requires the integration of
various innovative technologies (such as CPS, manufacturing
systems, smart factories, higher automation, etc.), new product
development methods, new processes, and all these with
human needs, safety, and socio-ethical responsibility in mind
(Berx, Decré, and Pintelon 2022; Kapeller et al. 2021;
Martinetti et al. 2021). Additionally, Industry 4.0 comes with
the integration of multiple disciplines in the workplace. Several
types of engineers, information specialists, designers, psychol-
ogists, and business experts come together to deal with com-
plex projects. This is very evident in recent years not only in
manufacturing but also in the field of medical robotic technol-
ogies, which integrate an ever-increasing number of technol-
ogies and disciplines that, however, did not yet converge
towards healthcare 4.0 (Nizamis et al. 2021,). Overall, this
may lead to the rise of complexity and the need for easier
multidisciplinary communication and a holistic system view.
In our research, we observed several successful enablers and
existing barriers:

5.2.1. Successful enablers

Transitioning towards Industry 4.0 for an enterprise is
a complex task and is not only technological but also linked
with humans, processes, and various intertwined economic
and social aspects. Thus, developments stemming from SE,
such as model-based SE (MBSE) (Mandel et al. 2020), can be
helpful for the transition towards digital transformation
(Kenett, Swarz, and Zonnenshain 2022; Samaras 2022). SE
constitutes a young engineering discipline (that itself trans-
cends all other disciplines, fields, and sectors) that aims to
facilitate multidisciplinary communication, integration
towards a common goal (a working system), dealing with
complexity, and many more (SEBoK 2022). It can be seen as
a combination of processes (vee, spiral, and waterfall models,
etc.) (SEBoK 2022), tools (context, N2, and functional flow
diagrams, etc.), and thinking (Bonnema and Broenink 2016),
that together can help the design and organisation of complex
systems (Bonnema, Veenvliet, and Broenink 2016; SEBoK
2022).

5.2.2. Current barriers

One of the main challenges in the implementation and inte-
gration of multiple Industry 4.0 elements is the skills transfor-
mation of the workforce (L. Li 2022). To transition from the
current situation into the full adaptation of the promises and
opportunities that Industry 4.0 offers we need to consider the
place of the human in the transition (Romero, Stahre, and
Taisch 2020). This was identified and added as an extra dimen-
sion in the definition of Industry 5.0 (Leng et al. 2022; Romero,
Stahre, and Taisch 2020). Romero et al. have identified this as
operator 4.0 or 5.0 (Directorate-General for Research and
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Innovation European Commission 2022). This is a new type
of worker whose skills are augmented by technology, and at the
same time requires a different mindset than the existing one to
become a knowledge worker and learn how to process large
amounts of information (Fitsilis, Tsoutsa, and Gerogiannis
2018; L. Li 2022; D. Li et al. 2022). Until the new generation
of operators acquires this skillset via education or practice, we
identify a gap in time and skills, where the existing workforce
needs to acquire all or some of these skills. Fostering the
development of such skills via continuous professional devel-
opment (CPD) (Vodenko, Komissarova, and Kulikov 2019)
may remove this barrier and result in this new type of operator
becoming an enabler for transformation.

5.2.3. Industry 4.0: is it a revolution?

It is often argued that Industry 4.0 has revolutionary charac-
teristics because it has the potential to radically change the way
we work but also society. 10 years after it was first established
as a term, we have observed small steps in its adoption in
highly competitive sectors, primarily in the Western world. It
has largely left the way many industrial sectors work largely
unaffected. The timeframe of technological adoption in main-
stream industrial domains has shortened but remains quite
long to claim that it is a revolution. Further, in summary, the
reasons that indicate that Industry 4.0 has an evolutionary
character are seen below:

(1) Gradual evolution: Industry 4.0 is seen as a gradual evolu-
tion of the previous industrial revolutions, rather than
a sudden, transformative revolution. The advancements
made in Industry 4.0 build on the technologies and pro-
cesses developed during the previous industrial
revolutions.

(2) Continuity of principles: Industry 4.0 is built on the same
principles that drove the previous industrial revolutions,
such as the use of automation, mass production, and
standardisation. Rather than introducing entirely new
concepts, Industry 4.0 builds on these existing principles
to create a more advanced and efficient system.

(3) Incremental improvements: Industry 4.0 represents
incremental improvements and advancements in tech-
nology, rather than a radical departure from the past.
Many of the technologies and processes that make up
Industry 4.0 have been in development for decades and
have gradually become more sophisticated over time.

(4) Adoption over time: The implementation of Industry
4.0 technologies and processes is likely to occur over
a long period, as businesses gradually adopt new tech-
nologies and processes. This slow adoption is charac-
teristic of an evolutionary process, rather than
a revolutionary one.

6. Limitations of the study

The selection of the mixed methods research methodology,
instead of a standalone qualitative or quantitative research
methodology, was motivated by our intention to discuss the
authors’ opinion on the implementation of Industry 4.0 in the
Netherlands in a more broad, flexible, and comprehensive way.
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This methodological triangulation allowed us to assume multi-
ple viewpoints and approach the same topic from multiple
angles. On the other hand, the choice of such a methodology
in combination with the author’s perspective may result in
conclusions that are hard to replicate and need to be treated
with caution. Another limitation may be the difficulty of
comparing or combining results from both qualitative and
quantitative analyses.

7. Conclusion

Industry 4.0 brought the challenge of introducing ICT solu-
tions to raise efficiency and quality in all industrial domains.
Despite the efforts to implement a part of Industry 4.0, there
are still several challenges and issues that need to be addressed
and solved to call this industrial revolution a success.

This opinion paper analyses the pervasiveness of Industry
4.0 elements in the heavily industrialised Dutch market, taking
into consideration three main sectors: manufacturing, energy,
and infrastructure. The survey outcomes were displayed
through radar plots for each sector. Based on these results,
a Gartner Hype Circle for Industry 4.0 elements was created to
show the position of every single element in its lifetime phase
and identify the challenges for the implementation of
Industry 4.0.

Differently from other Industry 4.0 papers this paper pro-
poses a demystification of Industry 4.0 to deeply understand
why some of the promises and expectations a decade ago were
not supported by industrial results and significant improve-
ments. Amongst others, faster production and cost reduction
boosted Revenues and enabled market agility.

Finally, the paper aims to create the foundation for
a smoother transition to I5.0 by alleviating similar bottlenecks
and by reflecting on existing challenges. Therefore, other simi-
lar contexts can be inspired and motivated in addressing such
challenges timely
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