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Abstract: This paper presents a structured framework for implementing Industry 4.0 projects. The
framework is developed through an extensive review of the existing literature, wherein poten-
tial challenges and success factors related to adopting disruptive technologies in such projects are
systematically analyzed and categorized. Additionally, the authors introduce a semi-structured ques-
tionnaire tailored for interviews with key decision-makers in companies strategically pursuing digital
transformation. This questionnaire is designed to elicit valuable insights based on the experiences and
perspectives of these decision-makers. The resulting framework is synthesized from the interviews
and literature review. It delineates the essential steps necessary for the effective implementation of
Industry 4.0 projects, focusing on establishing strategic priorities as the foundational stage of the
entire process.
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1. Introduction

Today, we find ourselves amid the fourth industrial revolution, Industry 4.0. Coined
in 2011 in Germany, Industry 4.0 has gained widespread recognition, with scholars positing
its pivotal role in maintaining competitiveness in today’s industries [1]. Industry 4.0
catalyzes the emergence of new business models and avenues for enhancing product and
service quality [2]. Manufacturing industries are transitioning from mass production to
extensive product customization, with pervasive communication channels among humans,
machines, and between machines [3], facilitating superior information management and
decision-making [4].

Numerous scholars highlight that Industry 4.0 hinges on industrial components” abil-
ity to communicate seamlessly [5]. Consequently, organizations must navigate a complex
transformation process, addressing dimensions spanning organizations, finance, tech-
nology, operations, and sustainability. Achieving the envisioned goals of Industry 4.0
necessitates the meticulous selection and holistic management of projects, characterized
by the inherent uncertainty and complexity stemming from the disruptive nature of the
technologies involved and their impacts [6].

Integrating sustainability into Industry 4.0 practices presents another layer of
complexity [7,8]. Although Industry 4.0 has the potential to significantly reduce waste
and improve energy efficiency through optimized production processes, the initial high
costs and complexity of Industry 4.0 eco-friendly technologies can be prohibitive for many
organizations [9]. Furthermore, the focus on technological solutions sometimes overshad-
ows the need for a holistic approach to sustainability, including both environmental and
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social and economic dimensions [10]. The challenge lies in aligning Industry 4.0 innovations
with sustainability goals without compromising the economic viability of businesses [11,12].

This research investigates approaches organizations employ in their project implemen-
tations, spanning traditional best practices exemplified in the Project Management Body of
Knowledge (PMBOK) by the Project Management Institute (PMI) to agile approaches like
Scrum. The PMBOK, developed by PMI starting in the 1990s, serves as a compendium of
project management knowledge, processes, skills, tools, and techniques deemed funda-
mental in enhancing the likelihood of success across various project types. Scrum, in use
since the 1990s, provides a framework for managing complex product development and
establishing roles, artifacts, and events for dealing with project uncertainty [13].

Despite the availability of project management guides, a void persists in methods for
a more tailored approach addressing the definition, portfolio formation, and execution of
projects in the context of Industry 4.0, particularly within organizations actively pursuing
new technologies. Organizations across diverse industries engage in project implementa-
tions as a routine practice. However, when it comes to assimilating disruptive technologies
such as Industry 4.0, the complexity and uncertainty are magnified, necessitating poten-
tially specialized steps for project implementation. This research endeavors to define and
delineate these steps, if they exist, by scrutinizing concrete cases and the available literature.
The objective of this research is to systematize a comprehensive framework for managing
the implementation of Industry 4.0 projects by (1) identifying the specific challenges at-
tributed to the disruptive nature of these projects; (2) assessing the existence and relevance
of distinct steps for managing Industry 4.0 project implementation; and (3) elaborating
upon specific steps that may serve as facilitators in the management of Industry 4.0 projects,
should they be discerned.

The following research questions will be addressed in this study:

(1) What challenges are encountered when implementing Industry 4.0 projects?

(2) What best practices can be gleaned from successful disruptive technology projects?

(8) Are there specific, definable steps that should be integrated into a comprehensive
framework for implementing Industry 4.0 projects?

In this study, the utilization of the PRINCE2 methodology was proposed as a structural
foundation for the inclusion or exclusion of stages, owing to its business-centric focus and
adherence to PMBOK best practices, thereby operationalizing them in various aspects.
According to the PRINCE2 methodology, every project introduces change to the business
environment. Projects are transient in nature, allowing the organization to revert to normal
operations following adjustments. They involve integration across multiple domains, are
fraught with inherent uncertainties, and, most notably, are unique in their execution, even
when concurrent with other projects. PRINCE?2, widely adopted in the UK, embodies a
seven-process approach to effective project management: (1) starting a project; (2) directing
a project; (3) initiating a project; (4) controlling a stage; (5) managing product delivery;
(6) managing project boundaries; (7) closing a project [14].

Choosing PRINCE?2 as the backbone of the proposed approach helps bridge gaps
related to project actions and project uncertainties associated with the sustainability is-
sues of adopting new technologies. Given the integrative nature of PRINCE2 and its
incorporation of project management best practices, it helps treat these issues during
project initiation, planning, execution, and closing. In this sense, technology adoption
becomes more than a matter of business model innovation or efficiency but also of meeting
triple-bottom-line concerns.

This paper follows this structure: Section 2 discusses the underlying concepts of
Industry 4.0 and PRINCE2 related to this work. Section 3 presents the research approach
that was adopted, which is composed of a systematic literature review and interviews
with experts. Section 4 presents the results of the literature review and the interviews.
Section 5 discusses the proposed framework and its implications. Lastly, Section 6 provides
concluding remarks for this work.
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2. Theoretical Background
2.1. Industry 4.0

Industry 4.0, characterized by integrating smart technologies like the Internet of Things
(IoT), cyber-physical systems, and cloud computing into manufacturing, represents a signif-
icant shift towards more interconnected and intelligent production environments [15]. This
revolution optimizes production processes and introduces flexibility and efficiency, allow-
ing for real-time decision-making and reduced downtime. The core principles that guide
the transformation toward Industry 4.0 include interoperability, virtualization, decentral-
ization, real-time capability, service orientation, and modularity, which collectively enable
the creation of smart factories. These factories can self-optimize and significantly enhance
productivity by leveraging digital technologies to automate and improve manufacturing
processes [16].

However, the implementation of Industry 4.0 comes with its set of challenges, particu-
larly in technology adoption. One significant hurdle is the digital divide between large-scale
enterprises and small- to medium-sized enterprises (SMEs). While larger companies may
have the capital and infrastructure to invest in and deploy cutting-edge technologies,
SMEs often struggle with limited resources, making it difficult to adopt and integrate
these advanced systems into their operations. Additionally, the complexity of Industry 4.0
technologies demands a highly skilled workforce capable of managing and maintaining
these sophisticated systems, posing a challenge in terms of training and skill development
across industries [17-21].

Despite these obstacles, adopting Industry 4.0 technologies offers immense opportu-
nities for businesses to become more efficient, agile, and customer-focused. The benefits
extend beyond mere productivity gains, encompassing enhanced product quality, improved
working conditions, and greater sustainability. By embracing digital transformation, compa-
nies can achieve superior operational performance and develop a competitive edge [22,23].

The path to a successful Industry 4.0 transition requires navigating challenges with
strategic planning, investment in training and skills development, and a commitment
to sustainability that goes beyond mere technological upgrades. Policymakers, industry
leaders, and academic institutions must collaborate to create an ecosystem that supports
technology adoption while ensuring that the benefits of Industry 4.0 are accessible to all
stakeholders, including smaller enterprises, and are aligned with broader environmental
and social objectives [22].

2.2. Projects in Controlled Environments (PRINCE2)

PRINCE2 (Projects in Controlled Environments) is a widely recognized project man-
agement approach used by organizations and governments to manage and control the
execution of various types of projects. It provides a structured approach that covers project
organization, management, and control, emphasizing dividing projects into manageable
and controllable stages. PRINCE?2 is built on seven principles, seven themes, and seven pro-
cesses that guide project managers in executing projects effectively, ensuring that the project
remains viable, and achieves its objectives within cost, time, and quality constraints [24,25].

One of the key benefits of PRINCE2 is its flexibility and adaptability to any type and
size of project. This methodology ensures a high degree of control and organization over
the project lifecycle, facilitating effective decision-making and risk management. PRINCE2
also emphasizes a product-focused approach, which helps to deliver projects that meet
requirements and contribute value to the organization. Additionally, its well-defined
framework supports clear communication among project stakeholders, fostering a common
language and understanding that enhances project outcomes [26].

However, PRINCE2 is sometimes perceived as a rigid framework that can be daunt-
ing for organizations. The methodology requires significant investment in training and
certification to be effectively implemented, which might be a barrier for smaller organi-
zations or teams. Moreover, the emphasis on documentation and process can sometimes
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lead to bureaucratic overhead, potentially slowing down project progress if not managed
carefully [26-28].

The application of PRINCE2 follows a process-based approach. Each process is
designed to guide the project team through the development, execution, and delivery
of the project, ensuring that objectives are clear, roles and responsibilities are defined, and
risks are managed [28].

(1) Starting Up a Project (SU): This involves the preliminary evaluation of the project
to ensure it is viable before any significant resources are committed. Key activities
include appointing the project team, defining the project brief, and creating an initial
project plan. This phase sets the foundation by clarifying the project’s objectives,
scope, constraints, and justification, ensuring a solid basis for the decision to proceed.

(2) Directing a Project (DP): Spanning from the project’s initiation to closure, this step
outlines the project board’s roles and responsibilities, including executive, senior user,
and senior supplier roles. The board is responsible for providing overall direction
and management, making key decisions, and ensuring the project remains aligned
with organizational strategies and objectives. This step involves key decision points,
notably project authorization, at various stages.

(3) Initiating a Project (IP): Detailed planning ensures a strong foundation for project
control and management in this phase. It includes developing Project Initiation Docu-
mentation (PID) encompassing the project’s approach and management strategies,
and a detailed plan. This documentation serves as a reference point throughout the
project lifecycle, outlining how the project will be executed, monitored, and controlled.

(4) Controlling a Stage (CS): PRINCE2 projects are divided into stages, and this process
governs the monitoring and control activities within each stage. Tasks include as-
signing work, monitoring progress, managing issues and risks, and ensuring stage
boundaries are adhered to. This step is crucial for maintaining control over the project
by ensuring regular reviews and assessments and facilitating timely decision-making
and adjustments as needed.

(5) Managing Product Delivery (MP): This process ensures that the project’s products
are created and delivered according to the specified requirements, timeframes, and
quality standards. It involves close communication between the project manager and
the team members tasked with producing the project’s outputs. Activities include
accepting, executing, and delivering work packages, along with quality checks to
ensure that deliverables meet the predefined standards.

(6) Managing a Stage Boundary (SB): This step focuses on reviewing the current stage
and planning the next stage, ensuring the project remains on track and aligned with
its objectives. It involves updating the project plan and business case based on the
latest project performance and information, preparing for the next stage, and seeking
approval from the project board to move forward. This process allows for reflection
and learning, ensuring continuous improvement.

(7) Closing a Project (CP): The final step involves formalizing the acceptance of the
project’s product, disbanding the project team, and either closing the project or rec-
ommending it move to the next phase if it is part of a larger program. This process
includes activities such as handing over deliverables, evaluating project performance
against its objectives, identifying lessons learned, and ensuring all project documenta-
tion is completed and archived.

3. Research Approach

The research approach employed in this study encompasses two distinct sources of
information, each contributing to a comprehensive understanding of the challenges and
management aspects associated with Industry 4.0 projects towards the development of a
comprehensive framework that helps address these issues. Figure 1 provides an overview
of the research approach.
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Figure 1. Research approach adopted in this study, representing the steps, support elements (below

steps), intermediate products (above steps), and information flow [29,30].

The two main methodological approaches employed are as follows:

Systematic Literature Review: The first source of information involves a systematic liter-
ature review that encompasses the academic landscape surrounding the challenges, suc-
cess factors, and failure factors pertinent to implementing and managing Industry 4.0
projects. This rigorous review serves as the foundational knowledge base for the devel-
opment of the subsequent data collection instrument, a semi-structured questionnaire.
Expert Interviews: The second source of information involves interviews with key in-
dustry practitioners through the application of semi-structured questionnaires. These
interviews provide valuable, first-hand accounts of practical challenges and solutions
related to the implementation of Industry 4.0 projects from real-world cases, align-
ing with the principles of Yin’s multiple case study method [31]. The choice of this
method is driven by the dynamic and evolving nature of Industry 4.0, which exists
within a real-world context that lacks clear boundaries between the phenomenon and
its surrounding environment. Additionally, this method allows for the inclusion of
qualitative and quantitative data, offering a holistic perspective on the subject matter.
By incorporating these real-world perspectives, this research aims to bridge the gap
between academic discourse and practical industry experiences.

3.1. Systematic Literature Review

The establishment of a solid theoretical foundation for this study commenced with

applying the Knowledge Development Process—Constructivist approach, also known
as Proknow-C [32,33]. This method was the guiding framework for constructing the
bibliographic portfolio essential for the subsequent literature review. The process involved
several distinct steps, depicted in Figure 2, to ensure a comprehensive and well-informed
exploration of the chosen research area:

Defining Research Axes and Search Terms: The initial step involved defining specific
research axes and selecting pertinent search terms to guide the exploration of the
literature. Two primary axes were identified: “Industry 4.0” and “project implementa-
tion”. For these axes, the following search terms were established: “4.0”, “indust*”,
“project*”, and “implement*”. These terms were meticulously selected to capture a
broad spectrum of relevant articles in the field.

Combining Search Terms: To refine the search process, combined the selected search
terms were combined in two distinct ways: (1) “4.0 AND implement* AND project*
AND indust*”; (2) “implementation” AND “industry 4.0”.

Databases Selection: To access a comprehensive pool of scholarly resources, two
prominent databases were chosen: Scopus and Web of Science. These databases
collectively yielded a total of 3208 documents published from January 2015 to February
2024. Filtering them by peer-reviewed articles or literature reviews yielded a total
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of 2388 articles; 309 were indexed in Scopus, and 1687 were sourced from Web of
Science. After removing duplicate titles (196), we were left with 2192 articles for
further evaluation and alignment with the research theme.

Title Screening and Alignment: In the initial phase of screening, we scrutinized the
titles of the 2192 articles and kept 150. The remainder were excluded due to mis-
alignment with the research objectives. These exclusions were primarily based on the
articles’ failure to address the research focus adequately.

Citation-Based Filtering: The next step involved filtering the remaining 150 articles
based on the number of citations they had received. A cutoff criterion of 15 citations
was applied, resulting in 57 articles meeting this criterion, accounting for 83.8% of the
citations up to the search date.

Abstract Reading and Refinement: Following the citation-based filtering, we proceeded
to read the abstracts of the 57 selected articles. After careful consideration, 31 articles
were retained as they aligned closely with the research theme. These 31 articles became
a foundational part of the study’s bibliographic portfolio.

Author Analysis: Additionally, we examined the authors contributing to these 31 articles,
aiming to expand the potential portfolio further. However, when we extended our
search to locate these authors in the papers published more than two years ago, the
abstracts did not align with the research theme.

Further Abstract-Based Selection: To augment our portfolio, we broadened our search
to include 93 papers that did not meet the initial citation-based cutoff criterion. Notably,
57 of these papers had been published in the last two years, and 14 of them featured
abstracts that were closely aligned with the research theme. Nevertheless, the same
stringent filtering criteria were applied, eliminating articles that focused on specific
technologies, lacked a comprehensive analysis, did not address management issues,
or concentrated solely on specific industry niches.

Final Bibliographic Portfolio: The culmination of these selection processes resulted
in a bibliographic portfolio comprising 45 articles, all with abstracts closely aligned
with the research theme. These articles were selected for comprehensive reading and
analysis, providing a solid foundation for the subsequent phases of this study. Notably,
33 of these articles were instrumental in shaping the bibliographic references for this
research, enriching the framework with relevant insights, and expanding the scope of
the study. These papers were selected because they directly explored either potential
challenges or critical success factors for the adoption of Industry 4.0 technologies.
Challenges were directly addressed and discussed, not only mentioned as a side-effect
or something to be further examined.

3.2. Expert Interviews

For the expert interviews, a semi-structured questionnaire was created, designed to

facilitate the evaluation and refinement of the initial research model. This questionnaire
aligns with the five dimensions for the study of practice, outlined by [29] and elaborated
upon by [30]:

Work and Effort: This dimension seeks to elucidate the unique challenges and steps
involved in the implementation of Industry 4.0 projects, differentiating them from
traditional project implementations. Key questions include the following:

o Are there distinct steps for the implementation of Industry 4.0 projects not found
in traditional project implementations?

o Does the company employ specific methodologies or frameworks for managing
Industry 4.0 projects?

Materiality: Focusing on the material aspects of projects and their business connection,
this dimension explores questions such as the following:

o Was there a tangible problem that necessitated the project?
o How are the projects interconnected, and what is their impact on the organization?
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Creativity: Given the disruptive nature of Industry 4.0 technologies, this dimension
delves into the need for ongoing innovation within related projects, examining factors
such as the following:
o  How disruptive are the technologies involved?
o How does the company foster creativity and proactivity among project participants?
Knowledge: This dimension aims to understand how lessons and best practices are
developed, shared, and absorbed within the organization:
o What best practices have been observed for successful projects involving disrup-
tive technologies?
o How are these best practices shared, and is there a mechanism for confirming
their adoption?
Interests and Power: The final set of questions investigates the organizational hierarchy,
power dynamics, and decision-making agility within the company, as well as the
barriers and challenges faced in implementing Industry 4.0 projects:
Is there executive support for executing Industry 4.0 projects?
How are project themes selected, and who is involved in these decisions?
What critical barriers have been encountered during project implementation?

)
g Initial 3208 documents > K.eep orlly' peer-rev1evx'7ed
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) from [34]

drill-down for the systematic literature review performed in this study.
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This study comprises interviews with seven key decision-makers representing six
companies, spanning both industrial and service sectors. These companies have actively
implemented projects involving Industry 4.0 technologies, providing diverse perspectives
and insights into the challenges and management approaches associated with such initia-
tives. A profile of the interviewees can be seen in Table 1. All interviewees have experience
with Industry 4.0 initiatives, either at a portfolio or program level, project planning level, or
project execution level, and had, at the time of the interviews, over five years of experience
with such initiatives.

Table 1. Profile of the interviewees, with the industry they belong to, and remarks on the interviews.

Industry Interviewees Remarks
. Project Management Office (PMO) and Addltlona.ally, the 1nterv1ew§ anc.1 1nst.1t.ut10nal
Automotive presentation and a production line visit

Industry 4.0 planning director were organized

Domestic appliances

The focus of the interview was on the Industry
4.0 transformation journey that the company
undertook in past years

Industry 4.0 project planning professional and
Industry 4.0 project manager

Food

The focus of the interview was on the
establishment of the company’s new factory
and the application of Industry 4.0
technologies in it

Industry 4.0 project manager (centralized role)

Agricultural machines

C-Level manager, responsible for technology
adoption and Industry 4.0 projects

The focus was on the policy of experimentation
of digital technologies by the company

Automation

Industry 4.0 project manager

The focus was on the dynamics of teams that

pilot Industry 4.0 initiatives

Automation and technology
advisory

The focus was on the perception of the
interviewee according to the different projects
he has advised on in several companies

Main advisor for Industry 4.0 projects

4. Results
4.1. Systematic Literature Review

Through a meticulous examination of the papers in the bibliographic portfolio, the
systematic review unearthed both potential challenges (outlined in Section 3.1) and success
factors (detailed in Section 3.2).

4.1.1. Potential Challenges

The following challenges associated with the implementation of Industry 4.0 projects
have been identified within the existing body of literature:

e Integration of Projects: The integration of novel technologies with existing systems
has emerged as a critical challenge. This process entails a thorough analysis of the
current operational landscape, often leveraging modernization or expansion efforts
as a foundation [35]. Ref. [36] presents four cases illustrating companies’ procedures
to introduce digital elements in their operations. Using a multi-case methodology,
they analyze projects’ documentation and interviews to describe the organizational
path to digitalization. The authors propose a five-step common path: (1) customer
orientation and operational efficiency, (2) understanding the operation, (3) developing
solutions with technology, if necessary, (4) solution implementation and integration,
and (5) reviewing and looking after new improvements.

e  Human Resources: Several multifaceted challenges related to human resources have
been underscored. These challenges encompass team attitudes towards Industry 4.0,
the scarcity of specialized experts, the deficiency in management skills, gaps in techno-
logical knowledge, and time constraints. The impact of Industry 4.0 on employment
remains a topic of debate, with routine or simplistic job roles potentially decreasing,
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necessitating additional training and reskilling—an aspect that presents a broader
societal challenge. Professional development and training have emerged as pivotal
factors for the successful implementation of Industry 4.0 [37-39]. Ref. [40] focuses on
the challenges associated with adopting Industry 4.0 technologies in manufacturing,
identifying the “Lack of employee skills” and “lack of technological infrastructure” as
the topmost challenges in adopting Industry 4.0. Ref. [41] From the literature review,
the authors sum up 35 key organizational challenges to implementing Industry 4.0
technology, the top one being the lack of a skilled workforce.

e Communications: In the realm of communication, the transition from linear commu-
nication models to decentralized and less controllable forms has introduced notable
complexities. The rise of social networks has democratized information sharing among
stakeholders and communication participants. Electronic media has been recognized
as a primary means of disseminating information regarding the adoption of new
technologies. Additionally, challenges in this domain encompass communication
standards, agile data collection on factory floors, network infrastructure, and data
security [2,42]. Ref. [43] reports the challenges encountered during the transformation
process from a traditional food manufacturer to adopting Industry 4.0 technologies.
For each technology, from data collection and real-time big data to a cloud-based dash-
board and security, the authors describe the challenges and how they overcame them.

e  Cost: The substantial cost associated with implementing Industry 4.0 initiatives
represents a significant hurdle. Demonstrating a tangible return on investment can
prove challenging, as noted by [44,45]. The dynamic nature of technology introduces
an element of risk, further complicating investment decisions. While financial re-
sources are often available, particularly within organizations strategically oriented
toward digital transformation, careful evaluation and allocation of these resources
within the project portfolio remain essential [45]. Ref. [46] analyzes barriers to fully
implementing Industry 4.0 vision, identifying areas in which decision support is vital.
Among them are the lack of interoperability or standards, security concerns, and
uncertain ROL Ref. [47] carried out research using a sample of 114 manufacturing
enterprises to determine and analyze the critical success factors in project management
and their relation to Industry 4.0 and sustainability. They found that finance was a
critical success factor for evaluating the benefits of sustainability and environmental
protection benefits in Industry 4.0 projects.

e  Acquisition for Projects: Technology companies engaged in implementing Industry
4.0 projects may gain profound insights into clients” business operations, potentially
leading to competition in the market [48].

e  Top Management Support: A critical prerequisite for the successful implementation
of Industry 4.0 projects and the overarching adoption of Industry 4.0 principles is
unwavering support from top management. Such support fosters a culture of innova-
tion and encourages employees to seek novel solutions to challenges, including the
utilization of Industry 4.0 technologies [49]. Ref. [50] studies the drivers and barriers
to the adoption of Artificial Intelligence (Al). The drivers include support from top
management and organizational readiness.

Additionally to these challenges, ref. [51] analyzes the impact of Industry 4.0 imple-
mentation on supply chains and develops an implementation framework by considering
as barriers financial constraints, a lack of management support, resistance to change, a
lack of expertise, and legal issues. Ref. [52] empirically investigates and comparatively
analyzes the benefits, challenges, and critical success factors (CSFs) of Industry 4.0 across
four continents and developing and developed economies. The main finding is that the
challenges change across continents; for example, in Africa, “Employee’s resistance to
change” is the biggest challenge, and in Europe and North America, it is “Lack of I 4.0
skills and know-how”. Ref. [53] aimed to identify Industry 4.0 approaches (technologies,
projected benefits, and barriers to Industry 4.0) and its main applicability in the broiler
meat production chain in the poultry sector. The main barriers to Industry 4.0, also known
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as inhibiting factors, are high investments, the lack of knowledge, uncertainties in results,
and challenges in qualifying human capital.

4.1.2. Implementation Success Factors

The key internal factors influencing the implementation of Industry 4.0 projects

derived from scholarly research are outlined as follows:

Perception of Implementation Benefits: The perceived benefits of implementation, par-
ticularly in terms of operational flexibility and efficiency, stand out as a critical factor.
This aspect, emphasized by [1], serves as both an enabling and pivotal determinant in
the context of smart manufacturing implementation. However, it is noteworthy that
the perception of value addition to the consumer market remains somewhat underde-
veloped among managerial stakeholders. Nevertheless, substantial improvements in
industrial process monitoring have been observed [48]. Ref. [54] presents the critical
components of the framework of Industry 4.0 and the basic stage of implementing the
concept in enterprises. Their framework begins with the internal preparation of the
company for Industry 4.0 projects, including production 4.0 as a strategic goal, pilot
projects in production 4.0, the launch of smart production systems, and improving
production-related activities (e.g., internal and external logistics), and finishes with
cyber-physical systems.

Strategic Alignment: Strategic alignment emerges as a focal point for Industry 4.0
initiatives. Ref. [55] underscores the importance of aligning 4.0 initiatives with the
overarching organizational strategy—a fundamental cornerstone of successful imple-
mentation. This strategic alignment guides macro-level decisions within the company,
substantially enhancing the likelihood of successful implementation. The active spon-
sorship of 4.0 initiatives by management, especially senior executives, is identified
as a critical success factor by [55]. This entails a structural transformation aimed at
fostering vertical integration within hierarchical subsystems within a factory. Addi-
tionally, it aims to create a flexible and configurable system and encourages horizontal
integration through value networks, promoting collaboration among corporations.
IT Infrastructure Maturity: The maturity of the IT infrastructure assumes a central
role in the successful implementation of Industry 4.0 initiatives. This maturity is
distinguished by several key attributes, including openness, flexibility, and the ca-
pacity for seamless integration with emerging technologies. Ref. [56] underpins the
significance of cultivating a technologically advanced infrastructure as the foremost
challenge in the entire implementation journey. This imperative underscores the need
for organizations to invest in cutting-edge technology and foster an environment
where these technologies can harmoniously coexist and evolve. The extent to which an
organization’s IT infrastructure can readily embrace and adapt to new technological
paradigms can significantly impact the effectiveness and efficiency of Industry 4.0
projects. Thus, it becomes imperative for entities to meticulously evaluate and enhance
their IT landscapes to align with the dynamic demands of Industry 4.0.
Development of Internal Knowledge and Skills: The internal development of knowl-
edge and skills related to the transition to Industry 4.0 assumes paramount importance.
Ref. [57] highlights the significance of behavioral skills and social intelligence as deter-
minants in mitigating the risks associated with workplace displacement due to the
introduction of new technologies. Ref. [58] investigates the relevant antecedents of
essential capability for digital transformation, identifying three micro-foundations
for digital capability: digital-savvy skills, digital intensity, and context for action
and interaction. The authors used Structural Equation Modeling to link these micro-
foundations with business performance. They tested the model in 427 large companies
from different sectors.

Lean Experience: Previous experience with lean methodologies represents a notewor-
thy precursor that augments the prospects of fruitful Industry 4.0 implementation.
Organizations well versed in the principles of lean management bring a valuable
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reservoir of knowledge to the table. This familiarity with lean practices, characterized
by an emphasis on efficiency, waste reduction, and continuous improvement, provides
a solid foundation for transitioning into the intricacies of Industry 4.0. Such experience
not only fosters a culture of operational excellence but also instills a mindset attuned to
optimizing processes. As a result, these organizations are better positioned to navigate
the challenges and complexities that often accompany the adoption of Industry 4.0
technologies, potentially increasing the likelihood of successful implementation.

e  Occupational Health and Safety: The integration of Industry 4.0 technologies into
the workplace may introduce transformative changes with implications for occupa-
tional health and safety. As traditional manufacturing processes evolve into digitally
driven and automated systems, the risk landscape within industrial environments
may undergo alterations. These changes necessitate careful consideration and eval-
uation. While Industry 4.0 has the potential to enhance workplace safety through
real-time monitoring and predictive maintenance, it may also introduce novel chal-
lenges related to cybersecurity and the safe interaction of humans with advanced
machinery. Consequently, it is essential for organizations embarking on Industry
4.0 initiatives to proactively assess and manage these evolving risk levels to ensure
that occupational health and safety standards are not compromised in the pursuit of
technological advancement.

Additionally to these critical success factors, ref. [51] states that the drivers for imple-
menting Industry 4.0 projects they found in their study were agility, customization, accuracy,
and efficiency. Ref. [59] identifies engineering and production management requirements
in an I4.0 setting using a literature review of 130 articles. The principles identified were
interconnection/connectivity, information transparency, decentralized decision-making,
technical assistance, the human factor, technology, intelligence/awareness, knowledge, and
interoperability. The authors of Ref. [52] establish in their work that the critical success
factors are the same across continents: “Aligning the I 4.0 initiatives with organizational
strategy”, “Top management support to I 4.0 initiatives”, and “Employees will be important
for the success of 1 4.0”.

4.2. Interviews

Based on the insights garnered from the conducted interviews and informed by
pertinent literature, several crucial determinants for the digital transformation of the
examined companies can be elucidated:

e  Company Strategy for Digital Transformation/C-Level Support: A fundamental pre-
requisite for digital transformation is the presence of a well-defined organizational
strategy aligned with this transformative endeavor. Such strategic alignment neces-
sitates unequivocal sponsorship from the C-level leadership. The absence of such
support can severely impede the effectiveness of digital transformation initiatives, as
underscored by [55,60].

e  Human-Centric Transformation: Effecting a successful digital transformation often
entails a cultural shift within organizations. This shift involves empowering teams,
fostering an environment conducive to active listening, encouraging participation,
and stimulating creativity. While technology and processes are pivotal, their ultimate
utility hinges on their enthusiastic adoption and utilization by people. A pivotal aspect
of this human-centric approach is instilling an innate curiosity to learn about new
technologies and the acquisition of requisite skills for navigating the digital transfor-
mation landscape. As identified by [39], essential competencies for professionals in
the Industry 4.0 milieu encompass the ability to navigate complexity, resolve intricate
challenges, and adapt adeptly to novel circumstances.

e  Problem Relevance: The existence of a genuine and pertinent problem to be solved
serves as a linchpin for the success and sustainability of any project. Assessing the
problem’s significance and weighing the cost of its potential solution against the antic-
ipated financial returns are critical considerations. Some projects may falter during



Sustainability 2024, 16, 2387

12 of 20

this phase if they fail to address a problem that the organization genuinely recognizes
or if the solution’s cost outweighs the expected returns. Ref. [35] underscores the
importance of evaluating whether the integration of new and existing technologies
augments process value. An in-depth analysis of the current operational landscape,
often drawing from modernization or expansion efforts, forms a foundational aspect
of this assessment.

e Alignment of Technology Selection with the Problem: It is common for the allure
of technology to lead users to seek problems that align with a particular solution.
However, the recommended approach is to commence with the identification of the
problem and subsequently seek the technology that best addresses it. Initiating with
technology, and then, seeking a problem can heighten the risk of fabricating a problem
that does not inherently exist. Ref. [61] accentuates the significance of accurately
selecting project portfolios—an intricate endeavor that harmonizes the contradictory
and diverse objectives within the organization.

e  Fostering Creativity in Proposing Diverse Solutions: Creativity assumes a pivotal
role in Industry 4.0 projects, where the same problem may harbor multiple potential
solutions. Encouraging creativity represents both a task and a challenge for managers
overseeing Industry 4.0 initiatives. It entails the open-minded consideration of ideas,
even if they do not pertain to the most salient problems, as this encouragement
of creativity can transform seemingly minor issues into significant opportunities if
appropriately developed.

e  Necessity for Knowledge Homogenization among Stakeholders: The traditional com-
partmentalized working model imposes limits on the responsibilities of individual
departments. In the Industry 4.0 paradigm, interdepartmental collaboration becomes
imperative. This necessitates cross-functional teams that comprehend the intercon-
nectedness of projects and domains. An interviewee highlighted this novel modus
operandi as a principal challenge, especially concerning IT, which must now han-
dle data not solely confined to departmental cloud repositories but also data directly
sourced from the factory floor. To operate effectively in this new milieu, team members
must attain a comprehensive understanding of this transformed landscape. Ref. [21]
pinpoints the lack of skills, knowledge, training, and harmonization of knowledge as
potential obstacles to successful implementations.

e  Familiarity with Available Technologies: Through benchmarking, collaboration with
consultants, engagement with established industry suppliers, or the support of inno-
vative startups, it is essential to explore multiple solutions for the same problem. A
broad and creative analysis of available options enhances the likelihood of successful
implementation. Ref. [44] identifies a lack of technological knowledge as a challenge
to successful implementation, underscoring the importance of staying well versed in
available technologies.

5. Discussion and Framework Presentation

In an effort to streamline the implementation of Industry 4.0 projects, and given the
inherently disruptive nature of Industry 4.0-related technologies, tailored augmentation
of the existing PRINCE2 framework is suggested, according to Figure 3. Within specific
contexts, such as the adoption of RFID, big data, or other Industry 4.0 disruptive technolo-
gies, project sponsors or executors may recommend the utilization of a specialized model
grounded in innovation principles.

Figure 3 highlights, beyond the main steps of the PRINCE2 extended framework,
numbered in the Figure 3, the relationships among them, establishing feedback loops
among steps that may be revisited for improving what has already been done, and the main
concerns of each step (connected to them by a dotted line), which may include criteria,
activities, or other elements necessary for each one.
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Figure 3. Framework for implementing Industry 4.0 projects (extended from PRINCE?2).

Leveraging the PRINCE2 framework as the foundational structure, owing to its

business-oriented focus and structured product delivery stages, and drawing upon in-
sights from extensive literature analysis and interviews, the ensuing steps are proposed for
the effective implementation of Industry 4.0 projects:

@

@)

Define Strategic Priorities: To establish robust and successful implementation, it is
imperative to predefine the company’s strategic priorities. These priorities serve as a
pivotal compass guiding project decisions. Prioritization may encompass augmenting
competitiveness, reducing costs, increasing production capacity, enhancing product
quality, fortifying safety, and fostering sustainability, among other considerations.
This strategic alignment with the array of challenges and objectives enables a more
coherent analysis of relevant technologies.

Initiate an Industry 4.0 Project: The inception phase marks the initial stride toward
future realization. During this phase, the project’s feasibility is meticulously exam-
ined, often involving a return on investment (ROI) analysis. Ideas undergo a filtration
process, with emphasis placed on the most salient, prioritized, and viable concepts. Es-
sential parameters such as scope assumptions, timelines, constraints, and acceptance
criteria are meticulously defined.

a. Company Strategy for Innovation: Highlighting the organization’s readiness
across all dimensions—including top management, middle management, value
chains, digitalization, and employees—is pivotal for successful project implemen-
tation. The organization’s maturity stage should be assessed comprehensively.

b.  Central Oversight Body for Project Monitoring: Establishing a dedicated entity
within the organization to oversee all projects, endowed with the autonomy to
scrutinize and potentially interconnect them, is critical.

c.  Resource Management and Capital Procurement: Efficiently managing the initial
investment and securing necessary resources, especially in instances where the
initial investment is not internally sourced, requires astute financial planning.
Specific credit lines designed to promote industrial initiatives may be explored.
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Orchestrate Innovation Project: This phase delineates crucial decisions necessary
for the project’s successful and controlled execution. Given the dynamic nature of
Industry 4.0 technologies, it is vital to exercise strategic oversight to ensure that
the project remains on course without undue constraints on its evolution. Project
managers play a pivotal role in executive guidance, ensuring clear and unimpeded
information flow.

a. Team with a Learning Orientation: Cultivating a team with a continuous learn-
ing bias is essential. This predisposition fosters adaptability in navigating the
evolving landscape of Industry 4.0 technologies.

b.  Familiarity with Available Technologies: A comprehensive understanding of the
spectrum of available technologies is essential for informed decision-making.

Define Deliverables: This process lays the groundwork for comprehending the effort
required to deliver the project’s objectives. It aims to enhance transparency and
facilitate information sharing to reduce the risk of project failure. Unanticipated risks
that surface during this stage can be identified and addressed promptly, potentially
averting project derailment. The “What, How, and Who” aspects are central to
this endeavor.

Control Project Stages: This stage entails the execution of the project manager’s duties,
focusing on risk management, schedule adherence, cost control, and the delivery
of quality outcomes. Real-time data provided by project management technologies
empowers agile decision-making, enabling timely adjustments and checkpoint assess-
ments at shorter intervals.

Manage Deliverables: The specialist team manager assumes responsibility for ensur-
ing that deliverables are aligned with project objectives. A more refined definition of
acceptance criteria, execution requirements, and delivery specifications is imperative.

a. Competitive Advantage through Agility: Swift adaptation to uncertainties in-
herent in innovative product development can confer a competitive edge. The
organization’s responsiveness to change influences its competitive positioning.

Manage project stages: Each project stage concludes with a milestone or boundary
that delineates its conclusion, enabling the transition to the subsequent stage. In
agile models, these stage-to-stage transitions are often termed increments. Before
progressing to subsequent stages, the Steering Committee (as introduced in step two)
must grant approval based on an evaluation of the project’s continued alignment with
business objectives and its risk profile.

Close Project: This phase aims to affirm the project’s final acceptance, confirming
that established objectives have been met or that the project no longer holds potential
value for the business. Final acceptance entails end-user validation and scalability
assessment. In the context of innovation projects related to Industry 4.0, formalizing
lessons learned is of paramount importance. This repository of insights serves as a
valuable resource for all stakeholders involved in future initiatives.

Table 2 depicts the relationship between the identified challenges and success factors

from Section 4 and the project steps of the proposed model in Figure 3. A single “+”
denotes a relationship, whereas a “++” denotes a very strong relationship. This table aims
to show that all challenges and success factors are considered in this framework. A strong
relationship means that the step, as previously described, directly addresses the challenge,
or takes into account the success factor, whereas a simple relationship means that the
challenge is either partially or indirectly addressed and that the critical success factor is
partially or indirectly taken into account.

Table 3 depicts the relationship between the insights from the cases and each one of

the steps of the framework in the same sense as Table 2.
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Table 2. Relationships of framework steps and Industry 4.0 project challenges and success factors.
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5.1. Implications for Researchers

The proposed framework, by adapting PRINCE2 to guide Industry 4.0 technology
adoption projects, introduces a multidisciplinary research opportunity. It invites explo-
ration into how traditional project management methodologies can evolve to address the
complexity, agility, and innovation required in Industry 4.0 environments. This adaptation
could involve investigating new risk management strategies, stakeholder engagement
processes, and the integration of digital transformation frameworks within PRINCE2.
Researchers are tasked with identifying the modifications necessary to make PRINCE2 ap-
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plicable and effective in the context of smart manufacturing, automation, and data-driven
decision-making, thereby enhancing its relevance for future technological landscapes.

Table 3. Relationships of framework steps and Industry 4.0 insights from the cases.
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This involves developing methodologies that assess the environmental impact of new
technologies, ensuring projects contribute positively to sustainability goals. Researchers
might also explore how such a framework can promote economic and social sustainability,
encouraging projects that not only innovate but also enhance community well-being and
ensure long-term viability. This interdisciplinary approach expands the scope of project
management research to include sustainability metrics, encouraging a balance between
innovation and environmental stewardship.

5.2. Implications for Managers

For managers, this framework helps navigate through the complexities of integrating
advanced technologies with traditional project management frameworks. Managers must
adapt to a rapidly changing environment, requiring them to be agile and technologically
innovative. This necessitates a continuous learning approach and the ability to lead cross-
functional teams effectively, ensuring that projects not only meet their objectives but also
align with the broader strategic goals of embracing Industry 4.0 technologies.

This framework might also be used to prioritize environmental conservation, eco-
nomic efficiency, and social equity, balancing innovation with sustainability goals and
leading teams toward outcomes that are not just technologically advanced but also socially
responsible and environmentally friendly. This approach requires a new set of skills and a
deep understanding of sustainable development principles in the context of Industry 4.0.

6. Conclusions

A framework for managing Industry 4.0 projects has been systematically presented in
this study. However, it is crucial to acknowledge that the findings are rooted in specific
industries, necessitating further validation for broader applicability. The intricacies of
implementing Industry 4.0 projects are deeply entwined with a company’s overarching
strategy, rendering a comprehensive analysis of all transformative facets a challenging
endeavor within the scope of this research. While the current study may not exhaustively
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cover every facet of organizational change or provide an all-encompassing framework to
navigate the complexity inherent in Industry 4.0 implementations, it aims to make a valu-
able contribution to academia and business practices. By delineating steps that, if diligently
followed, promise a discernible enhancement in project management, this research endeav-
ors to provide practical insights for stakeholders engaging in Industry 4.0 endeavors.

PRINCE2’s comprehensive nature, with its focus on principles, themes, and processes,
becomes instrumental in navigating the multifaceted challenges of sustainable technology
integration, from stakeholder engagement to benefit realization, ultimately leading to
sustainable competitive advantages and corporate responsibility.

It is imperative to emphasize that this research does not aspire to encapsulate the en-
tirety of organizational change or depict every organizational stage during the Industry 4.0
journey. Instead, it concentrates on offering a set of guidelines and considerations that
are pertinent to facilitating the nuanced and challenging landscape of Industry 4.0 project
implementations. This study underscores the evolutionary nature of the journey towards
Industry 4.0, where the inherently disruptive characteristics of technologies introduce
heightened risks to investments, necessitating an unwavering commitment to continuous
learning. In this dynamic landscape, the adaptation to new products, services, and markets
is not merely an option but an essential component of the transformative process.

The proposed framework aims to encapsulate key requisites vital for navigating this
evolutionary journey, fostering more streamlined and effective implementation of Industry
4.0 projects. This research has not only highlighted pertinent challenges but also shed light
on success factors and shared practical implementation experiences, contributing to the
collective understanding of Industry 4.0 dynamics in contemporary business landscapes.

Finally, in the context of this study, Industry 5.0 [62] is highly pertinent, representing a
shift towards a more human-centric, resilient, and sustainable industrial paradigm. As this
study aims to extend the PRINCE2 framework to support Industry 4.0 technology adoption
projects, incorporating Industry 5.0 ideals means emphasizing personalized production,
the collaboration between humans and machines, and the well-being of workers. This
evolution underscores the necessity for a project management approach that not only drives
technological innovation but also fosters an environment where technology augments
human capabilities and operates within the limits of ecological sustainability. Thus, this
study’s framework must be adaptable to not only the current technological landscape but
also the forthcoming advancements that Industry 5.0 promises.

Limitations of the Study

This study may face limitations such as a potential bias from the selected literature,
which might not fully represent the diverse perspectives within Industry 4.0 contexts.
Additionally, the rapid evolution of Industry 4.0 technologies could outpace this study’s
findings, leading to recommendations that might become quickly outdated. The general-
izability of the developed framework could also be limited if the study samples are not
sufficiently diverse or large enough to capture the wide range of Industry 4.0 applications
and organizational contexts.

This study might also struggle with incorporating the full range of stakeholder per-
spectives within Industry 4.0, leading to a framework that might not fully address all user
needs or industry standards. Furthermore, the dynamic nature of Industry 4.0 could intro-
duce challenges in establishing long-term applicability for the framework, necessitating
regular updates to keep pace with technological advancements. Lastly, the reliance on
interviews might introduce subjective biases, affecting the objectivity and reproducibility
of the study’s outcomes, thus impacting the framework’s credibility and wider acceptance.
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