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Abstract

This study provides an overview of the 'technological enablers,” which include technologies, methods, and
organizational strategies, critical for transitioning to Industry 4.0. The shift is propelled by numerous
challenges faced by modern companies, including global competition, economic inequality, and educational
gaps, to name a few. To illuminate these complexities, we conducted a critical literature review, emphasizing
perspectives related to industrial projects and 4.0 factories. This approach helped us identify notable trends
within Industry 4.0 and discuss potential benefits and obstacles pointed out by various researchers in the
field. This paper presents an updated summary of Industry 4.0 features, trends, and implementation factors,
aiding readers to identify possible opportunities and challenges in their projects or work environments. As
Industry 4.0 increasingly integrates companies with users across creative, design, and major business
decisions, the need to adjust competitive strategies for gaining advantages becomes paramount.
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1. Introduction

The term Industry 4.0 was initially coined in Germany in 2012, encapsulating a strategic initiative to
leverage emerging technological advancements such as cyber-physical systems, the Internet of Things
(IoT), future industries, real-time collaboration, and digitization of the manufacturing industry. This
initiative heralded the onset of the Fourth Industrial Revolution or Industry 4.0. Enterprise Resource
Planning (ERP) emerged as a core component of this revolution, with the concept of Future of
Factories (FoF) encapsulating the technologies related to Industry 4.0.

Numerous studies have delved into the various facets of Industry 4.0. Jardim et al. (2016)
identified the challenges and key innovations within the realm of intelligent industrial production.
Concurrently, Haddara & Elragal (2015) assessed ERP systems' readiness for FoFs. Jin et al. (2017)
contributed to the dialogue on process design management within the human resources sphere in the
context of globalization. As a result, virtual spaces have arisen in workplaces for customer
interaction, customizable on-demand manufacturing, and the circular economy. Industry 4.0 aspires
to facilitate the integration and synergy of physical and virtual worlds. Ghobakhloo (2020) offered a
comprehensive overview of Industry 4.0's constituent elements and their interrelationships, including
smart project management, smart stakeholders, smart supplies, environmental sustainability, smart
warehousing, smart products, smart customer integration, smart factories, and smart manufacturing
(Valentin et al., 2018).

Kiraz et al. (2020) outlined nine factors shaping current Industry 4.0 trends, with market and
consumer access being the most crucial. These factors encompass market and consumer access, data
protection, processing and collective expertise, organizational culture, value chain and processes, IT
architecture, risk and security, business models, products and services, data integration for analytics,
leadership strategy, culture, and management. In today's fiercely competitive global environment,
market and consumer access is regarded as the most significant factor.

Despite the existence of Industry 4.0 technologies, their implementation is contingent on
various factors, paradigm shifts, and changes in approach. Unless sustainability is the driving force,
the 4.0 revolution might lose direction and hasten environmental degradation and resource
depletion. The true potential of Industry 4.0 can only be realized when supply chains, intelligent
machines, and specialized human resources are interconnected within a single network, operating in
real-time within a circular economy (Ghimire et al., 2017). Ozkan et al. (2020) shed light on the
current challenges encountered during the transition to Industry 4.0. Majumdar, Garg, & Jain (2020)
identified similar obstacles in the textile and apparel industry, such as lack of workforce training,
insufficient understanding and commitment from top executives, inadequate government support
and policies, research and development gaps, high implementation costs, fear of change and failure,
and poor integration and incompatibility. Bag et al. (2020) collated the necessary adjustments for
Industry 4.0 adoption (Figure 1). Ambitious initiatives like China's "Made in China 2025" seek to
transition from mass-produced standardized goods to customizable, high-tech products. In Germany,
sustainable energy use, energy auditing, management and monitoring systems, sales control, and
energy integration in the Industry 4.0 environment are deemed crucial.
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Figure 1. Adjustment elements for adopting Industry 4.0, leading to sustainable production (Bag et
al,, 2020).

The aim of this paper is to offer an all-encompassing overview of the characteristics and emerging
trends of Industry 4.0, focusing on factors related to its implementation, and identifying both
potentials and challenges. Understanding how to navigate this intricate landscape is essential, given
the complexities in implementing Industry 4.0 (Zhu & Mostafavi, 2017). This paper also scrutinizes
the project management approach in engineering and explores various technological tools for its
implementation and integration. The successful transition to Industry 4.0 depends on numerous
variables, each posing its unique set of challenges and opportunities. Recognizing these factors can
better equip industries to prepare for this transformative shift, leading to enhanced efficiency,
productivity, and sustainability (Bene$ova et al., 2019). The insights and strategies derived from this
research review can serve as valuable guidelines for enterprises aiming to navigate the transition to
Industry 4.0 successfully.

2. Methodology

For this review, we consulted bibliographic sources dating from 2010 to 2021. These were primarily
obtained from respected databases such as IEEE, ScienceDirect, Springer, Wiley, and Taylor &
Francis, which publish some of the most influential journals in the field of engineering. Additional
articles were selected from the Google Scholar search engine, given its broad coverage of pertinent
sources. The research was conducted in English, given its status as the predominant language of
scientific discourse and its comprehensive source availability.

Our initial search used the keywords "Project Management" and "Industry 4.0". Subsequently,
related topics were identified from the collected articles, which included: digital twins, system of
systems, frameworks, supply chain, smart manufacturing, digitalization, big data, customization,
complex systems, management methods, future trends, automation, Internet of Things (IoT), and
more (Zhu & Mostafavi, 2017). Further keywords were derived from these articles, such as cobots,
smart factories, smart cities, smart manufacturing, sustainability, circular supply chain, agile project
management, dynamic systems, global supply chain, energy management, device integration, cyber-
physical systems, cloud computing, real-time operations, multitasking learning, product
development, blockchain, e-robotics, intelligent systems, virtual testbeds, real-time simulation,
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product lifecycle management, product-service system, virtual organizations, Industry 4.0 skills, and
socio-economic modeling, among others (Scholz et al., 2020; Wang et al., 2018). Following this
extensive search, 81 articles that met the specified criteria were chosen and reviewed. Subsequent
analysis was conducted from the perspective proposed in this study, identifying pertinent topics and
structuring the review by clustering common elements.

The results of this review are divided into three primary sections: first, we introduce the
technologies and technological enablers of Industry 4.0, supported by various examples and
experiences drawn from the literature review. Second, we discuss models of engineering project
management and factors associated with the implementation of 4.0 technologies. Finally, we examine
the most significant aspects identified, and pinpoint the key trends and tools required for the
transition to Industry 4.0.

3. Results and Discussion

3.1 Industry 4.0 Enabling Tools and Technologies

Integration/Interconnection: New devices and software applications allow for extensive
interconnection of devices through standardized protocols (Berteaux & Javernick-Will, 2015). This
integration spans human talent and autonomous systems such as autonomous transport vehicles,
intelligent robots, and collaborative robots (cobots), enabling high-resolution coordination across all
components of the production model.

Internet of Things (IoT): As a novel technological paradigm, the IoT envisions a global
network of work systems, employees, machines, and devices capable of interacting with each other.
This network is gaining recognition as a key component in many industries. Table 1, from Lee & Lee
(2015), outlines some of the major enablers of IoT. The table provided offers an insightful view of the
evolution of technology pertaining to the Fourth Industrial Revolution, or Industry 4.0, across
different aspects: network, software and algorithm, hardware, and data processing. This evolution
showcases a shift from relatively simple, isolated technologies to complex, integrated, and
autonomous systems. Overall, this table effectively maps out the progression of key technological
aspects associated with Industry 4.0. It underlines the increasing complexity, sophistication, and
autonomy of these technologies, reflecting the transformative potential of the Fourth Industrial
Revolution. However, it also underscores the escalating challenges in terms of managing and securing
these technologies, a theme that is central to discussions on Industry 4.0.

Table 1. Evolution of revolution 4.0 technologies (Lee & Lee, 2015)

Before the 2010 2010 - 2015 2015 -2020 After the 2020
Self-aware and self-organizing Knowledge networks;
networks; transparent location; Networks
. Context-aware
Network |Networked sensors transparent location of sensor Autonomous, (self-
. networks .
networks; hybrid network learning and self-
technologies repair).
Relational database .
. . Goal-oriented
integration; BDR; IoT .
. software; Goal-oriented
oriented to BDR Open software language L o
) distributed software; distributed
management systems; |modules; Combinable . . . .
Software . . . intelligence, intelligence, problem
event-based event- algorithms; IoT in social . . .
and . . . problem solving; [solving; Collaborative
. driven platforms; software; loT in enterprise [oT . .
algorithm - . . Collaborative environments between
Networked sensor in social software; [oT in R . .
. . environments objects (Things to
middleware; enterprise software . K
.. . between objects  |things)
Proximity/location . .
. . (Things to Things)
Proximity/location
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Before the 2010 2010 - 2015 2015 -2020 After the 2020

RFID tags (bar codes)

and sensors; Mobile

devices with sensors; . .

yices w . ’. Multi-protocol, multi-standard |Sensors sensors
Cell phones with NFC . .
. standard; New sensors and (biochemical); Nanotechnology and
Hardware [tags; SMEM (micro- o .
. actuators Tags with higher New sensors and [new materials
electro-mechanical . .
. security, lower price actuators

(micro-electro-

mechanical systems)

smaller and cheaper

. . New energy and spectrum Conscious and in-
Serial data processing; | . .
signal and electromagnetic context data . .
Data Parallel data . L. Cognitive processing
rocessing |processing; Quality of spectrum electromagnetic processing in and optimization
P cervice ’ spectrum; Context-aware data |context, and
processing response data

Big Data Analytics: With the rise of the internet, a vast amount of information is readily available.
In the industrial sector, this data, when analyzed using advanced technologies, can inform intelligent
decision making. Big data analytics enable companies to access valuable customer statistics and
formulate effective action plans, thereby enhancing customer satisfaction and loyalty (Singh, 2020).

Cyber-Physical Systems: These autonomous devices are controlled or monitored through
software algorithms. In the context of Industry 4.0, IoT allows these devices to be integrated into
complex system managers, leading to the development of a smart factory (Zhu & Mostafavi, 2017).
Advancements in intelligent cyber-physical system design are explored in Peralta & Soltero's work
(2020).

Supply Chain Management (SCM): Industry 4.0's promise of sustainability relies on
optimizing supply chains. Various studies have explored this, with authors like Shao et al. (2021) and
Birkel & Miiller (2021) proposing smart SCM models and demonstrating improvements with Industry
4.0 technologies. Moreover, Mastos et al. (2020) investigated how IoT can make SCM in the
metallurgy and scrap reuse industry more sustainable. Esmaelian et al. (2020) delve further into
concepts like smart logistics and transportation, smart business models, environmentally responsible
practices, and a product lifecycle view in SCM. They highlight that the transition towards Industry
4.0 is most noticeable in economically robust and technologically advanced countries.

Transportation Routes: These play a crucial role in SCM. For route development, factors like
biodiversity, ecosystems, communities, soil composition, climate variation, and weather conditions
must be considered. Using high-resolution data about these factors can result in real-time
adjustments (Ghimire et al., 2017). Furthermore, the maritime industry and ports are undergoing
digital transformations, with an emphasis on system and information integration, sensor
technologies, security, cybersecurity, and process and weather simulation (Ekeocha et al., 2018;
Rumeser & Emsley, 2018).

Digital Twins (DGs): DGs have emerged as a powerful tool for managing engineering processes
across various domains and complex tasks, Figure 2. They replicate a physical system or process in a
virtual environment, enabling simulation-based testing and effective real-world decision-making
(Rumeser & Emsley, 2018). A detailed review of DGs is provided by Wagg et al. (2020).

Research reveals an increasing trend in the application of Digital Twins (DGs). For example,
Dahmen & Rossmann (2018) showcased the use of DGs and a Virtual Test Bench (VTP) in a space
project. Other notable applications encompass resource optimization in engineering projects, real-
time DG interface for equipment maintenance optimization, real-time patient monitoring or specific
medical condition modeling, and advanced learning of employee or user personality characteristics
for improved communication (Sun et al., 2020). Essentially, modeling and simulation provide a
platform for testing, optimization, verification, and validation of solutions in the virtual twin. This
process minimizes risks and critical errors, or simply boosts the performance of the real twin
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(Rumeser & Emsley, 2018). When applied to product design, the DG model aids the product
refinement process, facilitating progress step by step (Figure 3). Schluse et al. (2018) provide a
detailed graphical synthesis of the opportunities that DG technology offers across various knowledge
domains. This includes the challenges and potentials in high-technology product development,
further highlighting the value of DGs.

Virtual model

Digital Twin

Metrics Shares —e:

Physica Twin

Physical model

Figure 2. General model of a DG (Twinning cycle) (Jones et al, 2019)

Simulation results
Modelingand simulation System Modeling
(Simulation engineer) (Systems Engineer)
Design properties
System Design
properties conditions
SYSTEM OF
INTEREST

Product modeling
(Domain Engineer)

Simulation results

Design specifications

Figure 3. Modeling and simulation in engineering projects (Dahmen & Rossmann, 2018).

It's crucial to clarify that the term "model" can assume different meanings based on its application.
For example, a System Model depicts a data repository detailing interconnected system specifications
such as requirements, behaviors, structure, etc. The Product Model outlines the physical details and
specifications of realized product components, and the Simulated Model represents a digital code
executing specific simulations that integrate data from the product model and system model
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(Rumeser & Emsley, 2018). From a project management and business organization perspective, DGs
can revolutionize decision-making processes, with applications extending to ergonomics, physical
and mental health, employee personalities, interpersonal relationships, teamwork, effective
communication, leadership, risk prevention and mitigation, and cybersecurity.

Real-time Solutions: Real-time solutions, facilitated by the integration of control mechanisms
in information networks, intelligent automatic systems, process synchronization, and human capital
expertise (Ghimire et al., 2017), are now feasible in Industry 4.0.

Interfaces and Semantics: Semantics, denoting the meanings of language expressions,
assumes critical importance in the realm of future technologies. This significance becomes even more
apparent as communication extends to the Internet of Things, technological devices and equipment,
artificial intelligence, and human understanding.

3.2 Organizational Models

Project Management in Industry 4.0: When considering the technological enablers for the
implementation of Industry 4.0, it's apparent that some traditional industries grapple with significant
hurdles, including constrained investment capacity for new technologies, limited research and
development, and inflexible production models. While traditional project management (PM)
generally adheres to the PMBOK guide, several authors propose alternative methods better attuned
to Industry 4.0, such as Scrum and Agile project management (Scholz et al., 2020).

Table 2. Comparison of project management models versus key aspects (Engelhardt, 2019).

Subject Traditional dp Agile pd
. Fully specified and predictable Continuous design improvement based on feedback
Paradigm .
systems and rapid changes
Address Command and control Leadership and collaboration
Knowledge Explicit Tacit
Communication | Formal Informal
Model Life Cycle Evolutionary, iterative
Organization Large, mechanistic Small, organic
. Intensive planning, late Continuous control of requirements and continuous
Quality control | . . . .
intensive testing testing.

This table provides a succinct yet comprehensive comparison between traditional and Agile project
management models across several key aspects, including paradigm, leadership style, knowledge
base, communication, model type, organization, and quality control. Each of these models has its
strengths and weaknesses and is more suited to certain types of projects. Traditional project
management often works well for projects with a well-defined scope and stable requirements. Agile
project management is often better for projects where the product is not fully defined, and
requirements are likely to change throughout the project, which is often the case in software
development.

Human Resources and Organizational Culture: The evolution of project management
incorporates new theories, techniques, and processes to refine organizational strategy,
simultaneously harnessing information technology (IT) to support social processes and collaborative
work (Vila et al., 2017).

Human Capital Training: The advent of digital factories revolutionizes manufacturing,
necessitating employees equipped with the necessary qualifications and competencies to implement
and operate new technologies.

Transformation of Workspaces (Framework 4.0): In the context of the fourth industrial
revolution, employees are expected to be highly skilled and specialized, making their well-being a
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primary consideration in workspace design.

3.3 Industry 4.0 Trends

Our findings emphasize the increasing trend of digital initiatives that merge Industry 4.0
technologies like Digital Twins and Blockchain. By evaluating the scope of these technology enablers,
we can contribute to the evolution of administrative practices and the creation of solutions and
technologies that cater to user expectations. However, with the onset of the Fourth Industrial
Revolution, substantial disparities exist among countries. Our case studies suggest that industries
with implemented Enterprise Resource Planning (ERP) systems are better prepared for the shift
towards future-oriented production models.

Management difficulties and team collaboration challenges demand the use of simulation
models throughout all development stages to mitigate risks. Agile models offer more flexibility and
allow real-time process intervention through disruptive technologies, a cornerstone of Industry 4.0.
Nonetheless, no single approach is a cure-all since every project is unique and can benefit differently
from each method (Ghimire et al., 2017; Wang et al., 2018).

3.4 What's Next?

Allam & Jones (2021) discuss digital twins on larger scales, such as entire cities, and anticipate that 6G
technology will become the technological standard, with Digital Twins of system of systems and
neural interfaces for immersion at its core. The future workspace of industries is expected to take on
the form of a Human-Technology-Organization trident. Schumacher (2020) conceptually develops
this model for designing industrial production systems (Figure 4).

work of the future

Technology Organization

Connected Organizational
systems Structure
Flexible systems Process
structure

‘ Workspace for the industrial ‘

and learning

Motivation =
and interest Human-machine
interactions e Leadership
Health and Data
well-being management Sustainability

Artificial

C — intelligence Strategy and
ommunication business model
and social context

Material flow

Figure 4. Workspace for the industrial work of the future, elements of the first level (Schumacher
(2020).

Simulation is now widely used in a broad array of technological solutions and intelligent systems with
intuitive interfaces. As a result, management structures consistently using simulation to respond
effectively to problematic scenarios throughout a project's life cycle are essential.
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4. Conclusions

This work offers an updated overview of the characteristics and emerging trends of Industry 4.0 and
associated factors of its implementation. This allows readers to recognize the potentials and
challenges within their work environment or specific project types, pinpointing key elements for
distinct engineering projects and connecting various technological tools to their implementation and
integration.

4.1 Future lines of research

Future research should focus on evaluating the impact of integrating different Industry 4.0 enabling
tools and technologies on project management performance and efficiency, and the role of semantics
and user interfaces in enhancing communication and collaboration in Industry 4.0 project
management. Other worthwhile explorations include assessing the effectiveness of traditional project
management approaches compared to Agile and Scrum methodologies and examining the
transformation of workspaces and the impact of Industry 4.0 technologies on employee well-being
and productivity. The implications of real-time solutions for decision-making and risk management
in Industry 4.0 project management should also be studied, as well as the effectiveness of Digital
Twins in optimizing engineering processes and project management across various domains and
complex tasks.

5. Conflicts of Interest

The authors declare no conflict of interest. The funders had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

Allam, Z., & Jones, D. S. (2021). Future (post-COVID) digital, smart and sustainable cities in the wake of 6G:
Digital twins, immersive realities and new urban economies. Land Use Policy, 101, 105201.

Bag, S., Yadav, G., Dhamija, P., & Kataria, K. K. (2020). Key resources for industry 4.0 adoption and its effect on
sustainable production and circular economy: An empirical study. Journal of Cleaner Production, 125233.

Birkel, H. S., & Miiller, J. M. (2020). Potentials of Industry 4.0 for Supply Chain Management within the Triple
Bottom Line of Sustainability-A Systematic Literature Review. Journal of Cleaner Production, 125612.

Bogoviz, A. V., Kurilova, A. A., Tarasova, I. A., Litvinova, T. N., & Likholetov, E. A. (2021). Production planning and
supply chain management under the conditions of Industry 4.0. In Advances in Mathematics for Industry
4.0 (pp. 189-210). Academic Press.

Cardona-Meza, L. S., & Olivar-Tost, G. (2017). Modeling and simulation of project management through the
PMBOK?® standard using complex networks. Complexity, 2017.

Chaikovska, M. (2017). Metodological bases of IT project management with simulation modelling tools. Scientific
Journal of Polonia University, 21(2), 55-66.

Dahmen, U., & Rossmann, J. (2018, October). Experimentable digital twins for a modeling and simulation-based
engineering approach. In 2018 IEEE International Systems Engineering Symposium (ISSE) (pp. 1-8). IEEE.

Engelhardt, N. (2019). Comparison of Agile and Traditional Project Management: Simulation of Process Models.
Acta Académica Karviniensia, 19(2), 15-27.

Esmaeilian, B., Sarkis, J., Lewis, K., & Behdad, S. (2020). Blockchain for the future of sustainable supply chain
management in Industry 4.0. Resources, Conservation and Recycling, 163, 105064.

Ghobakhloo, M. (2020). Industry 4.0, digitization, and opportunities for sustainability. Journal of Cleaner
Production, 252, 119869.

Gomez, J. Z., Montenegro, J. L., Dos Santos, J. V. C., Barbosa, J. L. V., & Costa, C. A. (2019). A Strategy Using
Continuous Simulation to Mitigate Effort Estimation Risks in Software Projects. IEEE Latin America
Transactions, 17(08), 1390-1398.

61



E-ISSN 2281-4612 Academic Journal of Interdisciplinary Studies Vol 12 No 4
ISSN 22813993 www.richtmann.org July 2023

Guryanova, D. A., Guryanov, A. V., & Zharinov, I. O. (2020, May). Omnichannel customization of industrial
production. In IOP Conference Series: Materials Science and Engineering (Vol. 862, No. 4, p. 042038). IOP
Publishing.

Haddara, M., & Elragal, A. (2015). The Readiness of ERP Systems for the Factory of the Future. Procedia computer
science, 64, 721-728.

Jardim-Goncalves, R., Romero, D., & Grilo, A. (2017). Factories of the future: challenges and leading innovations in
intelligent manufacturing. International Journal of Computer Integrated Manufacturing, 30(1), 4-14.

Jimeno-Morenilla, A., Azariadis, P., Molina-Carmona, R., Kyratzi, S., & Moulianitis, V. (2021). Technology enablers
for the implementation of Industry 4.0 to traditional manufacturing sectors: A review. Computers in
Industry, 103390.

Jin, G., Sperandio, S., & Girard, P. (2017). Management of the design process: Human resource allocation in
factories of the future. Insight, 20(4), 19-22.

Jones, D. E., Snider, C., Kent, L., & Hicks, B. (2019, July). Early Stage Digital Twins for Early Stage Engineering
Design. In Proceedings of the Design Society: International Conference on Engineering Design (Vol. 1, No. 1,
pp. 2557-2566). Cambridge University Press.

Kiraz, A., Canpolat, O., Ozkurt, C., & Taskin, H. (2020). Analysis of the factors affecting the Industry 4.0 tendency
with the structural equation model and an application. Computers & Industrial Engineering, 150, 106911.

Lee, I, & Lee, K. (2015). The Internet of Things (IoT): Applications, investments, and challenges for enterprises.
Business Horizons, 58(4), 431-440.

Majumdar, A., Garg, H., & Jain, R. (2020). Managing the barriers of Industry 4.0 adoption and implementation in
textile and clothing industry: Interpretive structural model and triple helix framework. Computers in
Industry, 103372.

Mastos, T. D., Nizamis, A., Vafeiadis, T., Alexopoulos, N., Ntinas, C., An application of an IoT enabled scrap metal
management solution. Journal of Cleaner Production, 269, 122377.

Ozkan-Ozen, Y. D., Kazancoglu, Y., & Mangla, S. K. (2020). Synchronized barriers for circular supply chains in
industry 3.5/industry 4.0 transition for sustainable resource management. Resources, Conservation and
Recycling, 161, 104986.

Peralta, M. E., & Soltero, V. M. (2020). Analysis of fractal manufacturing systems framework towards industry 4.0.
Journal of Manufacturing Systems, 57, 4660.

Schluse, M., Priggemeyer, M., Atorf, L., & Rossmann, J. (2018). Experimentable digital twins—Streamlining
simulation-based systems engineering for industry 4.0. IEEE Transactions on industrial informatics, 14(4),
1722-1731.

Schumacher, S., Pokorni, B., Himmelstof3, H., & Bauernhansl, T. (2020). Conceptualization of a Framework for the
Design of Production Systems and Industrial Workplaces. Procedia CIRP, g1, 176-181.

Shao, X. F., Liu, W,, Li, Y., Chaudhry, H. R., & Yue, X. G. (2021). Multistage implementation framework for smart
supply chain management under industry 4.0. Technological Forecasting and Social Change, 162, 120354.

Singh, H. (2020). Big data, industry 4.0 and cyber-physical systems integration: A smart industry context.
Materials Today: Proceedings.

Sun, J., Tian, Z., Fu, Y., Geng, J., & Liu, C. (2020). Digital twins in human understanding: a deep learning-based
method to recognize personality traits. International Journal of Computer Integrated Manufacturing, 1-14.

Wagg, D. J.,, Worden, K., Barthorpe, R. J., & Gardner, P. (2020). Digital Twins: State-of-the-Art and Future
Directions for Modeling and Simulation in Engineering Dynamics Applications. ASCE-ASME ] Risk and
Uncert in Engrg Sys Part B Mech Engrg, 6(3).

Bauer, W, Schuler, S., Hornung, T., & Decker, J. (2019). Development Of A Procedure Model For Human-Centered
Industry 4.0 Projects. Procedia Manufacturing, 39, 877-88s.

Benesova, A., Hirman, M., Steiner, F., & Tupa, J. (2019). Determination Of Changes In Process Management
Within Industry 4.0. Procedia Manufacturing, 38, 1691-1696.

Berteaux, F., & Javernick-Will, A. (2015). Adaptation And Integration For Multinational Project-Based
Organizations. Journal Of Management In Engineering, 31(6), 04015008.

Dallasega, P., Rauch, E., & Frosolini, M. (2018). A Lean Approach For Realtime Planning And Monitoring In
Engineer-To-Order Construction Projects. Buildings, 8(3), 38.

Ekeocha, R. J., & Ogbonnaya, S. K. (2018). Relevance Of Modeling And Simulation In The Management Of
Engineering Projects. Journal Of Mechanical Engineering Research, 10(3), 21-27.

Ghimire, S., Luis-Ferreira, F., Nodehi, T., & Jardim-Goncalves, R. (2017). Iot Based Situational Awareness
Framework For Real-Time Project Management. International Journal Of Computer Integrated
Manufacturing, 30(1), 74-83.

62



E-ISSN 2281-4612 Academic Journal of Interdisciplinary Studies Vol 12 No 4
ISSN 22813993 www.richtmann.org July 2023

Rumeser, D., & Emsley, M. (2018). Project Management Serious Games And Simulation: A Comparison Of Three
Learning Methods. The Journal Of Modern Project Management, 5(3).

Scholz, J. A., Sieckmann, F., & Kohl, H. (2020). Implementation With Agile Project Management Approaches: Case
Study Of An Industrie 4.0 Learning Factory In China. Procedia Manufacturing, 45, 234-239.

Valentin, V., Naderpajouh, N., & Abraham, D. M. (2018). Integrating The Input Of Stakeholders In Infrastructure
Risk Assessment. Journal Of Management In Engineering, 34(6), 04018042.

Vila, C., Ugarte, D., Rios, J., & Abelldn, J. V. (2017). Project-Based Collaborative Engineering Learning To Develop
Industry 4.0 Skills Within A Plm Framework. Procedia Manufacturing, 13, 1269-1276.

Wang, W., Yang, H., Zhang, Y., & Xu, J. (2018). Iot-Enabled Real-Time Energy Efficiency Optimisation Method For
Energy-Intensive Manufacturing Enterprises. International Journal Of Computer Integrated Manufacturing,
31(4-5), 362-379.

Zhu, J., & Mostafavi, A. (2017). Performance Assessment In Complex Engineering Projects Using A System-Of-
Systems Framework. leee Systems Journal, 12(1), 262-273.

63




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


