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ABSTRACT

In today's rapidly evolving digital landscape, the engineering profession is undergoing transformative
changes, especially in developing economies. This report explores the challenges and opportunities
presented by the integration of digital technologies in the engineering profession within the developing
world. It highlights the transformative impact of digital tools, like simulation software and 10T sensors,
on engineering processes, fostering innovation and collaboration. The changing role of engineers from
technical experts to multidimensional leaders is discussed, emphasizing their influence on
interdisciplinary collaboration and societal progress. The report emphasizes the significance of the value
chain in engineering, showcasing how digital technology optimizes stages from research and
development to global collaboration. Challenges such as the digital divide and skill gaps are identified,
alongside opportunities like leapfrogging developmental stages and promoting inclusive growth through
digital tools. To effectively manage this evolving landscape, the report provides recommendations for
governments, industry leaders, and educational institutions. These include policy development,
investment in digital infrastructure, skill enhancement programs, and fostering innovation and
interdisciplinary education. In conclusion, the report underscores that the integration of digital
technologies in the engineering profession holds the potential to drive economic growth, innovation, and
sustainable development in the developing world, provided stakeholders collaboratively harness these
opportunities.
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1 INTRODUCTION

In the rapidly evolving digital landscape of the developing world, managing the engineering
profession is a multifaceted challenge and opportunity (Steve, 2019). The integration of digital
technologies presents the potential for accelerated development and innovation, yet it comes with hurdles
such as skill gaps, infrastructure limitations, resource constraints, and the need for adaptive regulatory
frameworks (Matt, 2015). Strategies for effective management involve targeted education and training,
technology transfer, public-private collaboration, innovation hubs, and flexible policy frameworks.
Engineers play a pivotal role as they evolve beyond traditional technical skills, embracing cross-
disciplinary knowledge and digital literacy, leading to innovation, global collaboration, and
contributions to sustainable development goals (Aleger, 2023; Matt, 2015). By successfully navigating
these dynamics, developing countries can not only leapfrog certain developmental stages but also foster
economic growth, enhance infrastructure, and establish themselves as prominent players in the global
digital engineering landscape (Aleger, 2023; VSure, 2023).

The value chain in engineering refers to the sequence of activities and processes that contribute
to the design, development, production, distribution, and maintenance of products, systems, or services
within the engineering sector (Carla et al., 2023). It encompasses a range of interconnected stages, each
adding value to the final outcome (Carla et al., 2023; Zhang & Zhang, 2018). Understanding the value
chain is essential for optimizing efficiency, reducing costs, and delivering high-quality engineering
solutions. Each stage of the value chain is interconnected and contributes to the overall success of
engineering projects (Zhang & Zhang, 2018). By optimizing processes, collaborating effectively across
stages, and leveraging digital tools and technologies, engineers can enhance the value delivered to
customers, stakeholders, and society as a whole (Chao, 2018; Zhang & Zhang, 2018).

1.2 Some Digital Tools in Engineering Profession and Practice

Digital tools in engineering (DTE) refer to a wide range of software applications, platforms, and
technologies that leverage digital technology to facilitate various aspects of the engineering process
(ALEGER, 2023). These tools enable engineers to design, analyze, simulate, optimize, collaborate, and
manage engineering tasks and projects more efficiently and effectively. DTE encompass a diverse set of
applications, from computer-aided design (CAD) and simulation software to data analytics,
communication platforms, and project management tools (Matt, 2015; Steve, 2019). They play a crucial
role in enhancing productivity, accuracy, innovation, and collaboration within the field of engineering.
The following are some of the examples and details of some DTE and technologies that are widely used
in various engineering disciplines:

1.2.1 Simulation Software

Tools like ANSYS, COMSOL, and SolidWorks Simulation enable engineers to simulate and
analyze complex physical phenomena, such as fluid dynamics, structural integrity, and electromagnetic
fields, before building physical prototypes (AUTODESK, 2023b; Capterra, 2023).

1.2.2 Finite Element Analysis (FtEA) Software
FtEA software, such as Abaqus and LS-DYNA, allows engineers to analyze and optimize

structural components and systems under various loads and conditions (AUTODESK, 2023a; Capterra,
2023; ML-ECE, 2022).

1.2.3 Computational Fluid Dynamics (CFD) Software
Software like OpenFOAM and Fluent helps engineers simulate fluid flows and heat transfer in

systems, optimizing aerodynamics, combustion processes, and thermal management (AUTODESK,
2023b).
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1.2.4  Virtual Reality (VtR) and Augmented Reality (ArR)

VtR and ArR technologies are used for immersive design reviews, training simulations, and
maintenance support, enhancing visualization and interaction with engineering models(Matthew, 2023;
Will, 2023).

1.2.5 Digital Twin Technology (DTT)

DTT creates virtual replicas of physical systems, enabling real-time monitoring, performance
analysis, and predictive maintenance. They find applications in manufacturing, energy, and urban
planning (IBM, 2023a; McKinsey, 2023).

1.2.6 Internet of Things Sensors (10TS)
I0TS collect data from physical assets and systems, enabling remote monitoring, condition-based
maintenance, and optimization of resource utilization (Jacob, 2023; Natasha, 2022).

1.2.7 Robotics and Automation (R&Am)
R&Am systems are used in manufacturing, assembly, and logistics, enhancing precision, speed,
and efficiency (Alex, 2022; TWI, 2023).

1.2.8 Computer Aided Design (CAD) / Computer-Aided Manufacturing (CAM) Software
CAD/CAM software, such as AutoCAD and Mastercam, facilitate product design and
manufacturing process planning (ML- ECE, 2022).

1.2.9 Blockchain Technology
Blockchain can be used for secure supply chain management, digital identities, and verifying the
authenticity of products and components (Adam et al., 2023; IBM, 2023b).

1.2.10 Data Analytics and Machine Learning

These technologies help engineers analyze large datasets, predict performance, and optimize
designs. They find applications in areas like predictive maintenance and process optimization (Pavan,
2021; Srihari, 2023).

Others include remote sensing and geospatial tools, including Geographical Information Systems
(GIS) and remote sensing technologies, support urban planning, environmental monitoring, and disaster
response. Collaboration platforms such as Microsoft Teams, Slack, and Trello facilitate real-time
communication and project management among engineering teams, promoting seamless coordination.
Energy modeling software like EnergyPlus and RETScreen enables engineers to analyze energy
consumption, efficiency, and renewable energy integration in buildings and systems. Machine vision
systems employ cameras and image processing algorithms for precise inspection and measurement in
manufacturing, ensuring quality. Additionally, process simulation tools like Aspen HYSYS and
MATLAB Simulink model and optimize chemical and industrial processes, contributing to design and
troubleshooting efforts (Matt, 2015; VSure, 2023).

These digital tools empower engineers to design, analyze, and optimize complex systems more
efficiently and effectively, contributing to innovation, sustainability, and overall engineering excellence.

1.3  Evolution of the Engineer's Role

The engineer's role has evolved significantly over time, transitioning from traditional technical
tasks to a multidimensional role encompassing innovation, interdisciplinary collaboration, and broader
societal impact (Georgina, 2017). Originally focused on designing physical structures and systems,
engineers now leverage digital tools, data analytics, and simulations to optimize designs and predict
outcomes. With the rise of technologies like artificial intelligence and IoT, engineers have become
integrators of cutting-edge solutions, addressing environmental and ethical considerations. Furthermore,
engineer's role has expanded beyond technical domains to encompass interdisciplinary collaboration,
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policy involvement, and decision-making, reflecting their pivotal position in shaping a sustainable and
technologically advanced future (Georgina, 2017; MD, 2009).

14 Impact of Digital Technology Engineering Processes

Digital technology has brought about a profound transformation in engineering processes,
revolutionizing design, analysis, manufacturing, and collaboration. Engineers now leverage Computer-
Aided Design (CAD) for intricate designs and virtual prototyping, optimizing prototypes before physical
production (Talamo & Bonanomi, 2020; UN, 2023). Simulations predict real-world scenarios, guiding
decision-making for factors like stress and fluid dynamics. Real-time data collection informs data-driven
choices, while additive manufacturing and CNC machining streamline production and reduce waste
(Marc, 2018; Talamo & Bonanomi, 2020). Cloud-based tools enhance communication, remote
monitoring, and predictive maintenance through IoT devices. Automation and robotics improve
efficiency, and digital sustainability assessments guide environmentally conscious designs. Project
management and documentation are streamlined through digital tools, fostering innovation,
customization, and sustainable solutions that define the modern engineer's role (Marc, 2018; Talamo &
Bonanomi, 2020; UN, 2023).

2 LITERATURE REVIEW
2.1 Materials and equipment selection
2.1.1 Challenges and Opportunities in the Digital Developing World

The digital developing world presents a dynamic landscape characterized by a unique set of
challenges and opportunities (Muhammad & Yusoff, 2023; Samara & Terzian, 2021). The convergence
of digital technologies with developmental needs offers the potential for rapid progress, innovation, and
improved quality of life, but it also comes with complexities that must be navigated strategically
(Emembolu et al., 2022; George & Edghiem, 2023; Muhammad & Yusoff, 2023; Samara & Terzian,
2021; Stephens & Miller, 2023). Some of the challenges are enumerated as follows:

2.1.1a Digital Divide

Access to digital infrastructure, including high-speed internet and reliable electricity, remains
uneven across developing countries, leading to disparities in digital adoption and hindering the
implementation of digital solutions (Eva, 2023).

2.1.2b Skill Gaps

There is often a shortage of individuals with the necessary digital skills, such as coding, data
analysis, and artificial intelligence expertise. Bridging this skills gap is crucial to fully leverage digital
technologies (Biclesanu et al., 2021).

2.1.3c Infrastructure Limitations

Insufficient technological infrastructure can hinder the adoption of digital tools and platforms,
impacting the efficiency and effectiveness of various sectors, from healthcare to transportation
(Muhammad & Yusoff, 2023).

2.1.4d Resource Constraints
Developing economies may face budget limitations and lack the financial resources required to
invest in advanced digital technologies and innovations (Emembolu et al., 2022).
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2.1.5e Regulatory and Policy Challenges

Adapting regulatory frameworks to accommodate emerging digital technologies while ensuring
privacy, security, and ethical considerations poses a significant challenge (George & Edghiem, 2023;
Muhammad & Yusoff, 2023).

2.1.6f Data Privacy and Security

The proliferation of digital platforms and data collection raises concerns about the privacy and
security of personal information, necessitating robust data protection measures (George & Edghiem,
2023).

2.2 Opportunities of the Digital Developing World
2.2.1 Leapfrogging Development

Developing countries have the advantage of bypassing certain stages of traditional development
by directly adopting innovative digital solutions. This leapfrogging can result in accelerated progress in
various sectors (George & Edghiem, 2023).

2.2.2 Innovation and Entrepreneurship
Digital technologies enable local entrepreneurs and startups to develop innovative solutions to
address local challenges, fostering economic growth and job creation (Biclesanu et al., 2021).

2.2.3 Access to Information and Services
Digital tools provide access to education, healthcare, financial services, and information, thereby
empowering individuals and communities and promoting inclusivity (Emembolu et al., 2022).

2.2.4 Agriculture and Rural Development

Digital solutions can enhance agricultural productivity through precision farming, weather
forecasting, and supply chain optimization, contributing to food security and rural development
(Stephens & Miller, 2023).

2.2.5 E-Government and Public Services
Digitalization of government services improves transparency, efficiency, and accessibility,
facilitating citizen engagement and public administration (UN, 2023).

2.2.6 Healthcare and Telemedicine
Digital technologies enable remote healthcare services, telemedicine, and disease monitoring,
particularly beneficial in regions with limited medical infrastructure (Talamo & Bonanomi, 2020).

2.2.7 Financial Inclusion
Digital payment systems and mobile banking provide access to financial services for unbanked
populations, promoting financial inclusion and economic empowerment (Georgina, 2017; MD, 2009).

2.2.8 Environmental Sustainability

Digital technologies can monitor and manage natural resources, support renewable energy
solutions, and facilitate sustainable urban planning (Muhammad & Yusoff, 2023).

Therefore, the challenges and opportunities in the digital developing world require a
comprehensive and strategic approach. By addressing skill gaps, enhancing digital infrastructure, and
crafting supportive policies, developing countries can harness the potential of digital technologies to
overcome challenges and unlock new avenues for growth, innovation, and sustainable development.

Ogundare, K. J., Ale, F., Yusuf, O. T. & Momoh, J. A. (2024). Managing the engineering
profession in digital developing world and exploring the value chain. [JMRASFP



3 METHODOLOGY
3.1 Understanding the Value Chain in Digital Engineering

The management of the engineering profession within the context of the digital developing world
is profoundly influencing the value chain across diverse stages of engineering activities. The integration
of digital technologies is revolutionizing how engineering processes are conceived, executed, and

optimized, thereby creating a ripple effect throughout the value chain (Marc, 2018; Talamo & Bonanomi,
2020).

31 Research and Development (R&D)

In the digital developing world, R&D is empowered by virtual simulations, data analytics, and
collaborative platforms. Engineers can now model and test prototypes digitally, significantly reducing
the time and cost traditionally associated with physical iterations. This accelerates innovation, enhances
problem-solving, and streamlines the value chain by expediting the transition from concept to design
(Marc, 2018; Talamo & Bonanomi, 2020).

3.2  Design and Engineering

Digital tools like CAD and Building Information Modeling (BIM) revolutionize design precision
and collaboration. Engineers collaborate in real-time, irrespective of geographical boundaries, resulting
in faster iterations, reduced errors, and enhanced coordination between stakeholders. This integration
positively impacts subsequent stages of the value chain by ensuring accurate and efficient design transfer
(UNCTAD, 2022).

3.3  Manufacturing and Production

Digital manufacturing technologies, such as additive manufacturing (3D printing) and Computer
Numerical Control (CNC) machining, optimize production processes. Prototypes can be produced
rapidly, customizations become feasible, and economies of scale are more attainable. The value chain
benefits from increased flexibility, reduced waste, and shorter production cycles (Marc, 2018; Talamo
& Bonanomi, 2020; UNCTAD, 2022).

34 Supply Chain Management

Digital platforms and Internet of Things (IoT) devices enable real-time monitoring of supply
chains, enhancing transparency, traceability, and responsiveness. This leads to more efficient inventory
management, reduced lead times, and minimized disruptions, resulting in a leaner and more resilient
value chain (UNCTAD, 2022).

3.5 Distribution and Logistics

The digital transformation enables intelligent logistics, as sensors and data analytics optimize
routes, predict demand, and improve last-mile delivery. This stage of the value chain benefits from
reduced transportation costs, enhanced customer satisfaction, and streamlined operations (Marc, 2018;
Talamo & Bonanomi, 2020).

3.6  Customer Service and Maintenance

Digital engineering facilitates predictive maintenance through continuous data monitoring and
analysis. Engineers can anticipate maintenance needs, schedule repairs proactively, and enhance the
lifespan of products or infrastructure. This minimizes downtime, increases asset utilization, and extends
the value chain's longevity (Marc, 2018; Talamo & Bonanomi, 2020).

3.7  Global Collaboration and Innovation

Engineers in the digital developing world can collaborate with counterparts worldwide, accessing
a vast pool of knowledge and expertise. This global collaboration fosters innovation, enabling the
creation of context-specific solutions. The resulting innovative products and processes have a direct

Ogundare, K. J., Ale, F., Yusuf, O. T. & Momoh, J. A. (2024). Managing the engineering n
profession in digital developing world and exploring the value chain. [JMRASFP



impact on the value chain by offering competitive advantages and new revenue streams (UNCTAD,
2022).

The management of the engineering profession in the digital developing world exerts a
transformative influence on the value chain across all engineering stages. By leveraging digital
technologies, engineers enhance efficiency, collaboration, and innovation, ultimately shaping a more
agile, responsive, and value-driven engineering value chain.

4 DATA ANALYSIS AND DISCUSSION OF FINDINGS
4.1 Policy and Education Considerations

The effective management of the engineering profession in the digital era requires a collaborative
approach involving governments, academia, and industry (Tomas, 2021). Governments play a pivotal
role in creating a conducive environment by establishing policies that encourage digital technology
adoption, investing in education and training programs, and developing digital infrastructure (Pascual,
2021). Academic institutions contribute by updating engineering curricula, conducting research, and
offering skill enhancement programs. Industry drives practical implementation by adopting digital
technologies, providing training opportunities, fostering innovation, and collaborating with academia.
Together, they create a holistic ecosystem that fosters digital engineering growth, enhances the
engineering profession, and contributes to sustainable economic development, ensuring engineers are
equipped with the skills, resources, and opportunities needed to thrive in the digital era (Pan & Rao,
2021; Pascual, 2021; Tomas, 2021).

5 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

The convergence of engineering and digitalization poses challenges and opportunities for
developing economies. By adeptly managing the engineering profession and understanding the value
chain dynamics, these nations can position themselves for sustainable growth and innovation in the
digital age. The dynamic context of the digital developing world calls for collaborative efforts involving
governments, industry leaders, and educational institutions. Integrating digital technologies throughout
the value chain offers the potential to reshape engineering through innovation, process optimization, and
sustainable development. Empowered by tools like simulation software and IoT sensors, the evolving
role of engineers not only enhances technical prowess but also encourages interdisciplinary collaboration
and policy engagement, positioning them as drivers of global progress. Overcoming challenges like the
digital divide and skill gaps necessitates comprehensive strategies, allowing developing countries to
leverage digital tools for leapfrogging developmental stages and fostering inclusive growth. The
profound impact of digital technology on the engineering value chain, spanning R&D to global
collaboration, enhances agility and value delivery. Effectively navigating this landscape requires
supportive policies, investments in digital infrastructure, updated education, and interdisciplinary
emphasis. By embracing trends such as Al and IoT, and adhering to recommendations, developing
nations can stimulate efficiency, innovation, and economic expansion, thus fostering a more inclusive
and technologically advanced future.

5.2 Recommendations

Practical recommendations for stakeholders, including governments, industry leaders, and
educational institutions, to effectively manage the engineering profession and leverage the value chain
for digital development are as follows (Blake et al., 2021; Pascual, 2021; Seyda & Erkan, 2020; SNC-
LAVALIN, 2023; Tomas, 2021).
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5.2.1 Recommendation for Governments
i. Develop and update policies that promote the integration of digital technologies in engineering

practices, ensuring alignment with safety, security, and ethical standards.

ii. Invest in digital infrastructure, including high-speed internet and reliable power supply, to
facilitate widespread adoption of digital tools.

iii. 3Establish education and training programs that equip engineers with the necessary digital
skills, fostering a workforce capable of driving digital development.

iv. Support research and innovation in digital engineering solutions, encouraging collaboration
between academia and industry.

v. Provide incentives and funding for startups and businesses focused on digital engineering
innovations, encouraging entrepreneurship and job creation.

5.2.2 Recommendation for Industry Leaders
1. Embrace digital technologies throughout the value chain, from design and production to
distribution and customer service, to enhance efficiency and competitiveness.
1. Foster a culture of innovation that encourages experimentation with digital tools and supports
employees in developing new skills.
ii1. Collaborate with educational institutions to identify skill gaps and offer training programs that
align with industry needs.
iv. Establish partnerships with startups, research institutions, and other industries to drive
collaborative digital engineering projects and share best practices.
v. Prioritize sustainable engineering practices by integrating digital tools that optimize resource
use and reduce environmental impact.

5.2.3 Recommendation for Educational Institutions
1. Revise curricula to include digital engineering concepts, coding, data analytics, and

interdisciplinary skills, ensuring graduates are well-prepared for the digital era.

ii. Offer continuous education and upskilling programs to engineers, enabling them to stay current
with evolving digital technologies.

iii. Foster collaboration with industry partners to provide students with real-world experience and
exposure to digital engineering projects.

iv. Establish research centers focused on digital engineering innovation, encouraging faculty and
students to develop cutting-edge solutions.

v. Promote a holistic approach to engineering education that emphasizes both technical skills and
critical thinking, enabling engineers to address complex challenges.

Collectively, these recommendations empower stakeholders to effectively manage the
engineering profession by integrating digital technologies and leveraging the value chain for digital
development. By collaborating and taking proactive steps, governments, industry leaders, and
educational institutions can create a thriving ecosystem that drives innovation, enhances productivity,
and contributes to sustainable economic and societal growth.

5.3  Future Trends and Implications

Anticipated future trends in managing the engineering profession within the digital developing
world encompass the integration of artificial intelligence for data-driven decisions, IoT proliferation for
real-time monitoring, cloud-based collaboration platforms, digital twin utilization, sustainable
engineering solutions, and personalized education (Blake et al., 2021). These trends have broad
implications: they are expected to enhance efficiency, foster innovation, and create new job
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opportunities, thus bolstering economic growth and competitiveness (SNC-LAVALIN, 2023; Tomas,
2021). Global collaboration will accelerate cross-border partnerships and knowledge sharing, leading to
improved public services, healthcare, and infrastructure, ultimately raising living standards (Blake et al.,
2021; Seyda & Erkan, 2020). Concurrently, environmental sustainability will be advanced through
optimized resource management and the adoption of clean technologies. Ethical considerations
regarding data privacy and equitable access will necessitate robust regulations, while continuous
reskilling and upskilling will be essential to navigate the evolving engineering landscape. As developing
countries embrace these trends, they position themselves as technologically innovative, capable of
addressing challenges, and working towards a more inclusive and sustainable future (Blake et al., 2021;
Seyda & Erkan, 2020; SNC-LAVALIN, 2023).
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