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Abstract 
The convergence of Artificial Intelligence (AI) and Internet of Things (IoT) technologies is reshaping the land-
scape of global manufacturing by enabling real-time data-driven decision-making, predictive analytics, and 
autonomous operations. This research investigates the practical applications, challenges, and strategic impli-
cations of integrating AI and IoT in smart manufacturing through an in-depth case study of Emirates Global 
Aluminium (EGA), one of the world’s leading aluminium producers based in the United Arab Emirates. By 
conducting semi-structured interviews with 15 domain experts, including plant managers, IT engineers, auto-
mation specialists, and AI consultants, the study captures rich qualitative insights into the technological trans-
formation taking place within EGA’s production ecosystem. The findings reveal that AI and IoT have signifi-
cantly enhanced operational efficiency at EGA through predictive maintenance, energy optimization, process 
automation, and real-time quality control. Experts emphasized the critical role of machine learning algorithms 
in forecasting equipment failures and the use of IoT-enabled sensors in tracking environmental and perfor-
mance metrics. Furthermore, the adoption of AIoT technologies has improved data interoperability across 
departments, contributing to more agile and responsive manufacturing workflows. This study contributes to 
the growing body of Industry 4.0 literature by offering a grounded case of AI-IoT synergy within a regional 
industrial leader, thereby bridging the gap between conceptual frameworks and operational realities. It also 
proposes a customized smart manufacturing framework aligned with EGA’s strategic goals and technological 
maturity. The implications of the study are both practical and theoretical. Practically, it provides a roadmap for 
other industrial players in the Middle East seeking to integrate AIoT solutions for enhanced productivity and 
sustainability. Theoretically, it enriches our understanding of digital transformation in resource-intensive sec-
tors, offering empirical evidence for models like the Technology-Organization-Environment (TOE) framework 
and the Dynamic Capabilities Theory. The study also underscores the need for addressing challenges such as 
cybersecurity vulnerabilities, data governance, talent gaps, and integration costs, which must be strategically 
managed to ensure long-term competitiveness. This research demonstrates how a forward-thinking industrial 
enterprise like EGA leverages AI and IoT to remain at the forefront of smart manufacturing, offering valuable 
lessons for policymakers, practitioners, and academic scholars engaged in digital industrial transformation.
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Introduction
The evolution of manufacturing in the digital age has been sig-
nificantly accelerated by the convergence of Artificial Intelli-

gence (AI) and the Internet of Things (IoT), technologies that 
form the backbone of Industry 4.0. This digital transformation is 
redefining traditional manufacturing processes by embedding in-
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telligence and connectivity into machinery, production lines, and 
enterprise systems. In this context, smart manufacturing refers to 
the integration of advanced digital technologies that enable pre-
dictive decision-making, real-time monitoring, and autonomous 
process control. AI contributes by enabling machines to learn 
from data and improve performance autonomously, while IoT 
connects physical assets and systems, facilitating seamless data 
exchange and operational transparency.

 The integration of these two technologies—collectively referred 
to as AIoT—offers unprecedented opportunities for enhancing 
productivity, quality, flexibility, and sustainability in manufac-
turing systems. The dawn of Industry 4.0 has heralded a techno-
logical revolution in the manufacturing sector, characterized by 
the convergence of digital technologies that redefine traditional 
industrial operations. Among the most transformative technol-
ogies are Artificial Intelligence (AI) and the Internet of Things 
(IoT), which collectively form the backbone of Smart Manufac-
turing. These technologies are not only automating processes 
but are also making manufacturing systems more intelligent, 
agile, and adaptive. AI contributes to enhanced decision-making 
through machine learning, natural language processing, and pre-
dictive analytics, while IoT enables seamless interconnectivity 
between machines, systems, and humans, facilitating real-time 
data acquisition, monitoring, and control [1].

This study focuses on the practical application and strategic 
significance of AI and IoT (AIoT) in the smart manufacturing 
transformation of Emirates Global Aluminium (EGA), one of 
the UAE's flagship industrial entities and a global leader in 
the aluminium production sector. The research is grounded in 
a qualitative methodology, drawing on insights from 15 expert 
interviews with professionals engaged in operations, IT, digital 
strategy, and automation at EGA. The study aims to explore how 
AIoT technologies are deployed across EGA’s manufacturing 
processes, assess the organizational readiness for digital trans-
formation, and identify both the benefits and the systemic chal-
lenges encountered during implementation. The research not 
only provides a contextualized view of technological advance-
ment in a key Gulf-based industrial player but also contributes 
to the broader academic discourse on smart manufacturing and 
digital capability development in heavy industries (Artificial In-
telligence of Things (AIOT) for Productivity and Organizational 
Transition, 2024).

Background
In recent years, global manufacturing industries have faced in-
creasing pressure to modernize operations in response to growing 
competition, market volatility, energy efficiency requirements, 
and sustainability goals. The Fourth Industrial Revolution, or 
Industry 4.0, has emerged as a strategic paradigm to address 
these pressures by embedding intelligence and interconnectivity 
into manufacturing ecosystems. Among the most impactful tech-
nologies underpinning this shift are Artificial Intelligence and 
the Internet of Things. AI enables complex pattern recognition, 
decision-making automation, and predictive analytics, while 
IoT technologies provide real-time monitoring, equipment in-
terlinking, and data-driven process optimization. Together, these 
technologies empower manufacturers to move from reactive to 
proactive and even autonomous operational models [2].

The UAE, under its national innovation and industrial strategies 
(e.g., UAE Industry 4.0, Operation 300bn), is investing heavily 
in smart technology to enhance local industrial competitiveness. 
Emirates Global Aluminium (EGA), the largest industrial com-
pany in the UAE outside the oil and gas sector, stands at the fore-
front of this transformation. With complex aluminium smelting 
and casting operations that demand precision, safety, and effi-
ciency, EGA has adopted AI and IoT technologies to optimize 
production scheduling, reduce downtime through predictive 
maintenance, improve energy efficiency, and ensure consistent 
product quality. The organization’s efforts reflect a broader com-
mitment to digital transformation as a strategic pillar for main-
taining global competitiveness [3].

This study is particularly timely as it explores not only the 
technological applications within EGA’s smart manufacturing 
initiatives but also addresses organizational, cultural, and in-
frastructural enablers and barriers to AIoT implementation. By 
examining the EGA case, the research contributes a valuable in-
dustry-specific understanding of how AI and IoT technologies 
are reshaping manufacturing processes in resource-intensive 
environments. It also provides practical and theoretical impli-
cations for manufacturing leaders, digital transformation strate-
gists, and policymakers aiming to foster technology adoption in 
the Middle East and other emerging industrial regions [4].

Research Scope
This research investigates the strategic and operational impact 
of Artificial Intelligence (AI) and Internet of Things (IoT) tech-
nologies on smart manufacturing practices within Emirates 
Global Aluminium (EGA), a leading industrial enterprise in 
the United Arab Emirates. The study focuses on understanding 
how the integration of AI and IoT—collectively referred to as 
AIoT—enhances manufacturing performance across various 
operational domains, such as efficiency, quality control, ener-
gy usage, and predictive maintenance. The research is bounded 
within EGA’s operational facilities and incorporates qualitative 
insights from 15 domain experts, including managers, engineers, 
and digital transformation specialists. The scope also includes 
an examination of the organization’s digital transformation read-
iness, supporting infrastructure, and data governance practices 
that influence the adoption and performance of AIoT systems. 
By adopting a multi-theoretical framework and case study ap-
proach, this research aims to provide actionable insights and 
theoretical contributions relevant to Industry 4.0 transitions in 
resource-intensive sectors.

Research Questions
•	 How do Artificial Intelligence capabilities influence smart 

manufacturing performance outcomes such as predictive 
maintenance, energy efficiency, and product quality at 
EGA?

•	 In what ways does IoT integration and infrastructure affect 
EGA’s ability to achieve real-time monitoring, operational 
efficiency, and production agility?

•	 What organizational factors determine EGA’s readiness for 
digital transformation, and how do they support or hinder 
the successful adoption of AIoT technologies?

•	 How do data management systems and cybersecurity proto-
cols influence the effectiveness and trustworthiness of AIoT 
applications in EGA’s manufacturing processes?
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Research Objectives
•	 To evaluate how Artificial Intelligence capabilities such as 

machine learning, computer vision, and decision support 
systems contribute to enhancing smart manufacturing per-
formance at EGA.

•	 To examine the role of IoT integration and infrastructure—
including sensors, edge devices, and industrial platforms—
in influencing operational outcomes and production flexi-
bility at EGA.

•	 To assess the level of digital transformation readiness at 
EGA, including leadership commitment, skills, and inno-
vation culture, and its effect on AIoT-driven manufacturing 
efficiency.

•	 To analyse how data management and cybersecurity prac-
tices impact the reliability, interoperability, and scalability 
of AI and IoT technologies in EGA’s smart manufacturing 
ecosystem.

Literature Review
The global manufacturing sector is undergoing rapid transforma-
tion driven by the convergence of emerging technologies under 
the industry 4.0 paradigm. Among these, Artificial Intelligence 
(AI) and the Internet of Things (IoT) stand out as key enablers 
of Smart Manufacturing, where systems are increasingly intel-
ligent, self-optimizing, and interconnected. Numerous scholars 
have emphasized AI’s potential in predictive analytics, process 
optimization, and autonomous decision-making in manufactur-
ing [5, 6]. AI technologies such as machine learning, natural lan-
guage processing (NLP), computer vision systems, and decision 
support systems have been widely adopted to enhance forecast-
ing, quality assurance, and real-time diagnostics [7]. These tech-
nologies support adaptive manufacturing, where decisions are 
not only automated but also contextual and data driven.

In parallel, IoT technologies provide the digital backbone for 
real-time data collection, transmission, and communication 
among machines, systems, and sensors [8]. IoT integration in-
volves sensor deployment, data acquisition systems, edge com-
puting devices, and industrial IoT platforms, which together en-
able a seamless flow of operational data across manufacturing 
networks. Scholars such as Kilari and Yu  have highlighted how 
IoT infrastructure enables real-time monitoring, asset tracking, 
and performance management, laying the foundation for AI to 
process and interpret operational data intelligently. The interde-
pendence of AI and IoT—referred to as AIoT—has emerged as a 
focal point for enhancing manufacturing agility, energy efficien-
cy, and process control [9, 10].

Smart Manufacturing Performance is increasingly being defined 
through multidimensional indicators such as operational effi-
ciency, production flexibility, product quality, energy efficiency, 
and predictive maintenance capabilities [11]. These outcomes 
are critical in high-capital industries like aluminium manufac-
turing, where even minor inefficiencies can lead to substantial 
cost implications. Empirical studies by Rahmayanti and George 
have linked AIoT implementations to measurable improvements 
in performance metrics, particularly in areas of downtime reduc-
tion, scrap minimization, and process visibility [12, 13].

Another critical construct explored in the literature is Digital 
Transformation Readiness. This includes a firm’s preparedness 

in terms of digital skills and training, leadership commitment, 
technology infrastructure, and innovation culture [14, 15]. Or-
ganizational readiness is considered a key enabler for adopting 
complex technologies and aligning them with long-term strate-
gic goals. Without proper change management processes and 
digital governance, technology adoption efforts often remain 
fragmented or fail to yield sustainable results.

Furthermore, Data Management and Cybersecurity have 
emerged as non-negotiable pillars of any digital transformation 
initiative. Studies by Sadeghi & Wachsmann  and Sun et al.  indi-
cate that the success of AI and IoT deployments heavily depends 
on the organization’s ability to manage data collection accuracy, 
real-time analytics, data governance policies, and cybersecuri-
ty protocols. In industrial settings like EGA’s, the protection of 
proprietary data and infrastructure from cyber threats is essential 
for maintaining operational continuity and stakeholder trust [16, 
17].

To theoretically anchor these variables, the study integrates mul-
tiple frameworks. The Technology-Organization-Environment 
(TOE) framework provides a holistic view of how technological 
capabilities, organizational readiness, and environmental condi-
tions influence innovation adoption [18]. The Resource-Based 
View (RBV) emphasizes the importance of leveraging internal 
technological capabilities—such as AI and IoT—as strategic as-
sets [19]. The Dynamic Capabilities Theory (DCT) highlights 
an organization’s ability to integrate, build, and reconfigure in-
ternal competencies to address rapidly changing environments 
[20]. Additionally, Socio-Technical Systems (STS) theory un-
derscores the interaction between human and technical elements 
in digital systems, while Diffusion of Innovation (DOI) theory 
explains the patterns and stages of technological adoption within 
firms [21].

Literature Gaps
While prior research has established the strategic potential of AI 
and IoT in manufacturing, limited empirical studies exist that 
focus on integrated AIoT implementation in resource-intensive 
sectors like aluminium production, particularly in the Middle 
Eastern context. Most existing models treat AI and IoT sepa-
rately, overlooking the synergistic impact of AIoT systems in 
creating responsive and intelligent manufacturing ecosystems. 
Additionally, few studies incorporate organizational enablers 
such as digital readiness and data governance in the same con-
ceptual model, despite growing consensus on their critical role 
in successful transformation initiatives [5, 22].

Moreover, literature has largely emphasized case studies from 
Western or Asian markets, while practical evidence from Gulf-
based industrial enterprises remains scarce, thereby limiting 
contextual relevance for organizations like Emirates Global Alu-
minium (EGA). Another important gap is the lack of multi-theo-
retical integration in most existing studies. While TOE and RBV 
are frequently cited, there is a need to incorporate complemen-
tary lenses such as Dynamic Capabilities and Socio-Technical 
Systems Theory to fully understand the socio-technical com-
plexity and strategic agility required for successful smart manu-
facturing transformation.

This research addresses these gaps by proposing an integrat-
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ed conceptual model involving four core variables—Artificial 
Intelligence Capabilities, IoT Integration and Infrastructure, 
Digital Transformation Readiness, and Data Management and 
Cybersecurity—and assessing their influence on Smart Manu-
facturing Performance at EGA. The study uses multiple theo-
retical frameworks to ensure a comprehensive analysis of tech-
nological, organizational, and environmental determinants. The 
15 expert interviews enrich the empirical understanding of AIoT 
implementation, offering practical insights that bridge the gap 
between theoretical constructs and industry application.

Theoretical Framework
To examine the multifaceted influence of AI and IoT technol-
ogies on smart manufacturing performance at Emirates Global 
Aluminium (EGA), this research integrates five complementa-
ry theoretical perspectives: the Technology-Organization-En-
vironment (TOE) Framework, Resource-Based View (RBV), 
Dynamic Capabilities Theory (DCT), Socio-Technical Systems 
(STS) Theory, and the Diffusion of Innovation (DOI) Theory. 
This integrative theoretical approach provides a comprehensive 
lens through which both the technological and organizational 
complexities of digital transformation in manufacturing can be 
understood.

The Technology-Organization-Environment (TOE) framework, 
proposed by Tornatzky and Fleischer, offers a foundational 
structure for assessing how technology adoption is influenced by 
three key contexts: the technological capabilities available, the 
internal organizational context, and the external environment. In 
the present study, Artificial Intelligence Capabilities (e.g., ma-
chine learning, NLP, computer vision) and IoT Integration and 
Infrastructure (e.g., sensor networks, industrial platforms) fall 
under the technological dimension [18]. The organizational di-
mension is captured through Digital Transformation Readiness, 
including leadership commitment, training, and innovation cul-
ture, while Data Management and Cybersecurity practices ad-
dress both internal and external environmental preparedness. 
The TOE framework is particularly useful in understanding the 
multidimensional interactions required to achieve optimal smart 
manufacturing performance [23].

The Resource-Based View (RBV) complements the TOE frame-
work by emphasizing that internal technological and human 
resources—when valuable, rare, inimitable, and non-substi-
tutable—can lead to sustained competitive advantage [19]. At 
EGA, the presence of AI capabilities and IoT infrastructure is 
seen as strategic assets that enhance operational performance 
and innovation. These resources, however, must be well-aligned 
with the firm’s strategic intent and effectively integrated across 
departments. The RBV supports the idea that smart manufactur-
ing performance is a direct result of how organizations leverage 
and mobilize their unique internal capabilities, particularly those 

tied to digital technologies and data analytics [24].

The Dynamic Capabilities Theory (DCT) extends the RBV by 
focusing on the organization’s ability to sense, seize, and trans-
form in rapidly changing environments [20]. In the context of 
EGA, digital transformation readiness reflects these dynamic 
capabilities—especially through the firm's ability to reskill its 
workforce, adapt to technological innovations, and embed new 
processes into existing operations. These dynamic capabilities 
are essential for the effective deployment and evolution of AIoT 
technologies in manufacturing contexts characterized by scale, 
complexity, and sustainability requirements. To address the 
interplay between technological systems and human/organiza-
tional factors, the study also draws on Socio-Technical Systems 
(STS) Theory. This perspective posits that technological change 
in complex systems like manufacturing cannot succeed without 
simultaneous changes in organizational structures, roles, and 
cultures. The successful implementation of AI and IoT at EGA 
requires not just technological tools, but alignment with work-
er competencies, cross-functional collaboration, and change 
management. STS theory reinforces the importance of Digital 
Transformation Readiness and Data Governance as socio-orga-
nizational factors critical to achieving effective AIoT integration 
[25].

Lastly, Diffusion of Innovation (DOI) Theory offers a behavioral 
perspective by explaining how new technologies are adopted and 
spread within organizations [21]. The theory’s five innovation 
characteristics—relative advantage, compatibility, complexity, 
trialability, and observability—are relevant for understanding 
how AIoT adoption progresses at EGA. For example, the per-
ceived complexity of integrating AI algorithms with IoT sensors 
could delay adoption unless offset by clear performance benefits 
(relative advantage) and strong leadership support. DOI theory 
helps to explain the patterns of resistance, acceleration, and ac-
ceptance seen in the qualitative findings from EGA’s workforce 
[26].

By integrating these five theoretical perspectives, the conceptual 
model is robustly grounded and capable of capturing the techno-
logical, strategic, and behavioral dimensions of AIoT adoption. 
The hypotheses (H1–H4) are thus formed to empirically test 
how Artificial Intelligence Capabilities, IoT Integration, Digital 
Transformation Readiness, and Data Management and Cyberse-
curity influence Smart Manufacturing Performance—measured 
through key operational indicators relevant to EGA’s business 
and the broader goals of sustainable industrial competitiveness.

Conceptual using the integrated Technology-Organization-En-
vironment (TOE) Framework, Resource-Based View (RBV), 
Dynamic Capabilities Theory (DCT), Socio-Technical Systems 
Theory (STS), and Diffusion of Innovation Theory (DOI)
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Hypotheses 
H1: The Artificial Intelligence Capabilities have a significant in-
fluence on Smart Manufacturing Performance at EGA
H2: Smart Manufacturing Performance at EGA is significantly 
influenced by IoT Integration and Infrastructure 
H3: The Digital Transformation Readiness have a significant in-
fluence on Smart Manufacturing Performance at EGA
H4: Smart Manufacturing Performance at EGA is significantly 
influenced by Data Management and Cybersecurity

Methodology
This research adopts the Research Onion framework developed 
by Saunders et al. to provide a structured, layered approach to 
methodological design [27]. The framework facilitates a clear 
alignment between the philosophical foundation, research strat-
egy, time horizon, data collection techniques, and the overall 
purpose of the study. The central objective of this research is 
to explore how AI and IoT technologies influence smart man-
ufacturing performance at Emirates Global Aluminium (EGA), 
and how organizational readiness and data practices mediate this 
influence. As such, the methodology is designed to capture deep, 
context-specific, and expert-driven insights.

At the outermost layer of the onion, the study is grounded in an 
interpretivist research philosophy, which recognizes that the re-
ality of AIoT integration in manufacturing is socially construct-
ed and contextually influenced. Interpretivism is particularly 
suitable for this study because it seeks to understand subjective 
expert experiences and perspectives on digital transformation 
within EGA. Unlike positivist approaches that aim for gener-
alizability, interpretivism allows for nuanced exploration and 
meaning making through dialogue with stakeholders, thus pro-
viding richer qualitative insights into technological adoption and 
operational challenges [28].

The research employs an abductive research approach, which 
combines elements of both inductive and deductive reasoning. 
This approach enables the researcher to start with a conceptu-
al model grounded in existing theory (TOE, RBV, DCT, STS, 
DOI), while remaining open to revising or expanding this model 
based on the empirical findings from interviews. Abduction is 
appropriate in under-researched domains such as AIoT applica-

tions in UAE-based heavy industries, where both theory refine-
ment and new theme discovery are essential.
Aligned with the interpretivist philosophy and abductive ap-
proach, the study uses a case study strategy focusing exclusively 
on Emirates Global Aluminium (EGA). A single embedded case 
study design allows for an in-depth examination of how AI and 
IoT technologies are integrated into manufacturing processes 
and how organizational factors such as digital readiness, data 
governance, and cybersecurity influence outcomes.

The case study method is especially effective for answering 
“how” and “why” questions within a real-life organizational 
context, making it an ideal choice for exploring complex, inter-
dependent variables [29]. The methodological choice is a qual-
itative mono-method, relying on semi-structured interviews as 
the primary data collection tool. This qualitative method allows 
for open-ended responses and deeper probing into areas such as 
technology deployment, workforce transformation, leadership 
challenges, and data management strategies. A total of 15 do-
main experts from EGA were selected using purposive sampling 
to ensure relevance and expertise. Participants included AI en-
gineers, digital strategy heads, plant operations managers, and 
cybersecurity officers. Each interview lasted between 45 to 60 
minutes and was conducted either in person or via secure video 
conferencing platforms, with informed consent obtained prior to 
recording and transcription.

The research adopts a cross-sectional time horizon, capturing 
the state of AIoT implementation at EGA during a specific time-
frame. While digital transformation is an evolving process, the 
study seeks to provide a snapshot of current practices, challeng-
es, and strategic implications of AI and IoT integration within 
the manufacturing ecosystem. This time-bound design supports 
the research objective of evaluating current performance drivers 
and readiness indicators rather than tracking long-term change.

For data analysis, the study uses thematic analysis following 
Braun and Clarke’s six-phase framework: familiarization with 
data, coding, theme generation, theme review, theme definition, 
and final reporting [30]. Thematic analysis enables both deduc-
tive coding (aligned with the conceptual model and hypoth-
eses) and inductive theme emergence, allowing for a flexible 
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yet structured interpretation of expert insights. Data were anal-
ysed manually and cross-validated for consistency, with themes 
mapped directly to the key variables of AI capabilities, IoT in-
frastructure, digital transformation readiness, data management, 
and smart manufacturing outcomes [31].

Finally, ethical considerations were rigorously observed. Par-
ticipants were informed of their rights, the voluntary nature of 
participation, and data confidentiality. Anonymization protocols 
were applied to protect identities, and all data were stored se-
curely for academic use only. Ethical approval was obtained in 

advance to ensure compliance with research integrity standards.

The methodology adopted in this study is robust, context-sensi-
tive, and well-suited to address the research objectives. By us-
ing the Research Onion framework, this study provides a clear 
rationale for each methodological decision and ensures consis-
tency between theoretical grounding and empirical inquiry. The 
result is a rich, qualitative exploration of AIoT adoption in a 
strategically important manufacturing organization in the UAE, 
with valuable implications for both scholars and industry prac-
titioners [32].

Interviewee Summary Table – EGA Smart Manufacturing Study
Interviewee No. Experience 

(Years)
Designation Department/Sector Key Insight Area

1 18 AI Engineer AI & ML Division Machine learning models improved 
predictive maintenance scheduling

2 22 Plant Operations 
Manager

Smelting Operations AI systems reduced production waste 
by 12% in smelting operations

3 15 Head of IoT Systems IoT Systems IoT sensors enabled real-time monitor-
ing of furnace conditions

4 20 Digital Transforma-
tion Lead

Digital Strategy Cross-department digital collaboration 
improved adoption

5 16 Cybersecurity Con-
sultant

Information Security AI-enhanced cybersecurity analytics 
improved system protection

6 21 Head of Data Ana-
lytics

Data Science Data pipelines enabled predictive 
process controls

7 14 Automation Specialist Automation Engineer-
ing

PLC integration with AI allowed seam-
less process adjustments

8 17 Production Optimiza-
tion Manager

Process Optimization Digital twins optimized throughput in 
casting operations

9 19 Control Systems 
Engineer

Systems Engineering Edge computing improved latency in 
control responses

10 13 Smart Manufacturing 
Advisor

Industrial Strategy Organizational readiness was key to 
successful transformation

11 23 IT Infrastructure 
Manager

IT & Networking Cloud migration enhanced scalability 
of AIoT systems

12 12 Maintenance Strategy 
Head

Maintenance Engi-
neering

Maintenance algorithms cut unsched-
uled downtime by 18%

13 24 Chief Technical 
Officer

Executive Leadership Top-down vision enabled system-wide 
AIoT rollout

14 20 Energy Efficiency 
Lead

Sustainability Energy monitoring IoT systems re-
duced power usage by 8%

15 18 Industrial Innovation 
Consultant

Strategic Projects 
Office

Integrated strategy aligned AIoT proj-
ects with business KPIs

Interview Summary
The qualitative phase of this study was conducted through 
semi-structured interviews with 15 domain experts from Emir-
ates Global Aluminium (EGA), comprising professionals in 
roles such as AI engineers, IoT infrastructure specialists, digital 
transformation leaders, plant operations managers, data analyt-
ics officers, and cybersecurity consultants. These participants 
were purposively selected based on their strategic involvement 
in AI and IoT initiatives within the organization and their direct 
experience with the implementation and scaling of smart man-
ufacturing technologies. The average professional experience 
among interviewees ranged from 12 to 25 years, with a rich mix 

of operational, technical, and managerial expertise, providing a 
multi-layered understanding of digital transformation dynamics 
within EGA’s complex industrial environment [32].

The interviews, each lasting approximately 45 to 60 minutes, 
were conducted over a four-week period, using both face-to-face 
and virtual formats, and were guided by an interview protocol 
aligned with the conceptual model. The responses were record-
ed, transcribed, anonymized, and subjected to thematic analy-
sis. A significant emphasis was placed on capturing insights 
related to the four independent variables—AI capabilities, IoT 
infrastructure, digital transformation readiness, and data gover-
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nance—and their relationship with the dependent variable, smart 
manufacturing performance. The responses revealed diverse but 
converging experiences regarding the operational impact of 
AIoT technologies, the organizational enablers and constraints, 
and the practical hurdles in real-world implementation. The in-
clusion of senior technical staff, project managers, and strategic 
advisors ensured that the insights covered both high-level plan-
ning and ground-level execution of smart manufacturing initia-
tives at EGA [33].

Thematic Analysis
Thematic analysis of the interview transcripts revealed five 
dominant themes aligned with the conceptual model. The first 
theme, AI Capabilities, highlighted the transformative role of 
machine learning in predictive maintenance, quality control, 
and anomaly detection. Participants shared examples where AI-
based fault detection models helped preempt equipment failure, 
leading to a measurable reduction in downtime and improved 
process continuity. Natural language processing was also noted 
as being useful for optimizing control room communication and 
documentation analysis, further integrating AI into knowledge 
workstreams.

The second theme, IoT Infrastructure, emerged as central to the 
smart manufacturing ecosystem. Experts described how the de-
ployment of industrial IoT sensors—tracking variables such as 
temperature, vibration, pressure, and energy usage—allowed 
for real-time data acquisition that fed directly into AI models. 
The synergy between AI and IoT was most evident in use cases 
involving dynamic resource allocation and environmental emis-
sions control, where sensor data enabled rapid machine-level 
adjustments without human intervention.

The third theme focused on Digital Transformation Readiness. 
Respondents emphasized that organizational success in AIoT 
implementation was highly correlated with leadership commit-
ment, employee digital literacy, and cross-departmental coordi-
nation. Some experts noted that while the technological tools 
were available, a lack of organizational agility or resistance to 
change often slowed adoption. EGA’s digital maturity, cultivat-
ed through strategic leadership and investment in workforce up-
skilling, was considered a critical enabler in overcoming these 
barriers.

The fourth thematic area addressed Data Governance and Cyber-
security. Given the volume and sensitivity of operational data at 
EGA, participants emphasized the necessity of robust data man-
agement frameworks, secure architecture, and real-time threat 
detection systems. AI-based anomaly detection in cybersecurity 
was highlighted as increasingly essential, particularly with the 
rise in connected industrial systems. However, interviewees also 
noted that integrating these technologies posed challenges relat-
ed to legacy systems and workforce trust in AI-based security 
mechanisms.

The final theme centered on Smart Manufacturing Performance, 
with nearly all interviewees acknowledging noticeable gains in 
operational efficiency, predictive maintenance reliability, prod-
uct quality, and energy optimization since the adoption of AIoT. 
Nonetheless, participants cautioned that these improvements 
were uneven across facilities, depending on the level of digital 

integration and data infrastructure in place. The interviews made 
clear that AIoT technologies, when strategically implemented 
and supported by organizational readiness and strong data gov-
ernance, delivered significant operational value at EGA.

Hypotheses Decisions
Each hypothesis in the study was evaluated based on the quali-
tative insights gathered from the interviews and the supporting 
documentation available at EGA. The findings indicate strong 
empirical support for all four proposed hypotheses.

H1: Artificial Intelligence Capabilities have a significant influ-
ence on Smart Manufacturing Performance – This hypothesis 
is strongly supported. Interviewees provided multiple examples 
where machine learning and AI algorithms enabled fault predic-
tion, process automation, and adaptive control, leading to quan-
tifiable improvements in production efficiency, product quality, 
and maintenance schedules. AI capabilities such as computer 
vision and natural language processing were also applied in au-
tomating inspection and documentation tasks, contributing to 
performance gains.

H2: IoT Integration and Infrastructure significantly influence 
Smart Manufacturing Performance – This hypothesis is also 
validated by the data. Experts emphasized that IoT networks 
formed the backbone of real-time visibility across the produc-
tion line. The seamless flow of data from connected sensors to 
centralized monitoring systems enabled automated responses to 
changing process conditions and minimized production variabil-
ity. Facilities with advanced sensor deployment and edge com-
puting infrastructure exhibited faster and more accurate respons-
es to anomalies.

H3: Digital Transformation Readiness significantly influences 
Smart Manufacturing Performance – The hypothesis is well sup-
ported by qualitative findings. Organizational factors, particular-
ly executive commitment, employee upskilling, and cross-func-
tional alignment, were critical in determining the success of 
AIoT integration. Sites with a proactive digital strategy demon-
strated higher adoption rates and better system optimization. 
Conversely, facilities lacking in digital literacy or organizational 
buy-in struggled to leverage the full potential of the technology.

H4: Data Management and Cybersecurity significantly influence 
Smart Manufacturing Performance – This hypothesis is also af-
firmed. Respondents stressed the importance of data integrity, 
secure data storage, and real-time threat monitoring in the ef-
fective use of AIoT systems. Cybersecurity frameworks had to 
evolve alongside technological advancements, and investments 
in AI-based security systems were cited as both preventive and 
confidence-boosting measures. Poor cybersecurity practices 
were perceived as potential bottlenecks to AIoT adoption.

Implications of the Research
The findings of this research have significant practical, strate-
gic, and theoretical implications. From a practical standpoint, 
the study provides a contextual roadmap for industrial organi-
zations seeking to implement AI and IoT in manufacturing. It 
illustrates how tailored AI applications—such as predictive ana-
lytics for maintenance and computer vision for inspection—can 
deliver efficiency and quality improvements when combined 
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with robust IoT data streams. The case of EGA demonstrates the 
tangible benefits of AIoT, while also outlining the prerequisite 
conditions for successful adoption, including skilled personnel, 
integrated systems, and proactive leadership.

Strategically, the study highlights the necessity of organizational 
readiness, especially in capital-intensive sectors like aluminium 
production. EGA’s experience shows that technology implemen-
tation alone does not drive transformation; rather, it is the strate-
gic orchestration of digital culture, data governance, and change 
management that sustains competitive advantage. The research 
also reinforces the importance of embedding cybersecurity and 
data ethics in digital transformation strategies, given the grow-
ing reliance on interconnected and autonomous systems.

Theoretically, the study makes a multi-dimensional contribution 
by integrating five well-established frameworks—TOE, RBV, 
DCT, STS, and DOI—into a single conceptual model. This 
holistic approach offers a rich lens through which the complex 
interplay of technology, organization, and environment can be 
examined in the context of smart manufacturing. The research 
provides empirical support for these theories, particularly 
demonstrating how dynamic capabilities, internal resources, and 
environmental enablers jointly determine technology adoption 
outcomes.

Limitations and Future Research Directions
Despite the richness of the data and the robustness of the find-
ings, this study acknowledges several limitations. First, the sin-
gle case study design limits the generalizability of the results 
to other industrial sectors or geographical contexts. While EGA 
represents a leading example in the Middle East, findings may 
vary in other cultural or regulatory environments. Second, the 
qualitative nature of the study, while offering deep insights, does 
not allow for statistical validation of relationships between vari-
ables. Future research could benefit from quantitative approach-
es using survey instruments or performance metrics to test the 
conceptual model across multiple organizations.

Additionally, this research captures a cross-sectional snapshot 
of a dynamic transformation process. Longitudinal studies are 
needed to understand how AIoT integration evolves over time, 
particularly in terms of sustained performance impact, workforce 
adaptation, and regulatory responses. Future research could also 
investigate emerging technologies such as digital twins, 5G-en-
abled industrial systems, and blockchain applications in smart 
manufacturing. Comparative case studies across sectors like 
aerospace, automotive, or pharmaceuticals would further deepen 
understanding of sector-specific drivers and barriers.

The Contribution and Originality of the Research
This research offers several distinct contributions to both aca-
demia and practice. It is among the first studies to examine AI 
and IoT integration in a heavy industrial context within the UAE, 
providing regional relevance and sectoral specificity that is often 
missing in global smart manufacturing literature. The conceptu-
al model developed herein bridges five prominent theories and 
is grounded in empirical data, offering a replicable framework 
for future studies.

The originality of this study lies in its ability to contextualize 

complex digital transformations within real organizational set-
tings, combining strategic insight with operational reality. By 
capturing the lived experiences of technical and managerial ex-
perts at EGA, the study adds richness to the understanding of 
digital innovation and provides practical recommendations that 
go beyond generic adoption models.

Conclusion
This study set out to explore the transformative role of Artifi-
cial Intelligence (AI) and Internet of Things (IoT) technologies 
in enabling smart manufacturing practices, with a focused case 
analysis of Emirates Global Aluminium (EGA)—a global indus-
trial leader in aluminium production and a regional pioneer in 
Industry 4.0 adoption. In response to the growing need for sus-
tainable, agile, and data-driven manufacturing operations, this 
research sought to understand how AIoT integration can improve 
operational performance, decision-making, and long-term com-
petitiveness in heavy industrial environments. The study was 
grounded in an integrated conceptual model drawing from five 
well-established theoretical frameworks: the Technology-Or-
ganization-Environment (TOE) Framework, Resource-Based 
View (RBV), Dynamic Capabilities Theory (DCT), Socio-Tech-
nical Systems (STS) Theory, and the Diffusion of Innovation 
(DOI) Theory [34-36].

Using a qualitative methodology involving semi-structured in-
terviews with 15 domain experts across EGA’s operational, tech-
nological, and strategic domains, the study produced rich empir-
ical insights that affirm the multidimensional impact of AIoT. 
The findings strongly support all four hypotheses proposed in 
the conceptual model. AI capabilities—such as machine learn-
ing for predictive maintenance and computer vision for quality 
inspection—have enabled greater automation, early fault detec-
tion, and enhanced precision in operations [37]. Simultaneous-
ly, the IoT infrastructure comprising real-time sensor networks, 
edge devices, and centralized dashboards has empowered EGA 
to monitor, control, and optimize its production environments 
with heightened responsiveness. Together, the AIoT ecosystem 
has significantly contributed to EGA’s smart manufacturing per-
formance in terms of reduced downtime, improved product con-
sistency, optimized energy consumption, and enhanced process 
visibility.

However, the research also underscores that technology alone 
does not guarantee success. Digital transformation readiness—
including leadership commitment, staff training, cross-function-
al integration, and innovation culture—emerged as a critical 
enabler in determining the effectiveness of AIoT adoption [38]. 
Sites within EGA that demonstrated higher levels of organi-
zational maturity, openness to innovation, and workforce pre-
paredness were notably more successful in translating techno-
logical investments into performance outcomes. Furthermore, 
the study highlights the crucial role of robust data management 
and cybersecurity protocols in sustaining the scalability and in-
tegrity of AIoT systems. Given the volume and sensitivity of 
data processed in smart manufacturing, EGA’s strategic empha-
sis on data governance and AI-powered threat monitoring has 
proven indispensable [39].

This research makes several valuable contributions. Theoretical-
ly, it expands existing literature by integrating five complemen-
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tary frameworks into a unified model that captures the complex 
interplay between technology, organization, and environment 
in smart manufacturing. Empirically, it offers an in-depth, con-
text-specific examination of how a leading UAE-based manu-
facturer applies AI and IoT in real-world operations—filling a 
significant gap in both regional and sectoral literature. Practical-
ly, the study offers a strategic roadmap for industrial managers, 
technology developers, and policymakers interested in deploy-
ing AIoT solutions to drive operational efficiency, sustainability, 
and competitive advantage [40].

Despite its depth, the study acknowledges certain limitations. It 
adopts a single-case qualitative design, which, while rich in con-
textual insight, limits generalizability. The absence of quantita-
tive validation and longitudinal tracking also suggests avenues 
for future research. Scholars may build on this work by conduct-
ing multi-case or cross-sectoral studies, applying quantitative 
models such as SEM or PLS to test the conceptual framework, 
or exploring emerging technologies like digital twins and decen-
tralized AI in smart factories. In addition, comparative studies 
across regions—such as Southeast Asia, Europe, or Sub-Saharan 
Africa—can provide insights into how cultural, regulatory, and 
infrastructural differences influence AIoT adoption.

In conclusion, this study provides a comprehensive, multi-theo-
retical, and empirically grounded understanding of how AI and 
IoT technologies are reshaping the landscape of industrial man-
ufacturing through smart, data-centric, and adaptive systems. 
The case of EGA illustrates the enormous potential of AIoT to 
transform traditional manufacturing into a predictive, resilient, 
and intelligent ecosystem. It also highlights that the path to dig-
ital maturity is not solely technological but also organization-
al, cultural, and strategic. As global industry continues to move 
towards interconnected, automated, and sustainable paradigms, 
studies such as this serve as valuable blueprints for navigating 
the complex journey of industrial digital transformation.
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