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ABSTRACT

Over time, practitioners have adopted different manufacturing strategies to address
production-related issues in order to remain globally competitive. The manufacturing
industry is currently experiencing the fourth industrial revolution, which is marked by new
advances in information and communication technology (ICT) infrastructure. With
advancements in ICT, new technological paradigms in manufacturing such as Industry 4.0,
digital manufacturing, and smart manufacturing have emerged. Industry 4.0 is a high-tech
digitalization concept introduced by the German government in 2011 to digitally integrate
existing production systems through the use of enabling technologies. These technologies
include the Internet of Things (loT), cloud, cybersecurity, blockchain, robots, big data
analytics, simulation, augmented reality, and 3D printing (or additive manufacturing).
Industry 4.0 has been recognized as a key strategy for enhancing the quality, productivity,
sustainability, and efficiency of manufacturing companies. Despite the fact that Industry 4.0
implementation has become a vital factor in manufacturing industries across the developed
countries, there has been little attention in the literature to examine the various relevant
aspects related to Industry 4.0 implementation in the context of emerging economies like
India. To address this critical gap in the literature, the present research attempts to analyze
the relevant implementation variables of Industry 4.0 for the Indian manufacturing
organization through undertaking six different studies.

The first study aims at proposing a conceptual framework for managing the
implementation issues of Industry 4.0 using soft system methodology (SSM). According to
the SSM analysis, the three target areas were identified as the most critical for managing the
root causes of Industry 4.0 implementation. These areas include a digital readiness
assessment system, an implementation management system (which includes a technological
infrastructure system, workforce development system, and regulatory mechanism system),
and Industry 4.0 enabled manufacturing system. The second study aims at investigating and
validating the interrelationships for both enablers and barriers of Industry 4.0. Hierarchical
structural models based on interpretive structural modeling (ISM) were developed for the

identified enablers and barriers. Furthermore, PLS-SEM was used to statistically validate the



interrelationships represented by the ISM diagram, and analysis revealed that enablers and
barriers with strategic orientation have the most influence on Industry 4.0 implementation.
The third study proposes a framework based on a graph-theoretic approach (GTA) for
evaluating the intensity of barriers in the implementation of Industry 4.0. The GTA results
revealed that the considered case company is most significantly impacted by organizational,
strategic, technological, and infrastructural barriers. In contrast, it is least affected by socio-
cultural barriers and legal barriers. In addition, a normalized scale was developed to assess
the level of preparedness of the considered case company for implementing Industry 4.0. The
fourth study proposed an integrated research framework based on a modified SWARA-
WASPAS methodology to prioritize the strategies for mitigating the impact of Industry 4.0
barriers. ‘Commitment from top management towards Industry 4.0 implementation’,
‘Framing of a strategic roadmap for Industry 4.0 implementation’ and ‘Align people, process
and technology for effective change management’ were obtained as important strategies for
Industry 4.0 implementation. The fifth study proposed a hybrid research framework based
on the Neutrosophic AHP and Neutrosophic CoCoSo methodology to prioritize the Industry
4.0 performance outcomes realized due to the adoption of its enablers. ‘Improved
responsiveness to market conditions in today’s competitive business environment’,
‘Enhanced competitiveness and better market share’, ‘Reduction in manufacturing waste and
environment sustainability’, ‘Better product quality, through smart management of
production process’ were obtained as top-ranked performance outcomes of Industry 4.0.

In the sixth study, the SAP-LAP (situation-actor-process and learning-action-
performance) approach was employed to identify the various variables influencing Industry
4.0 implementation. The main Industry 4.0 actors and actions to be performed by them have
been prioritized using an efficient interpretative ranking approach (e-IRP). Finally, a
framework for establishing Industry 4.0 platform is proposed, stressing the involvement of
different government agencies, industry associations, private and public companies in
addressing the primary criteria of Industry 4.0.

The findings obtained from this research offer valuable insights to the practitioners,
researchers, and policymakers engaged in the implementation of Industry 4.0. An integrated
framework proposed in this research would enable them in understanding the prioritized

sequence of strategies and performance outcomes of Industry 4.0, interrelationships of both



Industry 4.0 enablers and barriers, intensity or overall impact of different categories of
barriers, and role of key stakeholders in coordinating the required activities related to
Industry 4.0 implementation. A thorough understanding of each implementation variable
would assist practitioners in developing a well-defined strategy roadmap for the effective

implementation of Industry 4.0.
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fgfreciorrur srauron § R SHH PR gRT 2011 H W& Wenfifeal & IuaiT &
H1eqH  HiSal SdTe- Jonferd &I fSfored U § Thidhd o o forg U=t fasam T |
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TRd 0T & Y § A & S §1 39 9 & STavlg b I 4.0 BT SR
famRa 3= & I & fafur & te Agayul HRE 99 T | HRA o IR
Sfeawpre & deH § IENT 4.0 HEta § de&fdd fafid uifie ugqsit &t s
B & g it & sigd &H e fear man B 1wt & 59 Heayuf 8ick &l g A
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RUHIA® ASHY IR HRAT 3R AN B IRRGT BT, THTET gRkaa g & fag
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