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Abstract: - The efficient management of global operations and supply chain (SC) flows has become crucial for
organisations seeking to achieve operational efficiency, process optimisation, flexibility, and sustainable long-
term growth in today's dynamic and linked business environment. This study places a greater emphasis on 14.0
(14.0) and the technologies it offers, which are particularly beneficial for SC, smart manufacturing and
sustainability. 14.0 and its associated technologies, such as the Internet of Things (10T), big data analytics, cloud
computing, and blockchain technology, offer significant benefits for enhancing business optimisation and
streamlining labour processes. Enhancing SC networks through the implementation of 14.0 technologies has
demonstrated notable improvements, particularly in the field of industrial engineering. ldentifying potential risks
associated with the process of digitisation is a crucial aspect within an organisational context. The research
employed a pragmatic philosophical framework, an inductive methodological approach, and thematic analysis to
enhance the quality of the findings. This analysis examines the countries and firms that are at the forefront of
global leadership. Additionally, it explores the significance of university partnerships in fostering innovation and
driving commercial growth. A digital twin is used for problem-solving purposes, such as network design,
decision-making, and the resolution of complicated operational issues. The implementation of organisational
strategies can lead to enhanced operational efficiency, reduced risk exposure, and adept responsiveness to market
dynamics, so contributing to a more promising future.
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1 Introduction chains and the economy. Cyber-physical systems, the
Industry 4.0 (14.0) is one of the most crucial and 10T, cloud computing, and cognitive computing are
relevant business trends today, but it is especially ~ Justa few examples of the technologies that make up
crucial to manufacturing, logistics, and the supply the so-called " 14.0" trend in automation and data

chain. Their technologies, which are most beneficial ~ interchange in production. We will observe how 14.0
in every industry, include the 10T, Cyber-Physical is implemented and how it benefits the world. With a
Systems, Big Data Analytics (BDA), and Artificial little _educatlon and training, the products and
Intelligence  (Al). People can operate quite operational procedures of the industry can be changed.
productively with ease. Making decisions quickly for In literature we will see there are some risks to go with
production while preserving product quality is the 14.0 and management of the risk, in addition to that,

industry standard and is made possible by 14.0.  firms that rely too heavily on linked technology are
Nowadays, sustainability is a separate topic, and vulnergble, but 14.0 places a h-lgh priority on data
because the future of the planet is so clearly seen, we  Collection, exchange, and analysis. As a result, there

need to integrate sustainability into every industry. 1S &higher chance of data breaches, cyberattacks, and
The two most important objectives should be  unauthorised —access to private data. Strong
ecological restoration and carbon footprint reduction. ~ Cybersecurity safeguards and data privacy protection

This project focuses on 14.0 to streamline  @re essential. The organisations under consideration
productivity and optimise the supply chain. Different ~ Will favour partial automation and digitisation
countries have their own procedures, and some are  adoption over fully integrated systems during the next
even still implementing 14.0. We must now focus on three to five years. They cite the lack of qualified
sustainability since applying sustainability conceptsto ~ People who will prepare, implement, and use the new
14.0 technology can have a positive impact on supply ~ technology as one of the implementation's main risks
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[1]. Although there are numerous individual
contributions to SCM, such as sensors, real-time
location systems (RTLS), radio frequency
identification (RFID), and even the relatively recent
development of modular factories, we are still able to
optimise the SC's tracking and tracing. New models
and ideas are required by this development to enable
SCM in the future [2]. By enabling businesses to
check their supply chain procedures, traceability
assists efforts to ensure sustainable sourcing, fair
labour practises, and ethical production processes. We
now understand the importance of protecting the
environment, making sustainable waste management
another rising industry. Traceability is crucial for
managing product returns for maintenance, recycling,
or disposal. Overall, the success of the "making in this
country" campaign and the development of a firm
depend on how the government implements its
policies surrounding the adoption of 14.0. In the
African areas, a cloud penetration rate of
approximately 15%, the African continent only
represents 1% of the worldwide public cloud market

[3].

1.1 Research Background

Every business need government assistance and is
also required to abide by the law. The data acquired
from the research approaches are carefully analysed in
the data analysis section, and the results are then
presented. After global pandemic supply chain and
logistics scholars are more important than ever. The
supply chain really occupies a higher-level area in the
industry because the pandemic uncovered weaknesses
in conventional supply networks, leading to
disruptions in sourcing, production, and distribution.
An example of SC disruptions is shown in figure 1.
14.0 also exists in a different context during and after
pandemic.

Additionally, 14.0 was implemented by businesses
due to government regulations involving new taxes
like the GST and E-way bill. The high-quality data
make the supply as efficient as possible to build long-
term value and economic growth. The goals of
sustainable growth keep improving the quality of life
and bringing it up to date. Sustainable development
goals should be the first thing we work on because
they help us avoid things like old-school industrial
engineering that hurt the environment, also effective
supply chain is another crucial element, which is why
having enough inventory is usually beneficial [4]. An
efficient SCM can give several benefits such as cost
savings, customer happiness, cooperation and
partnerships, and data-driven decision-making, and
can significantly contribute to organisation's success.
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Fig. 1: SC Disruptions on Comeback [5]

Every programme in 14.0 is correct, and workers
must follow that path to preserve the quality of the
product; some basic training and knowledge can help
to reskill the workforce. That is why businesses train
and retrain their employees for their own and the
company's future. The risk, which is related to data
security, the environment, and the skill set of the
workforce, was discussed by the learner in this paper.
The business should abide by the sustainability
regulations and periodically refresh its employees.

1.2 Research Aim and Objectives

The research aim is to Effectively manage global
operations and supply chain flows for efficient
operations, process optimisation, flexibility, and long-
term growth. The key research objectives are:

To identify SCM operating efficiency and
resource utilisation while reducing overall costs.

To create SC’s flexible enough to respond swiftly
to shift in the market, consumer needs, and unforeseen
disruptions.

Evaluate 14.0 integration of digital twins and
simulation approaches to enhance SC network
optimisation and decision-making processes.

14.0-enabled SC networks have the potential to
improve environmental sustainability, and businesses
use these tools to spread eco-friendly behaviours and
lower their carbon footprint.

1.3 Research Scope

A paradigm shifts in how industries function has been
brought through with the advancement of 14.0
technologies, especially around SCM. Investigating
the numerous facets of this transition and its effects on
logistics, manufacturing processes, decision-making,
and overall operational efficiency can help us identify
better prospects in the future. The supply chain
efficiency, decision-making, and sustainability are the
main topics of this study. The main challenge is to
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identify cost-effective SC processes. Since we also
need to protect the environment, we must also
integrate new technology for better and smarter work
while reducing carbon footprint. The study's scope
also covers digital twins, which are significant and
crucial in the field of industrial engineering. 14.0 and
the concept of a digital twin are closely related ideas
that are inextricably intertwined. They both have
significant contributions to make to the 14.0 change of
enterprises and industries. Although industries
already have the greatest advisers, our research can
help them at some time with things like cost-cutting,
sustainability, and digitisation. 14.0 actively promotes
sustainability from the perspectives of the "triple
bottom line"—the environment, the economy, and
socially. Figure 2 illustrates an example of the 14.0
landscape.
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Fig. 2: Example 14.0 Landscape [6]

1.0 3.0

18th Century 19th Century 20th Century 21*t Century

By optimising networks and value chains and
enabling more effective business models, this method
creates a new, wiser, industrial perspective. 14.0 is
certain to boost competitiveness and improve
resilience [7]. The industrial engineering field has
been propelled into an era of quick change and
unheard-of potential by innovation, which has
emerged as a powerful catalyst. The implications of
this fast innovation are extensive, advancing not only
the field of industrial engineering but also those of the
environment, health, and transportation. 14.0 ushers
in a paradigm shift in project management
characterised by data-driven insights, predictive
capabilities, and improved collaboration. The
collaboration and decision-making along the value
chain are also included in this study, and decision-
making aspects will likely be a key component of 14.0
research in the future as well. Collaboration and
decision-making abilities have become crucial
qualities in this dynamic environment for successfully
navigating the complexities of the modern value
chain. The integration of 14.0 into supply chains
offers enormous promise, but organisations must be
diligent in handling the related risks, making all these
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tasks difficult to accomplish and manage. Firms can
confidently manage the complexity of 14.0 and SC
dynamics by taking a proactive approach to risk
identification, assessment, and mitigation. By filling
in the gaps in the existing field, this project can help
improve sustainability, efficient procedure, and
optimisation.

2 Literature Review

The rapid development of technologies associated
with 14.0, which are characterised by the integration
of automation, data interchange, and Al, has
completely transformed the way enterprises function.
At the same time, sustainability has become a serious
concern for firms all over the world, motivated by the
necessity to reduce their negative influence on the
environment and fulfil their social duties. Considering
this, it is more important than ever to investigate how
14.0 might be able to improve the environmental
friendliness of global dynamic SC’s. Utilising the
latest technological breakthroughs enables businesses
to improve operational efficiencies, cut down on
waste, and foster more responsible business practises
throughout the SC. This investigation digs into the
primary areas in which 14.0 and sustainability cross,
focusing on the optimisation of processes, the control
of risks, and the provision of suggestions for
developing SC that are both robust and
environmentally friendly. Firms can pave the road for
a more sustainable and profitable future in the global
dynamic SC landscape by utilising the power of the
technologies that are part of 14.0 while also taking
into consideration the elements that relate to
sustainability.

2.1 Overview of Industry 4.0

The fourth wave of the industrial revolution, known
as 14.0, is characterised by the integration of modern
digital technologies into numerous industries.
Automation, data exchange, and smart technology are
driving a substantial transformation in manufacturing
and production processes. From the sourcing of raw
materials through the delivery of goods to customers,
14.0 in SC and logistics improves visibility, efficiency,
and responsiveness throughout the whole value chain.
Digitalisation in Supply Chain (DSC) utilises
hardware, software and communication networks for
coordination supply chain stakeholder engagement
and improving corporate collaborations [8]. Using
cutting-edge technologies, it transforms conventional
SC processes by  fostering innovation,
competitiveness, and sustainability. In terms of SC’s
and sustainability, 14.0 consists of several different
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components such as initiatives in energy efficiency,
green manufacturing, sustainable logistics, SC
transparency and traceability, waste reduction and
recycling, and collaboration [10]. The key 14.0
technological pillars are as shown in figure 3, and the
key 14.0 technologies are further shown in figure 4.
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Fig. 3: 14.0 Technological Pillars [9]

1. Energy Efficiency - 14.0 technologies aid in the
optimisation of energy consumption throughout the
SC. Energy usage in warehouses, factories, and
transportation vehicles can be monitored using l1oT
sensors and smart metres, indicating areas for
improvement and enabling energy-saving measures.

2. Green Manufacturing - Advanced analytics
and Al-powered process optimisation help to reduce
resource usage, waste generation, and emissions.
Smart manufacturing systems can alter output levels
in real time, eliminating overproduction and reducing
environmental impact. Furthermore, by enabling
improved tracking and utilisation of materials and
components, digital technologies facilitate the
application of circular economy (CE) principles such
as remanufacturing and recycling.

3. Sustainable Logistics - Route optimisation,
load consolidation, and effective inventory
management are all possible with advanced data
analytics and optimisation algorithms, lowering fuel
usage and carbon emissions. Greener transportation is
achieved using autonomous and electric cars, as well
as drones, which reduce air pollution and the carbon
footprint of logistics activities.

4. Supply Chain Transparency and Traceability
- 10T sensors, blockchain, and data analytics, for
example, all contribute to increased SC transparency
and traceability. This allows for more accurate
tracking of environmental and social repercussions
across the SC. Companies can track and trace raw
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materials, components, and finished goods to ensure
compliance with sustainability standards, detect
potential risks, and promote responsible sourcing
practises.

5. Waste Reduction and Recycling - Advanced
analytics and Al may pinpoint waste generation and
inefficiencies, helping companies to reduce waste. 0T
sensors and RFID tags can also help sort, track, and
recycle waste.

6. Collaboration - Digital platforms improve
stakeholder communication, coordination, and
information sharing. This promotes integrated
sustainability programmes, supplier participation, and
circular supply chain models.

Industry 4.0 technologies

Front-End technologies

Inlelll gem work
Intelligent supply chains Intelligent product

f‘tf

IoT, Cloud, Big Data, Analytics

Fig. 4: Technologies in 14.0 [11]

Basic tech

Industrial Internet of Things (110T)

The 1loT connects and communicates devices,
sensors, machines, and systems in the industrial
environment. The 1loT illustration is as shown in
figure 5.

Industrial Internet of Things

Processing

Analytics Connectivity

Fig. 5: Industrial Internet of Things (110T) [12]

It gathers real-time data from numerous sources,
including as equipment, manufacturing lines, and
SCM components. It allows for real-time inventory
management, more accurate demand forecasts, and
more effective logistics operations The efficiency of
operational activities, the reduction of waste in terms
of time and resources, and the rapid decision-making
based on stored data are all advancements that may be
made with 10T [13].
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Machine Learning (ML)

14.0 is made up of several efficient technologies,
including ML. The ML algorithms analyse massive
amounts of data generated from IloT devices and
other sources to reveal patterns, correlations, and
insights that humans may overlook.

Clustering
.—L Dimensional
Unsupervised Leaming

Machine
Leaming

learning

| Supervised Leaming

Fig. 6: Machine Learning Type [14]

ML models may adapt and improve over time by
continuously learning from fresh data, hence helping
continuous improvement activities in the industrial
sector. Al approaches are the best fit for dealing with
this massive data burden. ML techniques are popular
subdisciplines of Al that find and extract patterns
among variables using massive datasets, shown in
figure 6.

Blockchain Technology

Blockchain technology creates a decentralised,
secure, and transparent ledger for recording and
verifying transactions and data exchanges between
multiple parties, as well as for recording and verifying
transactions and data exchanges between multiple
parties.

Industry 4.0 connects Production to the Ecosystem

Envin

[

Physical and Digital Production

Fig. 7: 14.0 Application Areas

Blockchain provides secure and reliable data
sharing and collaboration across SC partners such as
manufacturers, suppliers, distributors, and customers
in the industrial setting. It allows for the safe and
secure storage of product information, certifications,
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warranties, and maintenance histories through the
device's lifecycle. Figure 7 shows 14.0 application
areas with connecting production to the ecosystem.

2.2 Supply Chain Optimisation

The process of maximising efficiency, lowering costs,
and increasing overall performance in the SC by
streamlining operations, removing waste, and making
educated decisions is referred to as SC optimisation.
Currently, optimisation is highly crucial in every
organisation, especially in the SC, because designing
new routes, locations, manufacturing, and just-in-time
deliveries are essential and that is why customers pay
that type of money. Mathematical programming,
simulation, or a combination of these methods are the
most popular ways [16]; and primarily employed for
decision-making that involves new configurations and
combines dynamics and operational structure, such as
the construction of a SC network. Making judgements
on multiple linked elements like as demand
forecasting, inventory management, production
planning, transportation routing, and resource
allocation are all part of supply chain optimisation.
Mathematical models offer a formal framework for
representing and solving these difficult choice
problems. Mathematical models integrate SC issues
from the real world into equations, enabling
guantitative analysis. This permits thorough study and
evaluation of various scenarios, helping decision-
makers to pinpoint the best answers considering
certain goals, restrictions, and trade-offs.

Ignoring the pandemic's spread period and the
ripple effects in supply networks;

Ignoring concurrent disruptions in demand and
supply, as well as production and logistics capacity;

Concentrating solely on vital product supply
networks and the aftermath period to adapt traditional
production-inventory models for recovery planning;

A lack of quantitative analysis of the
consequences of temporarily shutting down supply
chains for non-essential products and reallocating
non-essential labour [17]. All of these are key issues
to consider before using optimisation in the pandemic
situation in 2019/20.

Data inputs for optimisation models must be
accurate and dependable, including demand
projections, lead times, transportation costs, and
capacity restrictions. Obtaining high-quality data, on
the other hand, might be difficult since information
may be distributed across numerous systems, prone to
errors, or out of date. Incomplete or incorrect data can
result in inferior solutions or even incorrect
conclusions. RFID has the potential to provide
massive amounts of real-time, streaming data that
might prove extremely useful in optimising supply
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chains [18]. Firms can improve order fulfilment,

reduce delivery lead times, and increase
responsiveness to client demands by optimising SC
procedures.

This results in increased consumer happiness,
increased loyalty, and a competitive advantage in the
market. SC optimisation can help to achieve
sustainability goals by lowering carbon emissions,
reducing waste output, and improving resource
utilisation. Optimisation of transportation routes, for
example, reduces fuel usage and greenhouse gas
emissions, whereas optimisation of inventory levels
reduces excess output and waste. Studies shows
optimisation fosters sustainable practises by taking
social, environmental, and ethical aspects into account
throughout the SC. Firms can contribute to the
preservation of natural resources, promote responsible
sourcing, and ensure compliance with legislation and
standards by incorporating sustainability into
decision-making [19].

2.3 Sustainability Effects in SCM

Global SC’s contribute significantly to greenhouse
gas emissions, resource depletion, and pollution.
Workers' well-being and rights, as well as the rights
of local communities and other stakeholders, are
prioritised in sustainable SC. Risk management in the
SC is inextricably related to sustainability
considerations. Climate change, legislative changes,
and societal disturbances can all have an impact on the

availability and pricing of resources, causing
operations to be disrupted.
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Fig. 8: SC Impact on Sustainability Framework [23]

S-SCM broadens the scope of traditional thinking
by creating and optimising SC while keeping the
economy, the environment, and society in mind [20].
SSCM practises include a company's internal and
external practises that are implemented to make its SC
more sustainable across all three dimensions of
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sustainability [21]. Firms with a clear sustainability
plan can provide a stronger competitive advantage and
have greater long-term viability than organisations
operating on a "business-as-usual™ basis and solely
prioritising profit [22]. An example framework of SC
impact on sustainability is shown in figure 8.

Triple Bottom Line (TBL) - TBL is a concept in
sustainability that goes beyond financial indicators to
broaden the traditional understanding of company
performance. It emphasises the importance of
considering three dimensions namely, economic,
social, and environmental while assessing firm’s
influence and success. The TBL's economic
dimension is concerned with financial performance
and profitability. It entails evaluating a company's
potential to create economic value, attain financial
stability, and assure long-term viability.

Social Performance -  The TBL's social
component includes the influence of firm’s operations
on individuals and communities. It entails considering
social  well-being, equity, and stakeholder
relationships. This covers employee well-being,
labour practises, community participation, diversity
and inclusion, and ethical behaviour.

Environmental Performance - The TBL's
environmental ~ dimension  focuses on  the
environmental impact of a firm's operations. It entails
thinking about natural resource conservation,
reducing pollution and waste, and encouraging
environmental sustainability. Carbon emissions,
energy and water usage, waste management,
biodiversity conservation, and the utilisation of
renewable resources are all considerations to consider.

SC dynamic capability makes organisations more
flexible, allowing them to more easily and quickly
adjust to market trends and successfully deal with
market volatility, allowing the firm to attain long-term
competitive advantage in its industry [24]. Also [25]
recognised that SSCM practises depend on dynamic
capabilities and that, to maximise competitive
performance, there must be alignment between the
two.

2.4 Supply Chain Effectiveness

The most effective SC is one that has the lowest cost
while also meeting the customer’s requirements for the
operation, such as accuracy in delivery and lead time,
especially when dealing with goods with a limited
shelf life [26]. To be more effective at SCM, the
organisation needs to be skilled at monitoring
efficiency and cost to ensure that they are working
with the proper goods. To evaluate how effective the
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SC is, they will require a reliable tool or technique.
From this specific perspective point, it is crucial to
take a step back and consider what supply chain
efficiency is and what research has been done on it
thus far. This study aims to describe the components
of SC efficiency [27].
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Fig. 9: Transport Management System (TMS) in SC
[28]
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The goal of effective supply chains is to keep the
right amount of inventory. Insufficient inventory
results in stockouts and lost sales, while excessive
inventory uses up cash and raises holding expenses.
Organisations can reduce inventory holding costs
while guaranteeing that products are accessible when
needed and wanted by implementing lean inventory
management practises, such as just-in-time (JIT)
inventory. Order entry, order validation, allocation,
and fulfilment are few of the different tasks involved
in processing orders. Order processing can be
streamlined, errors can be reduced, and order
fulfilment can be hastened by automating these
procedures, using EDI or order management systems,
and putting in place standardised workflows. For a
supply chain to operate efficiently, logistics and
transportation must be optimised. This involves
effective warehouse operations, carrier selection, load
optimisation, and route planning. By utilising
technology, such as TMS, GPS tracking, and route
optimisation software, logistics costs may be kept to a
minimum, delivery times can be slashed, and overall
efficiency can be increased. TMS application in
supply chain is illustrated in figure 9.

2.5 Risk Management (RM)

An essential component of guaranteeing efficient
operations and preserving sustainability in the SC is
RM as shown in figure 10. Organisations may
minimise disruptions, safeguard their brand, and

E-ISSN: 2945-1159

93

Jay Pandya, Satya R Shah, Elmira Naghi Ganji

uphold sustainable practises by detecting, evaluating,
and reducing risks. SC’s may be disrupted by
environmental hazards such as natural catastrophes,
the effects of climate change, or resource scarcity,
which may have long-term sustainability effects.
Organisations can carry out environmental impact
analyses, create backup plans, diversify their sources
of supply, and work with suppliers on environmental
measures to reduce these risks. Environmental risks
can be reduced by applying sustainable practises, such
as cutting emissions and putting circular economy
concepts into practise. SC’s are more vulnerable to
technology-related hazards because of an increased
reliance on technology and digital systems, including
cybersecurity threats, data breaches, and system
breakdowns. These risks can be reduced by putting in
place strong cybersecurity safeguards, frequent
system audits, and disaster recovery plans [4].

For SC operations to be viable, data privacy must
be maintained, intellectual property must be
protected, and the technology infrastructure must be
safe. To detect potential connections and causality
between risks, risk analysis may also include
correlation analyses, controlled experiments, or
simulations. Figure 10 illustrates steps for SC risk
management [29].

SUPPLY CHAIN RISK MANAGEMENT

STEP1:
Establishing the proper
governance for the process

STEP 2:
Identifying who your
critical suppliers are

Fig. 10: SC Risk Management Model [29]

STEP 3:
Assessing risk at your
critical suppliers

STEP 4:
Mitigating risk from
your critical suppliers

These methods can be helpful for any risk
treatment approach because they allow for the
formulation of plans to address two or even more
hazards [30]. The demand for sustainable business
practises in markets and communities has increased or
changed the risks that firms face. Any of these
solutions should be anchored to what is a reasonable
range of options that align with the sustainability
principles of a company, as well as the cost of their
implementation. They should also be linked to the
drivers of sustainability-related risks. To summarise,
merging 14.0 with sustainability ideas can help
businesses in the industrial sector improve operations,
reduce waste, and have a smaller environmental effect
while remaining competitive in today's constantly
evolving business environment. The employee could
learn a lot of new skills, including predictive
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algorithms, data analytics, and the 10T. This enables
more precise demand planning and estimation,
effective inventory management, and quicker order
processing. Transparency and traceability are made
possible by 14.0 technologies, which enhance
sustainability in dynamic international supply chains.
Transparency allows consumers to make informed
decisions by providing information on the
environmental impact and sustainability of products.

3 Methodology

The methodology section describes the research
design, research approach, strategy, design, data
analysis methodologies, and data collecting method.
We systematically collected , analysed, and evaluated
data to answer the research questions provided in this
study using the technique that have chosen as our
framework. By using a qualitative methodology, we
want to gain a thorough understanding of how 14.0
technologies affect SC operations while also
considering the implications for environmentally
friendly practises. The research onion is a multi-
layered conceptual framework that aids in the
organisation and planning of research projects [31]. It
has several levels, each of which represents a different
step in the research process.

3.1 Research Design and Philosophy

To ensure the validity and reliability of the current
study, this research was designed in compliance with
several journals. Because the focus of our study is on
how 14.0 can enhance sustainability for the global
supply chain, we looked at a wide range of papers and
publications that support 14.0. The first steps are the
research plan, data collection, analysis, and limitation.
The literature review covered topics like 14.0,
sustainability, optimisation, efficient operations, and
risk management. This study's design is qualitative
and exploratory in nature. The study employs an
interpretative methodology to understand the
relationships between supply chain optimisation, new
technical advancements, and straightforward business
practises. Using qualitative data and thematic
analysis, the study aims to delve deeply into the
perspectives and experiences related to the
intersection of these areas.

For this study, pragmatism was chosen as the
research philosophy. The study topic's many facets,
including 14.0 technology, SC optimisation, process
efficiency, and sustainability objectives, lend
themselves well to pragmatism. The goal of creating
practical insights for companies looking to manage
the opportunities and challenges posed by 14.0

E-ISSN: 2945-1159

94

Jay Pandya, Satya R Shah, Elmira Naghi Ganji

adoption is well aligned with pragmatic thinking,
which places an emphasis on practicality and the
application of research findings to real-world
situations. Interpreting results in the context of
practical application is a key component of analysis.
This entails considering how conclusions from the
study might be used to improve supply chain
processes and support sustainability initiatives.

3.2 Research Approach and Strategy

There are guidelines that must be followed when
writing in some studies, and when using qualitative,
quantitative, or mixed methods, the most crucial
elements of data collection and analysis should be
included. The research methodology can be divided
into two categories: inductive methodology and
deductive methodology. Due to some advantages,
inductive methodology is used in this study. However,
in some cases, a deductive method was adopted. The
inductive method was used in this study because it
was based on qualitative knowledge about 14.0. This
method is excellent for gathering and analysing data.
Other sources that investigated the same studies were
added to this information. It would be very nice and
instructive to have intellectual, useful facts about
supply chain and sustainability while creating this
study. But occasionally, as | write in the analysis
section, Researcher also received studies from other
universities that used a logical approach and
guantitative techniques. In the era of 14.0, the
gualitative method helps us to unearth hidden patterns,
motivations, obstacles, and possibilities that
contribute to the landscape of sustainable practises. A
thorough examination of the human elements inside
these technological and managerial paradigms is
made possible by the qualitative approach's ability to
capture rich narratives and points of view.

The study intends to delve into the multiple
relationships that exist within these areas, employing
qualitative data analysis and thematic exploration to
unearth insights that contribute to sustainable business
practises and improved supply chain operations. The
research strategies outline the techniques used by a
business or organisation to carry out research and
development to accomplish its goal. With the help of
partnerships with respected educational institutions,
the shipping company strives to achieve its goals of
sustainability and cost reduction. Some qualitative,
quantitative, and mixed methodologies are used to
discover new paths. Every approach often begins with
a hypothesis based on a qualitative analysis of the data
or a value judgement. In the end, a study design that
is appropriate for the goals and objectives will be
more beneficial and significant than traditional
debates about the "best" research methodology. The
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study focuses on analysing how 14.0 technologies are
incorporated into SCM and how this affects
sustainability initiatives.

3.3 Data Collection

This component of the methodology outlines the
systematic procedures used to gather data from all
relevant sources to address the core research
questions. To capture diverse perspectives, this study
employs a multi-methodological approach that
integrates secondary qualitative data with a
comprehensive literature review. Secondary data
including peer-reviewed journal articles, books,
conference proceedings, and industry reports were
retrieved from established academic databases such as
Scopus and Google Scholar. This cross-disciplinary
search strategy ensured wide thematic coverage across
the fields of supply chain management, 14.0, and
sustainability.

The research framework is structured around an
inductive approach and thematic text analysis to
synthesise current literature and generate new
insights. The study utilises secondary data analysis to
systematically categorise existing research, ensuring a
rigorous foundation for drawing valid academic
conclusions. Through the observation and critical
synthesis of compiled texts, thematic analysis was
applied to identify recurring patterns, operational
bottlenecks, and emerging trends. This qualitative
methodology provides a thorough, extensive
summary of the intersection between 14.0
technologies and sustainable SC development.

Although there are journal papers available, it
might be difficult for researchers to find the
appropriate amount of information from the relevant
database because they want to ensure that the supply
chain and sustainability information are accurate [32].
If we look at the quantitative data, we can also observe
that the network analysis benefited from the
quantitative data that had been acquired. While
traditional qualitative approaches use certain
determinedly biased aspects, that method offers an
unbiased means to condense and conceptualise the
literature into clusters. Network analysis is used to
categorise the clusters and illustrate data variation in
the subject area through publishing keywords [33].

The goal of the inquiry was to examine the firm's
technologies for smart and simple functioning, the
business offering, consumer and supplier qualities,
operations, and SCM with an emphasis on decision-
making and problems. Title, abstracts, authors,
affiliations, citation records, keywords, publishing
years, and countries are just a few examples of the
different identifiers included in the data collection.
Data from Scopus and Google Scholar are thus ideal
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for assessing the level of expertise in supply chains,
industrial engineering, and sustainability. Before
collecting the data, there are other sample approaches
like abstracts that were observed because it is very
difficult to locate an informative subject while
collecting data throughout time. This sample
abstractions collection for digital twins has been
utilised to solve physical simulation problems for
SC’s and smart manufacturing systems to improve
inventories [34].

There are no interviews or primary sources used in
this study because it is entirely based on secondary
data. Instead, it is based on published papers and
journals. When it comes to the information gathering
procedure, the company's website and the HBS
Harvard business review genuinely provide
information on the support and advanced
overreaching strategy towards cost reduction and
quickening movement towards end-to-end supply
chain integration [35]. That is how one can acquired
the information from the renowned and esteemed
websites and periodicals. This process produced goals
for several activity areas with various outcomes while
not sacrificing the sample technique used. The search
operation was carried out from May to June 2023. The
complete data set was verified with additional sources,
including journal articles, websites, and various
publications.

3.4 Data Analysis

The methodology part must include the data analysis
procedure. There are two different sorts of data
analysis: qualitative and quantitative [36]. The
researcher uses experience, observation, focus groups,
and interviews in the qualitative method analysis to
pinpoint the key elements and relevant patterns. The
"thematic analysis technique™ has been selected in this
research study for the best analysis. Finding patterns
or themes in qualitative data is the process of thematic
analysis [37]. This indicates that it is not bound to a
specific epistemological or theoretical position, unlike
many gqualitative methods. Because of the variety of
tasks in learning and teaching, this makes it a very
flexible strategy. Thanks to the analysis, a qualitative
approach is now able to manage the rapidly expanding
volume of information in each subject and provides
more significant data with a stronger emphasis on
research. ldentify the new generation of the world,
which is working on technology and advancing things
with a focus on environmental advantages, for each
component of this in the literature study. Big data
analysis is crucial for the supply chain and the
excellence sector in 14.0 because of its effectiveness,
decision-making, and overall performance, which
should be very beneficial to both the public and
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commercial sectors. Cooperation between the various
supply chain functions is required regardless of the
industry sectors. These roles can, however, be unique
depending on the sorts of businesses and final goods
or services provided to the clients. To balance supply
and demand, the supply chain's many processes must
be integrated and coordinated. The 10T has the
potential to assist transport companies in making
difficult decisions. It aids in the recognition of
scenarios and their integration with existing system
processes to prepare models for analysis. These
models are also used in the decision-making process
in industry.

Studies suggest that SCM should focus on
sustainability to be competitive over the long term
with future products, procedures, and industrial
systems built with the 3S's smart, sustainability, and
safety in mind. Researchers analysed the journals
[32], [2] to demonstrate that the network design and
operation for smart manufacturing or the supply chain
are similar, but that there are times when people prefer
to solve problems using cyber-physical systems and
other times when they prefer to use more complex
operational methods. Although cyber-physical
systems are also used for the organisation's ongoing
improvement.

The practises, procedures, information, and
technology that are employed to boost organisational
effectiveness frequently make up these components.
The ability to continually improve services and
product quality via the use of big data analysis and the
loT can revolutionise the way that smart
manufacturing is done and is mostly seen in the
automotive, logistics, and machinery industries. It can
also be observed in the literature study, and that is cost
reduction without disruption in the supply chain,
which is most important, after all, cost reduction
without quality compromise is the essential thing for
14.0. System design in the study of digital twin
technology traditionally includes the modelling,
analysing, and optimising of system layout,
production, supply capacity, supply flexibility, and
operating strategies [34]. According to research, most
African countries are attempting to embrace 14.0 and
streamline supply chains, but motivation for
optimisation is low due to limited access to the
internet and energy. According to the source, there are
six countries that are at the forefront of 14.0: Canada,
Japan, Australia, Germany, Austria, and Switzerland.
It all comes down to factors like knowledge and skill.
Some of those nations are also excellent in terms of
training and education.

We can predict how the 14.0 will develop in the
future by looking at every study report on SCM and
14.0. Through decentralisation, vertical and horizontal
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integration, and remote process monitoring, the same
technology can contribute in multiple ways to the
performance in manufacturing and the supply chain.
The research journal addresses organisational design
based on performance and simplification towards
inventory level, as well as the method of technology
management. Different configurations of  14.0
technologies have the potential to bring about several
advantages for engineering and sustainability, as well
as management of the operation, including just-in-
time deliveries, cost savings, higher process
flexibility, and improved customer service.

Data analysis has influenced various organisation
to digitalisation their workplace for boost more
productivity. Basically, the adoption of 14.0 has a
significant impact on the production of industrial
value. There are still few studies on its business
prospects and difficulties [38]. According to a general
perspective, the government's adoption of 14.0 or the
creation of new regulations should aid the SC and
increase sustainability. Firms constantly strive to
improve their working procedures and product quality
through long-term growth, decision-making, and
some goals. The end outcome of the policy is more
affordable delivery on time and competitiveness in the
logistics business. The new generation electrification
for rail and electric propulsion vehicles is more
environmentally friendly and less expensive for every
person of the country. Overall, the new era of
technology in the business benefits the organisation
and helps the nation's economy. The review discusses
sustainability and effective analysis for better
environmental and water management. Green
manufacturing, often known as smart manufacturing,
provides  better  output  while  minimising
environmental impact. 14.0 is also being implemented
in oil-producing countries (Middle East) to improve
production and sustainability. The talent 4.0 is a
worker training programme that is required to train
their employees for a higher-quality product in the
emirates. This type of digital transformation assists
manufacturers in determining their existing level of
digital and sustainability readiness. This framework
aids an organisation's planning of novel technological
solutions for product quality in accordance with client
requests. This aids in determining the significance of
the environment within an organisation and then
assists in ensuring that it is carried out correctly.

4 Findings and Discussion

When a supply chain is susceptible to supplier and
environmental interruptions, we aim to assess the
efficiency of flexibility and redundancy in terms of
decreasing predicted supply chain costs and
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maximising expected service delivery. One of the
most important chapters in the study is this one. The
qualitative information used in this study underwent
extensive examination and analysis. This is done to
make sure that all information and practises are
supported by the data that has been collected and
clearly displayed. This study's main objective was to
identify the To adapt to market shifts, consumer
demands, and 14.0 integration of digital twins and
simulation methodologies, create a flexible supply
chain. This will help with supply chain network
optimisation and decision-making. By supporting
green practises and reducing carbon footprints,
unplanned disruptions and 14.0-SC networks can
increase environmental sustainability.

4.1 Supply Chain Operational Efficiency and
Resource Utilisation
This study examines the adverse impacts and potential
obstacles to human development throughout history
and in the present. Specifically, it focuses on the
economic, environmental, and social significance of
incorporating sustainability principles into supply
chain operations. Significant improvements in
operational efficiency and optimised resource
utilisation have resulted from the incorporation of
14.0 technology into supply chain operations. The
study's analysis showed that the phenomenon has far-
reaching effects on many parts of the SCM process.
The researchers employed a flexible policy that
permitted utilisation of the network's potential
capacities in accordance with structural dynamics and
rational utilisation of the structural functional network
redundancy, which in turn allowed them to improve
the effectiveness and efficiency of network operations
as well as strike a balance between resilience and
sustainability [39]. The utilisation of digital twins and
simulation methodologies in SC optimisation
facilitates the development of precise models for the
purpose of evaluating diverse scenarios. This aids in
the identification of optimal solutions that maximise
efficiency while minimising risks.
The following are some ways that Industry 4.0 technology can enhance supply chain
optimisation.

Reduced operating expenses Reduce lost sales opportunities

Boost the accuracy and
efficiency of the process

Reduce the demand for inventory

Utilise real-time tracking by
utilising Internet of Things (loT)
connectivity.

fewer equipment breakdowns

Collaboration and data sharing
can enhance supply chain
planning.

Fig. 11: 14.0 and SC Optimisation Methods. [40]

To enhance supply chain planning,
use RFID and warehousing.
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The figure 11 discusses several techniques to
optimise the supply chain while cutting costs. 14.0 can
support business expansion while also assisting with
sustainability, labour and cost reductions. According
to [41], an interconnected, digital supply chain can
increase business speed, agility, granularity, accuracy,
and efficiency while reducing operational costs by
more than 30%, reducing missed sales opportunities
by more than 60%, and even reducing the amount of
inventory needed by more than 70%. The use of such
predictive analytics techniques has almost halved
predicted error rates [42]. More precise demand
forecasting assists businesses in better managing their
inventory, which lowers costs, which is the most
crucial factor.

4.2 Building Adaptable Supply Chain
Response

Improving adaptability to market changes and
disruptions - Supply chains can now react quickly to
unanticipated disturbances and changing market
conditions thanks to the incorporation of 14.0
technology into  supply chain  operations.
Organisations have shown impressive adaptability by
utilising cutting-edge technologies and data-driven
initiatives. The industry's main objective is to
introduce new adjustments and deal with the issue.
However, large consumer companies regularly
struggle to adapt their end-to-end SC to changing
consumer preferences and behaviours, increasing
competition, and other problems while maintaining
strict cost control and maximising growth potential.
The presence of new market participants presents a
formidable challenge to established industry
incumbents due to their adoption of inventive business
strategies, competitive pricing strategies, and
compelling brand identities. The proliferation of
omnichannel and direct-to-consumer models is
leading to an increased need for operational teams to
meet the evolving demands of these business models.

Long-term Business Objectives - A longer-term
goal, such as growth into new categories or extension
of market share, should be identified before
concentrating on the next round of cost optimisation
or the next acquisition. These goals will define the
parameters for the required operating model and
capabilities in the future [43]. Long-term business
objectives also encompass several digital factors. As
a collective of organisations, it is imperative to have a
strategy for integrating diverse technology stacks in a
cohesive manner. Furthermore, it is imperative for all
organisations to allocate resources towards the
adoption of 14.0 technologies to enhance or optimise
their performance. These technologies encompass
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several advancements, including autonomous
planning and robotic process automation. There are
certain best practises that can be disseminated
throughout many business sectors, including those
that pertain to ensuring regulatory compliance among
emerging and smaller supply chain business units.
Cooperative network development is crucial for
developing a supply chain that can respond swiftly to
customer requests, market dynamics, and unforeseen
interruptions. To be successful, collaboration partners
must manage differences in organisational design and
culture. With a history of harsh encounters may make
partners hesitant to share critical information, causing
them to focus on their individual "collaborations” in
silos, which is a recipe for less-than-ideal results [44].

4.3 Integration of Digital Twins and
Simulation Methods in 14.0

In the beginning, the researcher established the
system's goals and definitions while taking the overall
goal of the study into consideration. The potential of
14.0 in this context is enhanced by the incorporation
of digital twins and simulation approaches, leading to
a wide range of breakthroughs. The integration of
digital twins facilitates the generation of virtual
replicas of real components inside the supply chain,
enabling the modelling of many scenarios.
Furthermore, the optimisation of network setup within
the supply chain facilitates the development of novel
approaches. An example of digital twin in global
supply chains is as shown in figure 12. Through the
utilisation of simulations, organisations can analyse
various configurations of suppliers, distribution
centres, and manufacturing facilities. This enables
them to determine the optimal network topology that
effectively minimises costs and decreases lead times.
To boost efficiency and competitiveness in the current
global economic climate, industries need to be
restructured to allow for higher levels of digitisation
and computerisation [46].

ESOAR

sssssss

Fig. 12: Digital Twin in Global Supply Chains [45]
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For network optimisation and decision-making, a
single simulation model that uses digital twin
technology is even more crucial. After all, the goal of
simulation approaches is to give the logistics crew the
shortest possible route. The supply system is much
more crucial for the model's output to comprehend
decision-making and simulation in the digital twin.
Figure 13 illustrates how decisions are made using a
digital twin and a simulation model on ways the
supplies are delivered and how the data is processed.
SC decision-makers have access to an effective tool in
the form of simulation-based digital twins.

&
o

Real Process

fﬂfj

Decision Making

Simulation

Data Model

Fig. 13: Proposal for Applying Simulation as a
Decision-Support Tool [46]

Organisations can increase efficiency, lower risks,
and respond skilfully to market changes by offering a
virtual sandbox for testing scenarios and optimising
strategies. Implementation calls for collaboration
between supply chain experts and simulation
specialists, ensuring accurate modelling and insightful
data. The integrated strategy makes it easier to test
various scenarios without having an impact on the
actual supply chain. Before implementing new
logistics, production, or distribution tactics, decision-
makers might test them out to see how they affect the
situation.

The use of 14.0 solutions is associated with
significant investments and process adjustments;
nonetheless, it is observed that difficulties can be
eased by utilising flexible tools like simulation. The
value of 14.0 has expanded recently, and not just
large, established companies nowadays like to invest
in it, which is fantastic for the modern world. All
things considered, the digital market is expanding and
is very beneficial to the new manufacturing line,
facilitating supply and decision-making. The market
for digital twins is anticipated to grow by about 40%
by 2025, and by 2026, it's estimated that more than
90% of 10T platforms would make use of some part of
the technology [47]. To increase resilience and agility
in the face of the uncertain global economic picture
and the rapidly changing nature of the workplace,
90% of global procurement leaders say they would
modify operating models.
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4.4 14.0-Enabled Supply Chain Networks

The integration of SC networks and 14.0 technology
holds great promise for promoting environmental
sustainability. These tools are being used by
organisations to improve operations as well as to
promote environmentally friendly practises and
reduce their carbon impact [48]. The study emphasises
the role that 14.0-enabled supply chain networks play
in promoting resource and energy efficiency. Firms
can find operations that consume a lot of energy and
waste resources by using real-time data monitoring
and advanced analytics.

Solutions for

Sustainable Technology
and Renewable Energy
Sustainable
Urbanization and Smart 1 c,f".,f:,',':;:,’,”zg'm.
‘ Cities \ / Circular Economy

Possibilities for
Sustainability in

LaglslativaMcasumro the Digital

Promote the Economy ~~, Collaborative Value
Sustainability of the Creation and Consumer
Digital Economy / \ Leadership
Sustainability through Business Models with
Big Data and Analytics Social Responsibility

Fig. 14: Sustainability Possibilities [49]

This awareness encourages the implementation of
methods that reduce consumption, which helps to
lower energy costs and slow down the depletion of
resources. For the first time since WWII, greenhouse
gas emissions decreased by roughly 6-8% [50].

Technologies from 14.0 make it possible to keep
an eye on emissions throughout the supply chain.
Organisations may recognise high-emission locations
and take action to reduce them by analysing data on
transportation, production, and distribution. This
proactive strategy assists in meeting sustainability
objectives and emission reduction targets. The
implementation of intelligent task scheduling yields
enhanced levels of process transparency, flexibility,
quality, and customisation. Figure 14 provides an
overview of sustainability possibilities within digital
economy [49].

Moreover, intelligent energy systems contribute to
the mitigation of energy use. Intelligent
manufacturing environments have been found to
contribute to enhanced product lifecycle management,
hence facilitating waste reduction, increased recycling
and resource utilisation, as well as diminished
emissions of greenhouse gases [51]. According to the
study, 14.0's integration promotes a transition to a
circular economy. The identification of opportunities
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for waste reduction, reuse, and recycling is made
easier by improved visibility and data analytics.

Manufacturing is necessary for the adoption of
socially responsible and environmentally sustainable
practises since it has a positive, broadly sweeping
effect on world health. A sustainable way of thinking
creates a positive feedback loop that will attract more
people and organisations. The supply chain and
manufacturer industries can produce better, more
effective products and take various, sustainable
pathways thanks to 14.0 technologies. To put it
another way, this can increase production and speed
while improving the cost and dependability of the
capital. Due to the substantial data generated by smart
factories, the involvement of professionals such as
data analysts, machine learning specialists, and Big
Data experts is imperative. These individuals are
responsible for effectively handling the data, deriving
valuable insights, enhancing operational efficiency,
optimising machinery, and ensuring the continuous
operation of the factory.

4.5 Practical Implementation

To create an economic and social system that can react
quickly to sudden changes in the system, 14.0 plans
should be clarified and elaborated. Companies need to
be persuaded to priorities investments in digitisation
and expanding technological expertise. Applying new
models of technology to the working environment
should be the top priority, and swift action should be
taken to implement better frame designs and
continuously enhance the system. The first digital
transformation is essential for a single organisation to
implement 14.0. This includes equipping the supply
chain with 10T sensors strategically positioned
throughout the network.

These sensors will allow for the collection of key
data points in real time, such as inventory levels,
equipment health, and transportation condition.
Simulation is also an important component of 14.0
and digital twins, which aid in the development of a
solid  connectivity infrastructure to  ensure
uninterrupted communication. This network will be
the foundation for transmitting data that will allow for
informed decision-making. This is all about the
technologies, which are difficult to adopt, but once
done, they should be very beneficial to working and
the production quality should be excellent.

Nowadays, sustainability is becoming increasingly
necessary and important. Start by carefully analysing
the supply chain's environmental impact. ldentify
areas that can be improved, such as cutting back on
energy use, lowering trash production, and enhancing
transportation routes. Analyse the carbon footprint
and resource usage at various supply chain levels. By
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incorporating solar or wind power into your facilities,
you may help make your business more
environmentally friendly. The 14.0 initiatives, as well
as the traditional culture of continual improvement.
Feedback is significantly more necessary everywhere
for a good implementation solution. Using feedback
to improve processes and technology in response to
changing market conditions and supply chain
dynamics. In the strategy, emphasise agility and
adaptability, as 14.0 is not a one-time implementation
but a continual journey of development and
innovation.

4.6 Discussion

The combination of SCM and 14.0 technology in
recent years has fundamentally altered how
organisations conduct their operations. We are aware
of how crucial 14.0 is to the operations of every
organisation, together with sustainability. In this
study, we discovered that the process cannot even
continue without the internet and the data. 14.0 has
made working processes easier and less time-
consuming, which is the most crucial aspect. Supply
chain efficiency has significantly increased thanks to
14.0 technologies like the 10T, Al, and BDA.
Businesses receive real-time access into their
operations using loT-enabled sensors and devices,
enabling optimised routing, preventive maintenance,
and simplified inventory management. In this study,
we are aware that if there are any issues, the
technology context assessment would intensify.
According to the literature review, the uses and focus
of writing in the framework of 14.0 increased after the
pandemic, so we can assume that consumers had
many problems during and after the pandemic.

There is also a wealth of data available on the
internet about 14.0 and supply chain. However, there
is a limited amount of data available in journal papers
regarding the necessary skills for 14.0, as well as its
implementation in the manufacturing and logistics
sectors. The significance of talents in fostering
personal growth and shaping prospects cannot be
overstated. According to the executive's perspective,
it is advisable for all employees to participate in
educational lectures and undergo examinations to
enhance their professional growth inside the
workplace. From a technological perspective, the
utilisation of BDA, loT, and CC poses significant
challenges in achieving enhanced product quality.

However, all these tasks are easier compared to
traditional  industrial  engineering.  Acquiring
information and gaining experience contribute to the
generation of fresh ideas and provide enhanced
opportunities. The literature study discusses the
significance of an effective supply chain in relation to
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manufacturers,  inventory = management, and
consumers. The significance of just-in-time delivery
cannot be understated in terms of enhancing
productivity and achieving cost reductions.

The emergence of E-Commerce and evolving
consumer inclinations has precipitated a substantial
transformation in how products are transported to
clientele. Third-party delivery services have become
an essential element in contemporary supply chain
systems. Third-party delivery services utilise 14.0
technology to enhance the efficiency of last-mile
delivery. The optimisation of routes, considering
variables such as traffic conditions, delivery
timeframes, and package dimensions, is accomplished
through the utilisation of Al-powered algorithms. The
analysis of 14.0 entails the amalgamation of digital
technology and physical systems, presenting a
distinctive  prospect for  sustainability. The
management and monitoring of resources, such as
electricity, water, and raw materials, is facilitated by
the utilisation of 10T sensors. These sensors have the
capability to detect consumption patterns, identify
inefficiencies & automated adjustments.

5 Conclusion and Recommendations

To improve a supply chain's responsiveness, this
study investigated an integrated approach to supplier
selection, demand allocation, and the creation of
capabilities based on redundancy and flexibility. In
conclusion, the fusion of 14.0, SCM, and
sustainability are forging a new era of efficiency,
adaptability, and environmental consciousness in the
business world. As we stand at the intersection of
technology and commerce, it's evident that the
objectives set forth enhances SC efficiency, ensuring
flexibility, integrating digital innovations, and
promoting sustainability, are not only achievable but
crucial for the future success of businesses.

Various types of technology are accessible within
the context of 14.0, which can be effectively
employed inside the SC to yield optimal outcomes,
while also promoting sustainability. The primary
objective of this study is to examine the concept of
14.0. How can the implementation of 14.0 be
leveraged to effectively minimise costs and enhance
the efficiency of SC operations. The literature review
encompassed an examination of many system types
relevant to 14.0, including energy efficiency, green
manufacturing, sustainable logistics, supply chain
transparency, waste reduction, and recycling. These
aspects hold significance within the context of 14.0.
These technologies, namely the IloT, ML, and
blockchain technology, are responsible for the
completion of this entire process. The completion of
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14.0 is contingent upon the presence of decision
support.

This is because within the fields of industrial
engineering, SC and operations management, control
systems, operations research, and data science, all
systems and technologies fall under the umbrella of
14.0. Consequently, 14.0 is at the forefront of global
advancements in production and process efficiency. In
the absence of optimisation, the functionality of the
supply chain is compromised, making it imperative
for every firm to prioritise optimisation efforts [2].
Additionally, businesses should strive to incorporate a
significant array of technologies to enhance
transparency and effectively manage operational
constraints. The results can direct researchers'
attention to practical problems. After the pandemic
ended, rebuilding the SC was an extremely difficult
undertaking.

Organisations are better equipped to anticipate,
examine, and proactively address possible difficulties,
whether they result from market changes or
unforeseen disruptions, thanks to the ability to
develop virtual replicas of real-world processes and
systems. A triple bottom line is crucial when
considering the three spheres of the economy, society,
and environment. A TBL concept in the supply chain
can provide financial indicators and evaluate a
company's economic worth, financial stability, and
long-term growth as part of sustainability. This study
aims to conduct a comprehensive examination of the
factors that drive and hinder the optimisation of SC
and manufacturing processes in the context of 14.0.
The analysis will be conducted from a dynamic
capabilities perspective.

5.1 Objectives Fulfilment
The study has fulfilled the key objectives of the
research through the findings of the research studies.

RO1. SC Operating Efficiency and Resource
Utilisation

This study investigates both the economic and
operational efficiency, as well as the potential for
cost reduction. What is the most crucial aspect in
achieving this purpose, both in theory and in real-
world application? The implementation of regulations
and the utilisation of effective working techniques can
greatly assist individuals in their job endeavours. The
utilisation of advanced technologies, such as digital
twins and simulation methodologies, can be
advantageous in the decision-making process and
contribute to enhancing production systems. The
identification of optimal solution that maximum
efficiency while minimising risk. Reducing risk can
contribute to the advancement of innovation and
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facilitate the exploration of various techniques within
the supply chain domain. After all, how inventory is
used is an important consideration for SC businesses.

RO2. Creating Flexible and Responsive SC

Firm’s need to modify technology sufficiently so
that it is simple to respond to market changes,
competition, and disruption. There has never been a
more pressing need to have a flexible SC that can
react quickly to changing consumer needs, market
dynamics, and unforeseen interruptions. The dynamic
nature of today's corporate environment necessitates a
level of adaptability and resilience that can only be
attained by strategically combining technology,
innovation, and a SCM strategy. It is not only
necessary but also a competitive advantage to be able
to adapt to changing consumer tastes and dynamic
market conditions. Those whose supply chain
operations successfully use adaptive practises stand to
gain not only operational efficiency but also client
loyalty. Firms may now obtain real-time insights into
market trends, consumer preferences, and operational
bottlenecks thanks to this technological synergy,
which enables them to make intelligent decisions with
astounding accuracy.

RO3. 14.0 Integration to improve SC Network
Optimisation and Decision-Making Processes.

Identifying the digital twins' best simulation
technique, which is to define the systems' objectives.
This objective discusses the application of digital
twins in 14.0. The object is extremely important for
the network optimisation and decision-making, a
single simulation model that uses digital twin
technology. Digital twins are explicitly mentioned in
the SC for optimisation using simulation tools for
decision-making and skilfully responding to market
shifts.

RO4. 14.0-enabled Supply Chain Networks to
improve Environmental Sustainability

This paper aims to establish a comprehensive
project framework that focuses on sustainability
and the promotion of eco-friendly practises. Firms are
currently undergoing a transition in their operational
systems, aiming to adopt energy-efficient practises
and optimise the management of waste resources by
altering their routes. The technologies associated with
14.0 can monitor emissions across the SC, enabling the
adoption of many paths and facilitating the production
of higher quantities of high-quality products. This is
made possible due to the advancements brought about
by 14.0. The involvement of professionals
specialising in big data analysis, data analytics, and
machine learning is driven by the advent of 14.0, with

Volume 4, 2026



International Journal of Environmental Engineering and Development

DOI: 10.37394/232033.2026.4.9

the aim of advancing the adoption of environmentally
sustainable practises.

5.2 Future Recommendations

Based on an in-depth study, it has been revealed that
the integration of 14.0 is significant in terms of
enhancing supply chain optimisation and promoting
sustainability. Based on the analysis of available data,
it can be argued that the implementation of
appropriate innovation in SCM and practises is vital
for enhancing sustainability. Although 14.0 is now
considered highly efficient, there room for
improvement in its implementation.

To assure the proficient operation and
management of 14.0 technologies, it is imperative to
offer training and upskilling opportunities to the
workforce. Create a cohesive team of individuals
possessing specialised knowledge in the areas of data
analytics, digital twin management, and simulation
modelling, with the overarching objective of fostering
innovation and enhancing the efficiency of SC
operations.

The act of engaging in partnerships with academic
institutions facilitates the convergence of industry
knowledge, research proficiencies, and the utilisation
of nascent technologies. This group of resources has
the potential to greatly augment an organisation's
capacities and competitive edge.

Establish collaborative ties with suppliers,
customers, and other stakeholders to improve overall
visibility and coordination throughout the entire
process. The act of sharing real-time data has the
potential to enhance the precision of demand
forecasting and improve the efficiency of inventory
management.

Develop an agile strategy that allows for
flexibility in adapting to evolving technology trends
and market demands. The strategy should outline how
the organisation plans to leverage emerging 14.0
technologies while remaining adaptable to changes.

It is advisable to enhance the managerial
department of an organisation to effectively integrate
technological advancements. There exist several
critical factors that must be addressed in the context
of future industrial engineering, including investment,
education, and behaviour. Among these factors, it is
imperative to determine which holds the greatest
significance.

When conducting research, it is imperative to
thoroughly evaluate and consider the many limitations
and restrictions that may impact the study. To enhance
readers' understanding of the breadth and relevance of
the study's results, it is imperative to acknowledge the
study's limitations. There are several issues that
require resolution during the discussion section of the

is
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study. The nature of academic research necessitates
the utilisation of dependable, empirical, accessible,
and pertinent data.

The present study has encountered challenges in
the areas of data collection, analysis, and research
methodology. The potential restrictions of the sample
size used for data gathering may arise from practical
constraints on available resources or limited access to
pertinent organisations. The generalisability of the
findings may be limited to a wider range of industries
and companies. Furthermore, the utilisation of data
gathering methods such as questionnaires and case
studies may include inherent biases or subjectivity,
which could potentially impact the accuracy and
comprehensiveness of the research outcomes. The
study's emphasis on 14.0 technologies may
inadvertently neglect the potential importance of other
upcoming technologies that could have comparable
effects on supply chain optimisation and
sustainability. Although attempts were made to
consider multiple contexts, it is possible that
contextual and industry-specific elements were not
completely considered, potentially impacting the
generalisability of the findings to other organisational
settings.
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