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Disclaimer:

This report has been prepared by NetworkGain Consulting in collaboration with Petrus Technologies and is intended solely for informational
purposes. The content herein is based on current industry trends, research, and expert insights as of the date of publication. While every
effort has been made to ensure the accuracy and completeness of the information, NetworkGain or Petrus makes no representations or
warranties, express or implied, regarding the accuracy, reliability, or completeness of the content. Readers are advised to conduct their own
research and consult with appropriate professionals before making any business decisions based on the information provided in this report.

Safe Harbor Statement:;

This report may contain forward-looking statements that involve risks, uncertainties, and assumptions. These statements reflect our current
expectations and projections about future events and trends that may affect our business or the industry in which we operate. Actual results
may differ materially from those projected due to various factors, including but not limited to changes in market conditions, technological
advancements, regulatory changes, and other risks inherent to the manufacturing industry. NetworkGain or Petrus undertakes no obligation
to update or revise any forward-looking statements, whether as a result of new information, future events, or otherwise. The information in
this report is provided "as is" without any warranty or guarantee of any kind.
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Introduction to Mandate Shift

As we stand on the cusp of a new industrial era, it is imperative for us to recognize

the pivotal shift from mere digitalization to a broader, more impactful
transformation. This shift is not just a technological upgrade but a fundamental
change in how we approach manufacturing, sustainability, and business growth.
Together, we will explore why this transformation is the mandate of the future.

2021 - 2022: Industry 5.0 Conceptualized

Introduction of Industry 5.0, focusing on human-

centric innovation

Focus: Collaboration between humans and machines,
personalized production, and sustainability.

2013 - 2015: Digitalization gains momentum
Widespread adoption of digital tech across industries

Focus: Enhanced connectivity, data-driven decision-
making, and early adoption of smart manufacturing

2010 - 2012: Industry 4.0 Emerges
Introduction of Industry 4.0

Focus: Automation, loT, Integration of cyber-
physical systems in Manufacturing

\
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Transformation

Focus: Sustainable manufacturing, resilience, and
the convergence of IT and OT for future-ready

operations

2016 - 2018: Rise of Smart Manufacturing

Implementation of smart factories and increase use of
technologies Al+ML

Focus: Advanced automation, predictive maintenance
and real-time analytics

2023 - Present: Mandate Shift to

Recognition of the need for a transformative
approach in manufacturing

01 Executive Summary
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4 2025 and Beyond: Future of

( Manufacturing
Full adoption of Industry 5.0

Focus: Continuous innovation, adaptive
supply chains, and human-centric,
sustainable industry

2019 - 2020: Transition to Digital
Transformation

Shift from isolated digital initiatives to
comprehensive digital transformation strategies

Focus: Holistic integration of IT and OT, Cloud
Adoption and Digital Twins

e e e e ///5



01 Executive Summary

Importance of Sustainable Manufacturing

Sustainability is no longer an option; it's a business imperative. In this section, we'll delve into why
sustainable manufacturing is essential for future-proofing your business. By aligning your
manufacturing processes with sustainable practices, you can achieve long-term growth while
minimizing environmental impact. Let's explore how embracing sustainability can also drive

profitability and brand loyalty.

Findings:

Organizations that view
sustainability as a competitive asset
see it having a stronger positive
impact on core business
fundamentals (compared to those
who do NOT see as much
connection between sustainability
and competitiveness)

QUSL. Considering overall
Strategies in the business
actions being taken having an impact on the business?

ent are the related

Contributing to our
business outcomes (for
example, revenue,
profitability, growth

Increasing the
efficiency of our
business processes

Increasing the guality of
our products and
senices

Reducing the costs
of our overall
business

Business impact from sustainability strategies

“strong competitive relationship” vs. everyone else

Sust. Compet.: Strong pos Everyone else

36.3% 22.4%

Source: SAP Insights: Wave 3 Sustainability Study

Treating sustainability as a competitive
strategy enables businesses to create more
positive business outcomes and internal
impact.

Resolute businesses: These companies
view sustainability as a strategic element
tied to competitiveness, leading to higher
revenue growth and profitability

Investment and ROI: Resolute businesses
are more likely to increase sustainability
investments and expect quick returns,
showing greater commitment and discipline

Positive Business Outcomes: Sustainability
efforts contribute to increased revenue,
profitability, and growth, as well as
improved product quality and efficiency.

Data Utilization: These businesses are more
satisfied with their sustainability data, using
it rigorously to measure and improve
various sustainability areas
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Key Objectives of this report

This report aims to provide you with a clear understanding of the transition from digitalization to transformation,
focusing on how OT-IT convergence and smart manufacturing can redefine your operations. You'll walk away
with actionable insights and strategies to lead your organization through this transformation successfully.

Understanding the Mandate Shift:
We'll delve into the reasons behind
the shift from digitalization to
transformation and explain why it's
essential for modern manufacturing
operations. This shift is not just
about adopting new technologies but
about rethinking and redesigning
your entire operational model.

Driving Sustainable Manufacturing:
Sustainability is no longer a choice;
it's a mandate. We'll show you how
to incorporate sustainable practices
into your transformation journey,
reducing environmental impact while
improving profitability and resilience.

Exploring OT-IT convergence: The
convergence of Operational
Technology (OT) and Information
Technology (IT) is a cornerstone of
this transformation. We'll illustrate
how integrating these traditionally
separate domains can enhance
efficiency, drive innovation, and
enable real-time data-driven
decision-making

Providing Actionable Strategies:
This report isn't just theoretical. We
aim to leave you with practice
strategies and clear roadmap to
guide your organization through the
transformation process. From initial
assessment to full-scale
implementation, you'll find the steps
you need to take to lead your
organization into the future of
manufacturing .

Embracing Smart Manufacturing:
Learn how smart manufacturing
principles - leveraging Al, loT, and
advanced analytics - can transform
your operations. We'll provide
actionable insights on how to
implement these technologies to
create a more agile, responsive, and
sustainable manufacturing
environment.
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The difference
explained

Digitalization involves
the adoption of digital
tools and technologies,
but transformation
goes beyond that —it's
about reimagining
entire business model.

2024 NetworkGain

02 Introduction

Defining Digitalization vs. Transformation

Digitalization involves the implementation of
digital tools and technologies to enhance
existing processes within an organization.
This approach focuses on improving
efficiency through automation and data-
driven decision-making, typically by
integrating technologies like the Internet of
Things (loT), artificial intelligence (Al), and
cloud computing into operational workflows.
However, digitalization often results in
incremental changes that address specific
pain points without fundamentally altering the
overall business model.

In contrast, transformation goes beyond the
mere adoption of technology. It represents a
strategic reimagining of business processes
and models, emphasizing a holistic approach
that integrates technology with cultural and
organizational change. Transformation is not
just about making processes more efficient;
it's about creating new value propositions,
exploring market opportunities, and building
entirely new business ecosystems. This shift
moves organizations from reactive
improvements to proactive innovation and
disruption, positioning them for long-term
growth, resilience, and sustained
competitiveness.

While digitalization typically has a narrower
focus, impacting specific areas of a business,

transformation affects the entire
organization. It requires a strategic vision and
leadership commitment that goes beyond the
IT department, influencing every aspect of the
business. Although digitalization can provide
immediate benefits, these are often limited in
scope, whereas transformation offers
sustained, long-term advantages by driving
significant changes in business processes,
organizational culture, and customer
engagement.

Transformation is essential for businesses to
adapt to rapidly changing market conditions
and evolving customer expectations. It
prepares manufacturers to fully leverage
emerging technologies and maintain a
competitive edge. Through transformation, an
organization aligns itself towards innovation,
agility, and a customer-centric approach,
breaking down silos and fostering cross-
functional collaboration. Without embracing
transformation, digitalization efforts risk
becoming disjointed, ultimately failing to
deliver their full potential.

Real-world examples illustrate this
distinction: Companies that focused solely on
digitizing processes often struggled to
sustain growth, while those that embraced
transformation successfully redefined their

markets. For instance, a manufacturer that
moved beyond just automating assembly
lines to reimagining its entire supply chain
and customer engagement model achieved
significant competitive advantages.
Conversely, some companies failed to
transform and, despite adopting digital tools,
became obsolete. The importance of a well-
defined transformation roadmap cannot be
overstated, as it guides organizations from
mere digitalization to comprehensive, holistic
change, ensuring their long-term success in
an increasingly complex business
environment.

Eam
meney

Digital
fransformation

Monetize
Digital business data
& operaling madel
Digitalization

Digltal Cyberphysical
input devices systems

Aggregate
Datobases & networks o9 gu,u
fintemal / extemal)

Source: Internet



The evolution

14.x introduced us to
Smart Manufacturing
and loT, and as we
transition to 5.x the
focus shifts towards
human-centric,
sustainable
manufacturing.

Human Centric

Industry 5.0

Resilient Sustainable

2024 NetworkGain
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Context of 14.x and Emerging 15.x

Industry 4.0 marked a pivotal transformation
in manufacturing, driven by the integration of
advanced digital technologies into production
processes. It introduced us to the era of smart
manufacturing, where the Internet of Things
(10T), cyber-physical systems, and real-time
data analytics became the bedrock of modern
industrial operations. These technologies
enabled manufacturers to connect machines,
systems, and people across the value chain,
creating a more efficient, responsive, and agile
manufacturing environment.

The essence of Industry 4.0 lies in automation
and data exchange. Through the deployment
of 1oT, manufacturers gained the ability to
monitor and control their operations remotely,
allowing for predictive maintenance, reduced
downtime, and optimized production
workflows. The use of Al and machine

learning further enhanced these capabilities by
enabling intelligent decision-making based on
vast amounts of data. This shift resulted in the
creation of smart factories, where operations
could be optimized in real time, leading to
significant improvements in productivity, cost
efficiency, and product quality.

However, as transformative as Industry 4.0
has been, it primarily centered on
technological advancements, with a focus on

maximizing efficiency and output. The human
element, while not neglected, was often seen
as secondary to the technological
infrastructure. As industries have evolved, so
too have the expectations of what technology
can and should achieve. This evolution has
given rise to Industry 5.0, a new paradigm that
builds upon the foundations of Industry 4.0
but shifts the focus towards a more human-
centric approach.

Industry 5.0 recognizes that technology
should not only enhance efficiency but also
work in harmony with human creativity and
ingenuity. The transition from Industry 4.0 to
5.0 is characterized by a rebalancing of
priorities—moving from purely automated,
data-driven operations to ones that place
greater emphasis on the collaboration
between humans and machines. In this new
era, the goal is to leverage technology not just
to optimize processes but to enhance human
capabilities, foster creativity, and create more
meaningful work environments.

Sustainability is another critical component of
Industry 5.0. While Industry 4.0 focused on
optimizing manufacturing processes, often
with a focus on economic gains, Industry 5.0
introduces a broader, more holistic
perspective. It emphasizes the importance of
sustainability in manufacturing, urging

industries to consider the environmental and
social impacts of their operations. This shift
reflects a growing recognition that the long-
term success of industries depends not only
on economic performance but also on their
ability to operate in a manner that is socially
and environmentally responsible.

In Industry 5.0, the integration of technology
with human creativity and sustainability
initiatives sets the stage for a future where
manufacturing is not only more efficient but
also more aligned with the values and needs
of society. This transition represents a
significant evolution in the way we approach
industrial production, moving from a
technology-centric model to one that
harmonizes technological innovation with
human and environmental well-being.

As we explore the evolution from Industry 4.0
to 5.0, it becomes clear that the future of
manufacturing lies in the seamless integration
of technology and human creativity, driven by
a commitment to sustainability. This
progression sets the foundation for a new era
in which manufacturing is not just about
making products more efficiently, but about
doing so in a way that enhances human
experiences and contributes to a better, more
sustainable world. /// 10



02 Introduction

Highlights of I5.x compared to 14.x

Industry 4.0 and 5.0: Industry 4.0 integrates
INDUSTRY 5.0 IT and operational technology for real-time
factory connectivity. Industry 5.0 will

Focus on delivering customer

INDUSTRY 4.0 experience reintroduce empowered humans to the shop
, floor, focusing on hyper customization and
Focus on connecting tailored customer experiences
machines
Hyper customization Manufacturing Evolution: Future
manufacturing will involve large, robotized
Mass customization factories for bulk production and local
Responsive & Distributed factories for final customization using
supply chain manual labor.
Intelligent Supply Chain Job Transformation: Job roles will evolve,
Experience Activated : itiole skill Emol i
iiernciivel Procucts merging multiple skill sets. Employees wil
{ need diverse training, and new opportunities
Smartproducts will arise in data monitoring and control
Return of Manpower
to factories Product Intelligence: Industry 5.0 products
will optimize performance and efficiency
Manpower distanced from through edge intelligence, responding to user
factories

requirements in real-time

Source: Frost and Sullivan
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Bridging the gap

Traditionally operated
in silos, but their
convergence is critical
for driving digital
transformation.

2024 NetworkGain

Role of OT-IT Convergence

Operational Technology (OT) and Information
Technology (IT) have long been viewed as
separate entities within the industrial
landscape. OT encompasses the hardware
and software systems that manage and
control industrial operations, such as
machinery, sensors, and real-time data
processing systems. These systems are
typically focused on the physical aspects of
production, ensuring that manufacturing
processes run smoothly, safely, and
efficiently. On the other hand, IT is concerned
with the management of data,
communication systems, and business
processes. IT systems include everything
from enterprise resource planning (ERP)
software to data analytics platforms,
focusing on information flow, decision-
making, and business optimization.

Historically, OT and IT operated in silos due
to their differing roles and priorities. OT
systems were designed for reliability and
safety, often functioning in isolated
environments to prevent disruptions to
critical operations. In contrast, IT systems
were built to handle large volumes of data,
support enterprise-wide communication, and
enable strategic business decisions. This
separation was maintained for decades, with
minimal interaction between the two

domains.

However, as industries undergo digital
transformation, the convergence of OT and IT
has become essential. The integration of
these two domains enables organizations to
harness the full potential of digital
technologies, creating a more cohesive,
efficient, and agile manufacturing
environment. OT-IT convergence involves
bridging the gap between operational
systems and information systems, allowing
data from the shop floor to seamlessly flow
into business processes and decision-
making frameworks.

One of the primary benefits of OT-IT
convergence is the ability to achieve real-
time visibility across the entire
manufacturing process. By integrating OT
data with IT systems, manufacturers can
gain a comprehensive view of their
operations, from the status of individual
machines to overall production performance.
This real-time data integration enables more
informed and timely decision-making,
allowing organizations to quickly respond to
changes in demand, identify inefficiencies,
and optimize production schedules.

Moreover, OT-IT convergence enhances
predictive maintenance capabilities. By

02 Introduction

combining OT data on equipment
performance with IT-driven analytics,
manufacturers can anticipate potential
failures and address them before they lead to
costly downtime. This proactive approach
not only reduces maintenance costs but also
extends the lifespan of critical assets,
improving overall operational efficiency.

Another significant advantage of OT-IT
convergence is the facilitation of advanced
analytics and Al-driven insights. When OT
data is integrated with IT systems, it
becomes possible to apply sophisticated
algorithms and machine learning models to
identify patterns, optimize processes, and
even predict future trends. This capability
allows manufacturers to move beyond
reactive management and towards predictive
and prescriptive strategies, driving
continuous improvement and innovation

Additionally, OT-IT convergence supports the
implementation of digital twins—virtual
replicas of physical assets and systems. By
combining real-time OT data with IT models
and simulations, digital twins provide a
powerful tool for monitoring,



optimizing, and innovating manufacturing as integrating legacy OT systems with
processes. This technology enables modern IT infrastructure, as well as
manufacturers to test new strategies in a addressing organizational and cultural

virtual environment before applying them in differences between OT and IT teams.
the real world, reducing risk and accelerating  However, the rewards of successful

innovation. convergence are substantial, offering a
pathway to smarter, more efficient, and more
Despite these benefits, achieving OT-IT resilient manufacturing operations.

convergence is not without challenges. It
requires overcoming technical barriers, such  In today’s rapidly evolving industrial

Safety & Human
Effectiveness

Management Level

Control Level
= Evolution of Edge

DCS / PLC

= Intelligent Devices
Field Level
Sensors, Actuators, '@'H—n
Hardware
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landscape, the convergence of OT and IT is
not just an option—it's a necessity. It is the
foundation of digital transformation, enabling
manufacturers to fully leverage the power of
data, automation, and advanced
technologies. As organizations continue to
embrace OT-IT convergence, they will be
better positioned to drive innovation,
enhance productivity, and maintain a
competitive edge in the market.

Optlmlzatlon Sustalnablhty

Value Chain
Optimization

ERP = From on-premise to Cloud Aot & Industrial
Maingtggance CIOUd & Yield

r———-—=—-——-—=-——-—=—-—-—-— - S - - - - - - - - - - - = = = - = - - - = F
| . 3 7S
, Planning Level NE>N
. MES./ MOM S % @
| =. Non-critical Apps on-the Cloud - v
! ) =. Critical Apps on the Edge ST T T T T T EDGE DM PREMICE
I Supervisory Level o E C S;sq:gfns
' SCADA, APC - &9
| s 0‘\

(OT SYSTEMS)

(1T SYSTEMS )
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03 Evolution from Digitalization to Transformation

Historical Perspective

Manufacturing has always been at the forefront of technological innovation, from mechanization of the first Industrial Revolution to the digital
advancements of Industry 4.0

Manufacturing has long been a catalyst for manufacturers to achieve unprecedented
technological progress, playing a pivotal role  levels of efficiency, accuracy, and agility,
in every industrial revolution. From the steam laying the groundwork for smarter, more

THE 5 INDUSTRIAL e o

REVO LUTIONS the introduction of automation in the thirdto  However, as we look back, it becomes clear
the smart, interconnected systems of Industry that digitalization was only the beginning. It
4.0, manufacturing has consistently been at  provided the tools and infrastructure
1780 1870 1970 2011 2020 the cutting edge of innovation. These necessary to collect, analyze, and act on data
technological leaps have not only reshaped in real-time. Yet, while these advancements
Industry Industry Industry Industry Industry industries but also the global economy, have been significant, they have also
influencing how goods are produced, highlighted the need for something more
1.0 2.0 3'0 4'0 5'0 distributed, and consumed. profound—a transformation that reimagines
how businesses operate, compete, and grow
M‘_m The most recent phase, Industry 4.0, brought  in a rapidly changing world. The foundation

w ove] -2 about the digitalization of manufacturing. built by digitalization is now giving way to a
m | A (d 'T'T' This era is defined by the widespread new era of transformation, where the focus
- w adoption of digital tools, such as the Internet  shifts from simply integrating digital tools to
Mechanization Electrification Automation Digitalization Personalization  of Things (loT), artificial intelligence (Al), and  fundamentally redesigning business models,
Humanization big data analytics, which have revolutionized  processes, and strategies to meet the
Source: Proaction the way manufacturing operations are challenges of the future.
conducted. Digitalization has enabled




03 Evolution from Digitalization to Transformation

From Mechanization to Human-Centric Innovation: The evolution of

Manufacturing

Manufacturing has undergone a remarkable
transformation since the dawn of the first
Industrial Revolution in the late 18th century,
evolving through several significant phases to
arrive at what is now referred to as Industry
5.0. This journey reflects a continuous and
dynamic evolution in technology, practices, and
societal impact, each stage building on the last
to shape the modern manufacturing landscape.

Industry 1.0: The Birth of Mechanization (Late
18th Century)

The first Industrial Revolution, or Industry 1.0,
marked a pivotal shift from manual labor to
mechanized manufacturing. This era was
characterized by the mechanization of
production processes, most notably within the
textile industry. The introduction of the
spinning jenny, a multi-spindle spinning frame,
significantly boosted productivity, laying the
groundwork for what would become a fully
mechanized manufacturing environment.

Steam power, introduced during this period,
revolutionized not just manufacturing but also
transportation, providing a more reliable and
powerful energy source. This, coupled with the

rise of the factory system, where production
became centralized in urban areas,
dramatically changed the social and economic

landscape. The First Industrial Revolution led to

the growth of industrial cities, the creation of a
working-class, and profound changes in labor
practices.

Industry 2.0: The Age of Electrification and
Mass Production (Late 19th to Early 20th
Century)

The second Industrial Revolution, or Industry
2.0, was defined by the advent of electricity as
the primary source of power. This shift enabled
the development of more versatile and flexible
machinery, which in turn facilitated the creation
of more efficient production processes. The
introduction of electric lighting also had a
profound impact on work environments,
extending working hours and improving
productivity.

Communication technologies, such as the
telegraph and telephone, revolutionized how
businesses coordinated their operations,
enabling faster and more efficient
communication across long distances. The

internal combustion engine played a crucial
role in the automotive and transportation
industries, transforming how goods and people
moved.

A hallmark of Industry 2.0 was the introduction
of mass production and the assembly line.
Figures like Henry Ford popularized these
techniques, leading to the mass production of
goods at lower costs. The principles developed
during this era laid the foundation for the
Toyota Production System and modern Lean
Manufacturing practices.

Industry 3.0: The Digital Revolution (Late 20th
Century)

The third Industrial Revolution, or Industry 3.0,
ushered in the digital age. As computers
became more widespread and capable, the
manufacturing industry began to integrate them
into various processes, from data processing to
control systems. This era marked the beginning
of widespread automation, with machines and
robots increasingly taking over repetitive and
dangerous tasks, thereby enhancing efficiency
and reducing the need for manual labor.

The rise of electronics allowed for the
integration of sensors, microcontrollers, and
other electronic devices into manufacturing
systems, improving monitoring and control
capabilities. The development of
Programmable Logic Controllers (PLCs) was a
significant milestone, enabling precise control
over machines and processes through
programming, which reduced the need for
human intervention.

Industry 4.0: The Era of Digital Transformation
(Late 20th Century to Today)

Industry 4.0 represents the integration of digital
technologies and automation, bringing about a
new era of smart manufacturing. The Internet
of Things (IoT) has become a cornerstone of
this revolution, connecting sensors and devices
to the Internet for real-time data collection and
exchange. This connectivity enables real-time
monitoring and control of manufacturing
processes.



Big Data and analytics have become essential
tools for making data-driven decisions, while
artificial intelligence (Al) and machine learning
have introduced autonomous decision-making
capabilities, predictive maintenance, and
process optimization. The integration of
advanced robotics and automation has further
streamlined production processes, with
autonomous robots now capable of handling
complex tasks like material handling and
product assembly.

Digital twins, or virtual replicas of physical
systems, allow for simulation and analysis,
enhancing product design and process
optimization. Cloud computing has facilitated
collaboration and real-time data sharing, while
cybersecurity has become increasingly crucial
to protect these interconnected systems from
threats. Technologies like augmented reality
(AR) and virtual reality (VR) are being used for
training and remote maintenance support, and
additive manufacturing (3D printing) has
introduced new possibilities for rapid
prototyping and customized production.

As we stand on the brink of Industry 5.0, the
focus shifts towards a more human-centric
approach, where technology and human
creativity work hand in hand. Industry 5.0
envisions a manufacturing environment where
humans and collaborative robots (cobots) work
side by side. These cobots, easily
programmable and capable of performing
repetitive and dangerous tasks, will enable
humans to focus on more complex problem-
solving activities, requiring cognitive abilities
that machines cannot replicate. This shift will
necessitate new roles, skills, and educational
frameworks.

In Plant Process Management (PPM), the
emphasis will move from pure digitization and
Al-driven processes to a collaborative approach
where human insight and decision-making play
a central role. While Al will continue to identify
multiple scenarios based on vast amounts of
data, humans will retain ultimate responsibility
for making critical decisions and ensuring the
smooth operation of manufacturing plants.

Industry 5.0 also introduces the concept of
mass personalization, where the focus shifts
from cost reduction to offering on-demand,
customized manufacturing solutions.
Advanced technologies will enable
manufacturers to cater to individual customer
preferences more effectively, meeting the
growing demand for personalized products.

Sustainability will be a key priority in Industry
5.0, with a stronger emphasis on renewable
energy sources and energy-efficient processes.
Manufacturers will increasingly focus on
reducing their carbon footprint and designing
environmentally sustainable practices.

The journey from Industry 1.0 to Industry 5.0
represents a continuous evolution of
technology, industrial practices, and societal
impact. Each stage of this journey has built
upon the innovations of the previous era,
leading to the sophisticated and interconnected
manufacturing landscape we see today. While
Industry 4.0 has brought about unprecedented
levels of efficiency, flexibility, and productivity
through digital transformation, Industry 5.0

promises to take these advancements further
by harmonizing human creativity with
technological innovation.

It is important to recognize that while large-
scale multinational organizations are at the
forefront of implementing Industry 4.0 and
moving towards Industry 5.0, smaller
manufacturers often find themselves in earlier
stages of this evolution. Overcoming the costs
and challenges associated with adopting these
technologies will be critical for smaller
manufacturers to remain competitive and
sustainable in the rapidly changing global
landscape.



03 Evolution from Digitalization to Transformation

Drivers behind the shift

It's a combination of evolving customer expectations, the rapid pace of technological advancements, and the need for sustainable practices. We'll
break down each of these drivers, showing you why now is the time to embrace transformation.

Personalization

Experience

- — - | -

Evolving Customer

Expectations

Customers demand
tailored products and
services.

Expectation for faster
delivery and
responsiveness.
Increased emphasis on
seamless digital
experiences.

Growing concern for
ethical and
sustainable practices.

Environmental :
and Social
Responsibility ¥

Need for Sustainable

Practices

Urgent need to reduce
carbon footprint and
minimize waste.
Compliance with
environmental
regulations and
standards

Growing consumer
preference for
sustainability
produced goods.
Importance of
resource efficiency
and renewable energy
integration

Innovation

and

Disruption ¥

Rapid Technological

Advancements

» Emergence of Al,

machine learning, and
advanced robotics.

» Expansion of loT and

connected devices
enhancing data
collection.

» Development of

advanced analytics and
cloud computing
capabilities.

* Introduction of additive

manufacturing (3D
printing) and
augmented reality (AR)
in production
processes.

Several powerful forces are driving the shift
from digitalization to transformation, each
playing a crucial role in reshaping the
manufacturing landscape.

First and foremost are the evolving customer
expectations. In today's fast-paced, hyper-
connected world, customers demand more than
just high-quality products—they expect
personalized experiences, rapid delivery, and
sustainable practices. Manufacturers are under
increasing pressure to meet these demands,
which requires more than incremental
improvements; it demands a comprehensive
transformation of how they operate and engage
with customers.

The rapid pace of technological advancements
is another significant driver. Technologies that
were once cutting-edge are quickly becoming
standard, and the speed at which new
innovations emerge is accelerating. To stay
competitive, manufacturers must not only adopt
these technologies but also transform their
operations to fully leverage their potential. This

involves moving beyond digitalization—where
technology is merely an enabler—to a state of
transformation where technology is fully
integrated into every aspect of the business.

Finally, the growing imperative for sustainable
practices is pushing manufacturers towards
transformation. As environmental concerns
become increasingly urgent, businesses are
being called upon to reduce their carbon
footprint, minimize waste, and adopt more
sustainable methods of production.
Transformation allows manufacturers to embed
sustainability into their core operations,
ensuring that they not only comply with
regulations but also contribute to a more
sustainable future.

Together, these drivers create a compelling case
for transformation. They highlight why
manufacturers cannot afford to rest on the
laurels of digitalization but must instead
embrace a broader, more ambitious vision of
change.



Transformation in Manufacturing

To drive successful transformation: aligning business strategy, organization structure, and technology is essential. Scale value creation, streamline
operations, and achieve long-term strategic goals — enhancing efficiency and fostering innovation.

INDUSTRY 4.0 FRAMEWORK AND
CONTRIBUTING DIGITAL TECHNOLOGIES
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KEY ELEMENTS

Leveraging edge computing,
cybersecurity, and cloud
technologies.

Enhancing industrial operations
with agile methodologies and
DevSecOps.

Selecting the right lloT platform
implementation partner.
Transforming the workforce for
digital manufacturing.
Leveraging lloT for
manufacturing excellence and
digital innovation.

Framework for lloT-based value
capture at scale.

lloT platform design and
integration for seamless
operations.
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IMPLEMENTATION STEPS

Prioritize value-driven use
cases.

Start data gathering early and
develop platform core in
parallel.

Establish processes, change
management, and collaboration
for successful rollout.

Focus on capturing value
through defined road maps and
dedicated value-capture
mechanisms.

RECOMMENDATION

Align business, organization,
and technology for successful
digital transformation.

Address challenges in scaling
lloT-enabled use cases.
Implement a framework for
lloT-based value capture.

Guide stakeholders on effective
digital transformation
strategies in manufacturing.

In the current landscape of manufacturing, Industry 4.0 technologies have reached a pivotal inflection point where machine

intelligence, data analytics, and connectivity are not only enabling but also accelerating transformative change across industries. For
manufacturing organizations, the successful adoption and integration of these technologies are crucial to staying competitive,
particularly in an era marked by rapid technological advancements and frequent disruptions.



Top Use Cases to focus

Predictive maintenance, powered
by Al and loT, is one of the most impactful use
cases for manufacturing organizations. By
utilizing sensors and data analytics,
manufacturers can predict equipment failures
before they occur, reducing downtime and
maintenance costs. This not only improves
operational efficiency but also extends the
lifespan of machinery, ensuring a more
sustainable use of resources.

Digital twins—a
digital replica of physical assets—enable
manufacturers to simulate and optimize
production processes in real-time. This
technology allows organizations to test
different scenarios, optimize workflows, and
identify potential issues before they arise. The
ability to simulate entire production lines or
factories can lead to significant cost savings
and productivity improvements.

The
integration of Al and machine learning into
supply chain management allows
manufacturers to optimize logistics, reduce
lead times, and improve inventory

management. These technologies provide real-
time visibility into the supply chain, enabling
faster decision-making and more agile
responses to market changes. This use case is
particularly valuable in mitigating risks
associated with global disruptions, as seen
during the COVID-19 pandemic.

Industry 4.0
technologies are instrumental in driving
sustainability within manufacturing. From
energy management systems that optimize
power consumption to waste reduction
initiatives powered by data analytics, these
technologies help organizations reduce their
environmental footprint. The Global Lighthouse
Network, an initiative by the World Economic
Forum, showcases manufacturers that have
successfully implemented these technologies
to drive both profitability and sustainability,
setting a benchmark for the industry.

The future of
manufacturing is not just about machines but
also about the workforce. AR and Al are being
used to empower workers by providing real-
time data, training, and support. AR can guide

workers through complex assembly processes
or maintenance tasks, reducing errors and
increasing productivity. Additionally, Al-driven
analytics can help in workforce planning,
ensuring that the right skills are available when
and where they are needed.

Overcoming the Scaling Slump

One of the biggest challenges in implementing
Industry 4.0 technologies is overcoming the
"Scaling Slump." While pilot projects often
show promising results, scaling these
initiatives across entire production networks
and value chains can be difficult. This is where
a strategic approach, as outlined in the Global
Lighthouse Network playbook, becomes
essential. The playbook emphasizes the
importance of building a solid foundation of
fundamental enablers, such as robust data
infrastructure, cybersecurity measures, and a
culture of continuous learning.

By strategically extending their capabilities and
focusing on these enablers, manufacturing
organizations can realize the full impact of
their digital transformation efforts, catapulting
ahead of their competition. This approach is
particularly effective in times of disruption, as

it allows organizations to remain agile,
resilient, and responsive to changing market
conditions.

Sustainability and workforce engagement are
not just byproducts of Industry 4.0; they are
accelerators of transformation. By aligning
their digital transformation efforts with
sustainable practices, manufacturers can
achieve long-term success that benefits both
their bottom line and the planet. Additionally,
by engaging and empowering their workforce,
organizations can ensure that their employees
are not just participants but active contributors
to the transformation journey.

As machine intelligence reaches
unprecedented maturity, the potential for these
technologies to revolutionize manufacturing is
immense. However, the key to success liesin a
holistic approach that integrates business
strategy, technological innovation, and a
commitment to sustainability and workforce
development. By focusing on these top use
cases, manufacturing organizations can not
only survive but thrive in the age of Industry 4.0
and beyond.
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The imperative of OT-IT Convergence in Modern Manufacturing

Nntroduction

In today's rapidly evolving manufacturing landscape, the
convergence of Operational Technology (OT) and Information
Technology (IT) is no longer a future aspiration—it's a present-
day necessity. This integration is the backbone of Industry 4.0,
enabling manufacturers to create intelligent, responsive, and
data-driven operations. As someone deeply involved in OT-IT-
ET convergence, | can attest that this journey is both
challenging and rewarding, demanding a structured approach
to fully harness its potential.

This guide will walk you through the process of OT-IT
convergence, breaking down the steps to ensure that your
manufacturing operation achieves the highest level of
efficiency, agility, and innovation.

\/
J

Convergence is Essential

Traditionally, OT systems—responsible for controlling physical
processes—have operated independently of IT systems, which

manage data and digital processes. However, the disconnect
between these two domains creates silos that limit visibility,
slow down decision-making, and hinder overall efficiency. OT-
IT convergence aims to bridge these gaps by integrating the
physical and digital aspects of manufacturing, allowing for
seamless data flow and real-time decision-making.

The Core Tech

nologies Driving Convergence

To achieve this integration, several key technologies come into

play:

o  loT/lloT: Internet of Things (IoT) and Industrial Internet
of Things (IloT) devices enable real-time data collection
from machines, sensors, and other physical assets.

. Edge Computing: This technology processes data close £ '

to the source, reducing latency and enabling quicker
responses to changes in production conditions.

. Cloud Computing: Centralizes data storage and
processing, allowing for scalable, enterprise-wide
analytics and insights.

o  Advanced Analytics and Al: Transform vast amounts of
data into actionable insights, optimizing processes and

enabling predictive maintenance.

. Digital Twins: Virtual replicas of physical assets that
allow for simulation and optimization of manufacturing
processes in a digital environment.

These technologies collectively enable a more connected,
intelligent, and flexible manufacturing operation, laying the
groundwork for the convergence of OT and IT.

Source: Internet

Data and the flow of
digital information

Operation of physical
processes and the
machinery used to carry
them out
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Step-by-Step Guide to OT-IT Convergence

operational efficiency, improving data- comprehensive security measures, and predict potential failures before they
Before diving into the convergence process, driven decision-making, or reducing including network segmentation, occur.
it's critical to assess your organization’s costs. Align these goals with your broader encryption, and continuous monitoring, to
current state: business objectives. protect both OT and IT assets.
1. Self-Assessment Tools: Utilize 2. Phased Implementation: Break down the 3. System Reliability: Maintaining system
comprehensive tools and templates to convergence process into manageable uptime is crucial, especially as more Successful convergence is not just a
evaluate your current OT and IT systems, phases, starting with pilot projects that processes become automated. Consider  technical challenge; it also requires a shift in
identifying strengths and weaknesses. demonstrate value. This approach allows implementing redundancy and failover mindset:
Consider factors such as existing for adjustments based on real-world mechanisms to ensure uninterrupted 1. Cross-Functional Collaboration:
infrastructure, data management feedback. operations. Encourage collaboration between OT and
capabilities, and cybersecurity measures. 3. Resource Planning: Allocate the IT teams, breaking down silos and
2. ldentify Gaps: Based on the assessment, necessary resources—financial, fostering a culture of continuous learning
pinpoint areas that need improvement, technological, and human—ensuringyou  To fully realize the benefits of OT-IT and innovation.
such as outdated OT systems or have the right tools and expertise to convergence, it's essential to leverage the 2. Training and Development: Invest in
insufficient IT support. This will inform support the convergence. enabling technologies: training programs that equip your
your strategy and resource allocation 1. 10T/lloT and Edge Computing: These workforce with the skills needed to
moving forward. technologies are pivotal in enhancing manage and operate converged systems.
3. Benchmarking: Compare your readiness  As you move forward, you'll encounter connectivity and real-time data This will help mitigate resistance to
with industry standards and peers using  several technical hurdles that must be processing. Ensure that your change and ensure smooth
maturity models to set realistic goals and managed carefully: infrastructure supports the deployment of implementation.
expectations. 1. Interoperability: Ensuring that legacy OT these technologies across your operation. 3. Unified Vision: Develop a shared vision
systems can communicate with modern 2. Cloud Integration: While edge computing for digital transformation that aligns with
IT systems is a common challenge. Invest handles real-time data, cloud computing your company's strategic goals, ensuring
With a clear understanding of your current in middleware solutions that facilitate allows for extensive data storage and that everyone in the organization is
state, you can now develop a strategic data exchange between different processing, enabling advanced analytics working towards the same objectives.
roadmap: platforms. at scale.
1. Strategic Vision and Goals: Define what 2. Cybersecurity: The increased connectivity 3. Digital Twins: By creating digital replicas
you want to achieve with OT-IT that comes with convergence also raises of your physical assets, you can simulate

convergence. This could be enhancing cybersecurity risks. Implement different scenarios, optimize processes,



onclusion: Embracing the Future

The convergence of OT and IT is not just a
technical integration—it's a transformative
process that will redefine how your
manufacturing operation functions. By
following a structured, step-by-step approach,
you can overcome the challenges of
convergence and unlock significant benefits,
including improved operational efficiency,
enhanced decision-making, and greater agility.

Remember, the journey of OT-IT convergence is
ongoing. As new technologies emerge and
industry standards evolve, your approach will
need to adapt. However, with a solid foundation
in place and a commitment to continuous
improvement, your organization will be well-
positioned to lead in the era of Industry 4.0 and
beyond.

Evolution from Traditional System
Architecture to Industry 4.0

Traditional Architecture: The traditional
system in manufacturing features separate
layers for control and safety, using Distributed
Control Systems (DCS), Programmable Logic
Controllers (PLC), and SCADA systems. These

systems operate in silos, with limited
interaction between Operational Technology
(OT) and Information Technology (IT). Data
processing is localized, which limits flexibility
and efficiency.

Industry 4.0 Model: The Industry 4.0
architecture integrates OT and IT, facilitated by
Edge computing and cloud technologies. It
enables real-time data processing, connecting
multiple sites through secure networks. Edge
systems reduce latency by processing data
close to its source, while hybrid IT systems

leverage both cloud and on-premises solutions.

This setup allows manufacturers to improve
efficiency, predictive maintenance, and
adaptability in a data-driven environment.

In this architecture, multiple sites (e.g., Site ‘A’
and Site ‘B’) are interconnected, allowing for
secure data exchange and real-time
processing. The Operator Stations, SCADA, and
Historian systems, traditionally isolated, are
now integrated through an lloT (Industrial
Internet of Things) Network that facilitates
seamless communication between the Field
Network and Control Network. This integration
ensures that data from OT systems is securely
transmitted to IT systems.
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Profitability: Driving Efficiency and Reducing Costs
OT-IT convergence directly impacts profitability by
optimizing operations and reducing costs. By
integrating OT systems, such as SCADA and PLCs,
with IT systems like ERP and CRM, manufacturers can
achieve real-time data flow across the organization.
This integration enables advanced analytics and Al-
driven insights that optimize production schedules,
reduce downtime, and minimize waste.

Key Benefits:

. Improved Operational Efficiency: Real-time
monitoring and predictive maintenance reduce
equipment failures and downtime, leading to
lower operational costs.

. Enhanced Product Quality: Continuous data flow
and monitoring allow for immediate adjustments
in production processes, reducing defects and
rework.

o  Cost Reduction: Streamlined operations and
automated processes lead to significant cost
savings, improving the bottom line.

Digital Continuity: Ensuring Seamless Operations
Digital continuity refers to the uninterrupted flow of
data and processes across the entire production
lifecycle. OT-IT convergence plays a crucial role in

maintaining this continuity by enabling seamless
integration between physical and digital systems. This
integration ensures that data is consistently available
and actionable, supporting decision-making and
operational resilience.

Key Benefits:

. Unified Data Management: A single, integrated
data platform allows for better visibility and
control over the entire production process.

. Minimized Downtime: With continuous data flow
and real-time analytics, potential disruptions can
be identified and addressed before they
escalate.

«  Operational Resilience: The integration of OT
and IT systems ensures that digital processes
are aligned with physical operations,
maintaining consistency even during system
upgrades or changes.

Profitability

Security Control
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Increase output rates
Optimization
Predictive Maintenance
System Standardization

System Pooling
Process Standardization

Flexibility
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Traceability

—_— Transparency

Improve industrial facilities and tools

End-to-End Steering

Data Valuation

Business Development

Security: Protecting Critical Infrastructure

As OT systems become increasingly connected to IT
networks, the potential for cyber threats also
increases. OT-IT convergence, when done correctly,
enhances security by implementing unified
cybersecurity measures across both domains. This
integrated approach ensures that vulnerabilities in one
area do not compromise the entire system.

New Service Development

Talent Management

Improve working conditions

Showcase local production

1

CSR Green Manufacturing

r

Green IT

Source: CIGREF



Key Benefits:

o Holistic Cybersecurity: Unified security
protocols protect both IT and OT assets,
reducing the risk of breaches and
ensuring compliance with industry
regulations.

. Threat Detection and Response:
Integrated systems allow for real-time
monitoring and quicker response to
security incidents, minimizing potential
damage.

e  Reduced Attack Surface: Convergence
simplifies the network architecture,
making it easier to secure and manage.

Business Development: Enabling New
Revenue Streams

OT-IT convergence opens new avenues for
business development by enabling innovative
business models and services. By leveraging
the data generated from integrated OT-IT

Ao
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Organization

Create a flexible organization structure
with delivery teams. Organize IT and OT
personnel around specific use case in
order to support vertically integrated

digital solution

systems, manufacturers can develop new
products, enhance customer experiences, and
even create entirely new markets.

Key Benefits:

. Data-Driven Innovation: Access to
comprehensive data from both IT and OT
systems enables the development of new
products and services tailored to
customer needs.

. Enhanced Customer Experience: Real-
time data insights allow for personalized
customer interactions and faster
response times, improving customer
satisfaction.

. New Revenue Streams: Manufacturers
can offer new value-added services, such
as predictive maintenance or
performance optimization, generating
additional income.

Attractiveness: Building a Future-Ready

Organization

In today’'s competitive market, attracting top
talent and retaining customers requires a
forward-thinking approach. Organizations that
successfully implement OT-IT convergence are
seen as industry leaders, capable of adapting
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reach and capabilities.

o  Brand Reputation: Being at the forefront
of technological convergence strengthens
the company's brand as a leader in digital
transformation, appealing to customers,
investors, and stakeholders.

to changing market demands and technological OT-IT convergence is more than just a technical

advancements. This enhances their
attractiveness to both potential employees and
business partners.

Key Benefits:

o  Talent Attraction and Retention: A
reputation for innovation and
technological leadership attracts skilled
professionals looking to work with
cutting-edge technologies.

. Partnership Opportunities: Companies
that are advanced in OT-IT convergence
are more likely to attract strategic
partnerships, expanding their market

o™

Hardware + Software

Implement health dashboards. Enable a
security solution that performs asset
discovery and allows a visual
representation of the entire system
while putting in place a tool that can
eliminate blind spots and vulnerabilities

Tacit Knowledge

Centralize the data and documentation.
Enable and enhance exchange of
information and reporting in common
platform, and invest on joint training for
[T/OT personnel

Data Integration

Build an analytics team. This team shall
be able to optimize production and
reporting by creating a knowledge base
to work with different kinds of data and
providing an overall view of the network

Overcoming the main challenges during the convergence?

integration—it is a strategic imperative that
drives profitability, ensures digital continuity,
enhances security, fosters business
development, and boosts organizational
attractiveness. For manufacturers, embracing
this convergence is key to staying competitive
in an increasingly digital and connected world.
By leveraging the full potential of integrated OT
and IT systems, companies can not only
improve their operational efficiency but also
unlock new opportunities for growth and
innovation.

A4
Security Risk

Implement essential and near-term
solutions. Deploy an effective secure
remote access solution and establish a
robust DMZ to isolate systems

Source: Deloitte
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Empowering Tomorrow’s Industry

In today's rapidly evolving industrial landscape,
digital transformation and smart
manufacturing are more than buzzwords—they
are the cornerstones of a new erain
manufacturing. They are emerging as the key
drivers of industry innovation and efficiency.
While often discussed separately, these
concepts are inherently intertwined, each
complementing the other to create a more
agile, data-driven, and responsive
manufacturing environment.

What is Digital Transformation?

Digital Transformation in manufacturing refers
to the comprehensive integration of digital
technologies across all aspects of production
and business operations. It is about more than
just adopting new tools or automating
processes—it represents a fundamental shift in
how manufacturers operate, interact with data,
and deliver value to customers. By leveraging
technologies like cloud computing, big data,
artificial intelligence (Al), and the Internet of
Things (loT), manufacturers can enhance
decision-making, optimize supply chains, and
create more personalized products and
services.

Defining Smart Manufacturing

Smart Manufacturing takes the concept of
Digital Transformation and applies it directly to
the factory floor. It involves creating an
interconnected ecosystem where machines,
systems, and humans communicate and
collaborate in real-time. At the heart of Smart
Manufacturing are technologies such as Al, loT,
robotics, and advanced analytics, which enable
manufacturers to optimize every aspect of
production—from inventory management to
predictive maintenance and quality control. The
goal is to create a more flexible, efficient, and
responsive production environment that can
quickly adapt to changing market demands.

How Digital Transformation and Smart
Manufacturing Complement Each Other?
Digital Transformation provides the
overarching framework that enables Smart
Manufacturing. Without a robust digital
infrastructure, it would be impossible to
harness the full potential of smart
technologies. For example:

Data Management and Analytics: Digital

Transformation ensures that data is

collected, stored, and analyzed effectively

across the entire organization. This data is
the lifeblood of Smart Manufacturing,
feeding into Al algorithms that optimize
production processes and enhance
decision-making.

Integration of IT, OT, and ET: Digital
Transformation brings together IT, OT and
ET, breaking down traditional silos and
enabling seamless communication across
systems. This integration is crucial for
Smart Manufacturing, where real-time data
from OT systems must be processed by IT
systems to drive intelligent decision-
making.

Scalability and Flexibility: As
manufacturers adopt smart technologies,
they need a scalable digital infrastructure
that can grow with their needs. Digital
Transformation provides this scalability,
allowing manufacturers to integrate new
technologies and expand their smart
manufacturing capabilities over time.

In summary, Digital Transformation and Smart
Manufacturing are two sides of the same coin.
While Digital Transformation provides the
strategic framework and technological

foundation, Smart Manufacturing delivers the
practical, on-the-ground implementation that
drives tangible improvements in production
efficiency and product quality. Together, they
are redefining the future of manufacturing,
enabling companies to stay competitive in a
rapidly changing industry landscape.

Introduction to Digital Engineering Systems
Framework:

The Systems Engineering Body of Knowledge
(SEBoK) provides a robust foundation for
understanding Digital Engineering (DE),
emphasizing the comprehensive application of
digital tools and practices across the entire
engineering lifecycle. This approach is critical
for manufacturers aiming to enhance
efficiency, foster innovation, and maintain
competitiveness in a digital age.

What is the Digital Engineering Systems
Framework?

The Digital Engineering Systems Framework, is
a strategic approach that applies digital tools,
models, and simulations throughout the



engineering lifecycle—from conceptual design
to production and operation. The framework's
goal is to create a continuous digital thread
that integrates all engineering processes and
stakeholders, ensuring that data and
information are consistently available and
accurate.

Key to this framework is the use of Model-
Based Systems Engineering (MBSE), which
shifts the focus from traditional document-
based methods to a model-centric approach.
This shift facilitates better collaboration,
reduces errors, and enables more effective
decision-making across the engineering
lifecycle.

Core Components of the Digital Engineering

Systems Framework

1. Model-Based Systems Engineering
(MBSE): Central to DESF, MBSE supports
the entire engineering process through
integrated models that represent system
requirements, design, analysis, and
verification. This methodology enables
engineers to manage complexity, improve
consistency, and ensure that all aspects
of a system are aligned throughout its
lifecycle.

2.  Digital Twin: A digital twin is a virtual

representation of a physical asset,
process, or system. Within the DESF,
digital twins are used to simulate and
analyze real-world operations, providing
insights that drive continuous
improvement and innovation.

3. Data Analytics and Al: The DESF
leverages advanced data analytics and
artificial intelligence (Al) to interpret vast
amounts of data generated across the
engineering lifecycle. These insights
support predictive maintenance, optimize
processes, and enhance decision-making.

4. Integrated Digital Platforms: These
platforms serve as the backbone of the
DESF, enabling seamless integration and
communication across different tools,
systems, and teams. By breaking down
silos, these platforms enhance
collaboration and ensure that all
stakeholders have access to the most up-
to-date information.

Importance of the Digital Engineering Systems
Framework in Manufacturing

Adopting this framework is critical for
manufacturers to stay competitive in an
increasingly complex and digital world. The
benefits of this framework are manifold:

. Enhanced Decision-Making: With real-
time data and integrated models, the
DESF provides manufacturers with the
insights needed to make informed
decisions throughout the product
lifecycle.

. Increased Efficiency: By automating and

optimizing engineering processes, the

DESF reduces the time and resources

required to develop and deliver products,

leading to significant cost savings.

Improved Collaboration: The framework

fosters collaboration among

multidisciplinary teams, ensuring that all
stakeholders are aligned and working
towards the same goals.

Agility and Innovation: The DESF equips

manufacturers with the tools to quickly

adapt to changes in the market or
technology landscape, fostering
innovation and maintaining a competitive
edge.

The Digital Engineering Systems Framework
represents a transformative approach to
engineering in the manufacturing industry. By
integrating digital tools and processes across
the entire lifecycle, this framework enables
manufacturers to improve efficiency, drive

innovation, and maintain competitiveness in a
rapidly changing world. Understanding and
implementing this framework is essential for
any organization seeking to thrive in the era of
digital transformation.

Technology

Strategic intent

Source: SEBoK
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Key report
results

94, 954

expect to maintain or grow their
workforce because of smart

manufacturing technology adoption 84% in 2023

Crafting a Digital Transformation Roadmap for

Manufacturing

To fully harness the benefits of Industry 4.0,
manufacturers must develop a comprehensive
digital transformation roadmap that integrates
productivity, sustainability, and competitive
advantage. While many manufacturers have

experienced success with individual smart

technologies such as Al, machine learning, loT,

and automation, the true potential lies in

adopting a holistic approach. According to a
recent MPI Group study of 445 manufacturers
worldwide, 63% reported increased profitability,
and 61% saw a competitive edge due to these
technologies. However, a broader strategy can

unlock even greater value.

Here are the key steps to consider when

developing a digital transformation roadmap

for manufacturing:

1. Establish a Vision: Begin by crafting a
long-term strategy that aligns with your

are using or evaluating smart
manufacturing technology, up from

98

have a sustainability / ESG policy in
place, with almost half of those having
company-wide formalized policies

business goals. Consider how digital
transformation can drive profitability,
competitiveness, and sustainability.
Avoid the trap of remaining in the pilot
phase—focus on efficiently moving from
planning to execution. Partnering with a
strategic advisor can provide valuable
guidance throughout this journey.

Align with Business Objectives:

Clearly define the business challenges
you aim to address through digital
transformation, whether it's enhancing
delivery speed, personalizing products, or
improving sustainability. Build a robust
business case to secure budget
resources by demonstrating the potential
return on investment (ROI). Ensure
leadership buy-in by emphasizing key
metrics such as cost reductions and
efficiency improvements.

Select the Right Technology Provider:
Technology adoption should be

05 Digital Transformation and Smart Manufacturing

Manufacturers with annual revenues less than $500 million use
only 38% of their data effectively, compared to those with revenues
of over $30 billion who effectively use more than half (51%).

purposeful, addressing specific business
challenges and providing actionable
insights to enhance outcomes.
Collaborate with technology providers
who understand your unique needs and
can clearly articulate the value
proposition of their solutions.

4. Leverage a Partner Network: Opt for a
partner network that offers
comprehensive visibility across your
organization. This integration connects
core business operations with
manufacturing, enabling a more agile and
responsive approach. Select partners with
a proven track record of helping
companies successfully achieve their
digital transformation goals.

While this roadmap offers a clear pathway, it's
important to recognize that every
organization’s journey to digital transformation
will have its unique challenges. Even the most

carefully planned strategies may encounter
unforeseen obstacles, and we will explore
some of these potential challenges that
manufacturers may face during their digital
transformation journey.



Global manufacturers are harnessing

emergent technology to maximize workforce 7.
potential, reduce risk, increase quality and
deliver sustainable growth

1. Workforce expectations are positive,
with a majority expecting to maintain or
grow their workforce due to smart 9.
manufacturing technology adoption.

2. Sustainability and ESG policies are
prevalent, with a focus on energy
concerns and driving policies.

3. Technology investment has increased 10.

significantly, with a notable allocation of
the operating budget to technology.

4.  Challenges faced include inflation, rising
energy costs, cybersecurity risks,
shortage of skilled workers, and internal
obstacles.

5. Aland data management are key focus
areas, with Al delivering significant
business outcomes and better data
management needed to fuel Al/ML.

6.  The skills gap remains a significant
challenge impacting competitiveness,
with quality improvement being a primary

2024 NetworkGain

focus.

Cybersecurity is intensifying as a top
skill sought by employers, with a focus
on strengthening security posture.
Ransomware attacks are increasing,
particularly in manufacturing, posing
risks to OT networks.

Manufacturers are accelerating digital
transformation to overcome obstacles
and are investing in Al, ML, and other
technologies to address challenges and
drive value.

Balancing people, technology, and
sustainability practices is crucial for
industry leadership in smart

Smart Manufacturing Technology (Examples)

Manufacturing Execution Systems (MES)

" ” CLC track and document the transformation of raw materials
INDUSTRIAL into finished goods, providing real-time production
I OPERATIONS management to drive enterprise-wide compliance,
quality and efficiency.
Distributed Control Systems (DCS) i, Sl

use decentralized elements to control dispersed systems, i e
such as automated industrial processes or large-scale
infrastructure systems.

Computerized Maintenance
Management Systems (CMMS)

help organizations track and manage

maintenance and repair activities for their facilities,
equipment and other assets in one place.

Asset Performance Management (APM)
combines process, operational and machine-level data
through dashboards to monitor machine and plant health.

Design & Visualization

tools transform raw ideas into intuitive HMIs /
and immersive VR simulations for smarter,

faster production.

Power Control drives continuous flow of valuable process
and diagnostic data that informs the design environment,
visualization systems and information software.

t§; ’

Industrial Control Systems
improve processes and production quality at every stage
of your operation and provide seamless data exchange

INTERNAL OBSTACLES

2024

manufacturing.
2024
1 Attracting employees with desired skillsets

Balancing quality and growth 1 Inflation

2 Deploying and integrating new technology

Deploying andintegrating new technology

3 Internal budget constraints

Worker retention / knowledgeretention

4 Balancing quality and growth

Using and understanding data to improve

5 Capturing and contextualizing data to improve

ANV AN AN

Onboarding new employees

2 Rising energy costs
3 Cybersecurityrisks

4 Shortage of skilled workers

5 Supply chain disruption

05 Digital Transformation and Smart Manufacturing

Production Monitoring provides seamless
connectivity to machines on the plant floor, delivering
transparent, real-time operational KPls like Overall
Equipment Effectiveness (OEE),

Enterprise Resource Planning (ERP)
automates front- and back-office processes across
business management and related functions.

Supply Chain Planning (SCP) combines
data from multiple departments to sync demand
and supply forecasting to improve inventory
accuracy and production management

Quality Management Systems (QMS)
standardize and automate quality documentation
processes and measurements.

Production Logistics

delivers an orchestrated, agile, zero touch
material flow through manufacturing operations
with autonomous mobile robots (AMRs).

Analytics use data to solve manufacturing
bottlenecks, optimize output and quality and
provide new insights, tapping into the power of
ndustrial Al

r Robotics accelerate autonomous / semi-autonomous
operations and contribute to systems that are more
intelligent, intuitive and flexible.

Smart Devices are self and system-aware assets
that acquire, process and monitor operating data

Source: 9 Annual State of Smart Manufacturing Report

EXTERNAL OBSTACLES

Inflation

Supply chain disruption

Raw materials / microchip shortage / prices

Shortage of skilled workers

Impact of COVID-19 pandemic

U\

0. What do you see as the biggest internal obstacle(s) to your organization’s growth for calendar year 2024?
Select all that apply. Base: 1567

0. What do you see as the biggest internal obstacle(s) to your organization’s growth for calendar year 20237
Select top 5. Base: 1353

0. What do you see as the biggest external obstacle(s) to your organization’s growth for calendar year 2024?
Select all that apply. Base: 1567

0. What do you see as the biggest external obstacle(s) to your organization’s growth for calendar year 2023?
Select top 5. Base: 1353
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05 Digital Transformation and Smart Manufacturing

Roadmap: Phases 1

Phase 1: Initiation and Strategy Development

1.1. Leadership Alignment and Vision Setting

*Objective: Establish a unified vision for digital transformation.

*Actions:
»  Conduct workshops with C-suite and senior management to align on goals.
»  Define a clear vision and objectives that align with business strategy.
»  Communicate the vision across the organization.

1.2. Digital Maturity Assessment

Phase 1: Initiation and Strategy
Development

Phase 2: Foundation Building and *Objective: Evaluate the current state of digital capabilities.
Pilot Projects *Actions:
Digital +  Assess existing technologies, processes, and workforce skills.
Transformation & : : »  Benchmark .agglnst industry peers to |§ient|fy gaps.
- Phase 3: Scaling and Integration *  Document findings and create a baseline for future measurement.
Smart ManUfaCtU”ng 1.3. Stakeholder Engagement
Roadmap +Objective: Secure buy-in from key stakeholders.
Phase 4: Continuous Improvement eActions:
FILE el R - Identify and engage key stakeholders from across the organization.

»  Develop a communication plan to keep stakeholders informed and engaged.
»  Establish a cross-functional digital transformation committee.
1.4. Define Digital Transformation Strategy and Roadmap
*Objective: Develop a strategic roadmap for digital transformation.
*Actions:
»  Prioritize digital initiatives based on impact and feasibility.
»  Define short-term, medium-term, and long-term goals.
» Allocate resources, including budget and personnel, for each initiative.

Phase 5: Review and Reassess




Phases 2 and 3

Phase 2: Foundation Building and Pilot Projects

05 Digital Transformation and Smart Manufacturing

Phase 3: Scaling and Integration

2.1. Technology Infrastructure Upgrade
+Objective: Modernize the IT and OT (Operational Technology) infrastructure.
*Actions:
* Investin robust and scalable IT infrastructure, including cloud computing.
* Integrate loT sensors and connectivity across manufacturing assets.
»  Ensure cybersecurity measures are in place to protect digital assets.
2.2. Workforce Development and Training
+Objective: Build a digitally proficient workforce.
*Actions:
«  Conduct a skills gap analysis to identify training needs.
»  Develop upskilling and reskilling programs focused on digital competencies.
»  Provide hands-on training for new technologies such as Al, loT, and robotics.
2.3. Pilot Projects Implementation
*Objective: Test digital initiatives in a controlled environment.
*Actions:
«  Select specific areas or processes for pilot projects (e.g., predictive maintenance,
smart manufacturing cells).
* Implement pilot projects with clear objectives and KPIs.
»  Monitor performance, gather data, and assess results.
2.4. Feedback Loop and Iteration
*Objective: Refine and optimize pilot projects.
*Actions:
»  Analyze data and feedback from pilot projects.
» Identify areas for improvement and iterate on solutions.
»  Scale successful pilots gradually to other areas of the organization.

3.1. Enterprise-Wide Technology Integration
+Objective: Expand digital technologies across the organization.
*Actions:
» Integrate loT, Al, and automation technologies across all manufacturing processes.
»  Standardize data collection and analysis methods across facilities.
* Implement digital twin technologies for real-time monitoring and optimization.
3.2. Process Optimization and Automation
+Objective: Enhance operational efficiency and agility.
*Actions:
«  Automate repetitive and manual processes using advanced robotics and Al.
» Implement real-time data analytics to drive continuous process improvement.
*  Optimize supply chain management through data-driven insights and automation.
3.3. Change Management and Cultural Transformation
*Objective: Foster a digital-first culture across the organization.
*Actions:
» Implement a comprehensive change management program to address resistance.
«  Encourage a culture of innovation and continuous improvement.
»  Recognize and reward employees who contribute to digital transformation.
3.4. Cybersecurity and Data Governance
Objective: Protect digital assets and ensure compliance.
*Actions:
*  Regularly update cybersecurity protocols and conduct audits.
« Implement data governance frameworks to ensure data accuracy and integrity.
»  Ensure compliance with industry standards and regulations.




Phases 4 and 5

05 Digital Transformation and Smart Manufacturing

Phase 4: Continuous Improvement and Innovation Phase 5: Review and Reassess

4.1. Continuous Monitoring and Optimization
*Objective: Maintain and enhance digital transformation efforts.
*Actions:
»  Establish a continuous monitoring system to track performance against KPIs.
»  Use data analytics to identify new opportunities for improvement.
*  Regularly review and update digital strategies to adapt to changing needs.
4.2. Innovation and Future Technology Adoption
*Objective: Stay ahead of the technological curve.
*Actions:
* Investin research and development for emerging technologies
»  Partner with technology providers and academic institutions to drive innovation.
» Pilot and adopt new technologies that align with the organization’s strategic goals.
4.3. Sustainability Integration
*Objective: Align digital transformation with sustainability goals.
*Actions:
* Implement smart manufacturing practices that reduce energy consumption and
waste.
»  Use digital tools to monitor and report on sustainability metrics.
»  Explore circular economy models enabled by digital technologies.
4.4. Ecosystem Collaboration
*Objective: Build and sustain a collaborative digital ecosystem.
*Actions:
»  Engage with industry peers, suppliers, and customers to create a collaborative
ecosystem.
»  Share knowledge and best practices within the industry.
» Participate in industry consortia and standards organizations to shape the future of
smart manufacturing.

5.1. Comprehensive Review and Benchmarking
Objective: Assess the impact of digital transformation efforts.
Actions:
Conduct a comprehensive review of digital transformation initiatives.
Benchmark progress against industry standards and best practices.
Identify areas for further improvement or reinvestment.
5.2. Reassess Strategy and Roadmap
Objective: Ensure the digital transformation strategy remains aligned with business goals.
Actions:
Revisit the digital transformation strategy and roadmap regularly.
Adjust objectives and initiatives based on market changes and new opportunities.
Ensure ongoing alignment with the organization’'s long-term vision and goals.
5.3. Continuous Learning and Adaptation
Objective: Foster a culture of continuous learning and adaptability.
Actions:
Encourage ongoing education and training programs for all employees.
Stay informed about industry trends and emerging technologies.
Cultivate an organizational mindset that embraces change and innovation.
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Realize the promise of digital transformation SCALE

minimum viable products

Strengthen the solution through updating functionality,

finalizing the architecture, setting system specifications
OPTI MIZE and defining plant specific customization rules. Scale
core capabilities to new assets, lines and plants while

Maintain and continuously improve expanding to add additional use cases.

the solution, architecture and

I.rn read Y peoplelinfraslructulrefor sithstalined I have a
fDr assessment and widespread value realization. Strategy
starts here starts here
OO

LSS

IDENTIFY
your greatest needs

STAND UP
minimum viable products

Focus on priority MVPs per your roadmap
that deliver a full stack of capabilities in
a specific area torealize value early.
Aim to implement additional MVPs every
90-100 days to quickly build
a foundation to scale.

Manage the change,
measure value,
communicate results,
iterate and improve

PRIORTZE,’ ‘ DEFINE

Gather the people connected to the change.
Diverse perspectives clarify the key opportunity
areas, whether disconnected systems, people,

processes, supply chains, unexpected downtime,
poor quality, lack of visibility, control
and / or something else.

justify and roadmap your OT/IT architecture
Prioritize use cases that address your opportunity areas, Use case enablement requires an enterprise-level
balancing value creation and time-to-value. Develop your OTAT architecture. Define your future state vision,
business case tied to business imperatives and build a strategy identify the gaps and select potential solutions
and roadmap to orchestrate and focus efforts. to fill the gaps.

2024 NetworkGain Source: 9t Annual State of Smart Manufacturing Report /11 35
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Paving the Path to a Greener Future

In the 21st century, the manufacturing industry

stands at a crucial crossroads. As global
pressures for environmental stewardship
intensify, companies are increasingly
recognizing the need to transition towards
more sustainable manufacturing practices.
This shift is not only about reducing
environmental footprints but also about
enhancing economic viability, driving

innovation, and meeting the rising expectations

of consumers and stakeholders alike.
Sustainable manufacturing offers a
transformative path toward a greener future—

one where industrial growth and environmental

responsibility coexist.

The Need for Sustainable Manufacturing
The traditional manufacturing paradigm,
characterized by high resource consumption,
waste generation, and pollution, is no longer
tenable in the face of growing environmental

concerns. Climate change, resource depletion,

and biodiversity loss have underscored the
urgent need for industries to rethink their

operational models. Manufacturing, as a sector

responsible for a significant portion of global
carbon emissions and resource use, is under

scrutiny.

Sustainable manufacturing, therefore, emerges

as a necessary evolution. It involves the
creation of products through economically-
sound processes that minimize negative

environmental impacts while conserving energy

and natural resources. It also encompasses
improving worker safety, health, and welfare,
thereby addressing the social dimension of
sustainability.

Key Pillars of Sustainable Manufacturing
To achieve sustainability in manufacturing,
companies must focus on several key pillars:

. Energy Efficiency - Energy consumption is

one of the largest contributors to a
manufacturer’s environmental footprint. By
adopting energy-efficient technologies and
processes, manufacturers can significantly
reduce their energy use and greenhouse
gas emissions. This can be achieved
through various means, including the
integration of renewable energy sources
such as solar and wind, upgrading to
energy-efficient machinery, and
implementing energy management systems

2.

that monitor and optimize energy use in
real-time.

Resource Efficiency - The efficient use of
raw materials and resources is critical to
sustainable manufacturing. This includes
minimizing material waste through process
optimization, recycling and reusing
materials, and designing products with end-
of-life considerations in mind. Circular
economy principles, where waste is
designed out of the production process,
and materials are continuously cycled back
into use, are central to achieving resource
efficiency.

Waste Management and Pollution Control -
Effective waste management practices are
essential for reducing the environmental
impact of manufacturing. This involves
reducing the generation of waste at the
source, as well as reusing, recycling, and
recovering waste wherever possible.
Pollution control technologies can also
mitigate the release of harmful emissions
and effluents, protecting air, water, and soil
quality.

06 Sustainable Manufacturing

. Sustainable Product Design - Designing

products with sustainability in mind is a key
strategy for reducing environmental
impacts across the product lifecycle. This
includes selecting sustainable materials,
designing for durability and recyclability,
and considering the environmental impact
of the product during its use phase.
Sustainable product design not only
reduces resource consumption but also
meets the growing consumer demand for
environmentally-friendly products.

. Supply Chain Sustainability - A

manufacturer's sustainability performance
is closely linked to that of its supply chain.
By working closely with suppliers to ensure
that they adhere to sustainable practices,
manufacturers can reduce the overall
environmental and social impact of their
products. This might involve sourcing
materials responsibly, reducing the carbon
footprint of logistics, and ensuring fair
labor practices throughout the supply chain.



Technological innovations Driving Sustainability

Technological innovation is a powerful enabler

of sustainable manufacturing. Emerging

technologies are making it possible to achieve

greater efficiency, reduce waste, and develop
new, more sustainable products and
processes. Some of the key technologies
driving this transformation include:

1. Industry 4.0 and loT - The integration of
Industry 4.0 technologies, such as the
Internet of Things (loT), artificial
intelligence (Al), and big data analytics, is
revolutionizing manufacturing. These
technologies enable real-time monitoring
and optimization of manufacturing
processes, leading to significant
improvements in energy and resource
efficiency. loT devices, for instance, can
monitor equipment performance and
predict maintenance needs, reducing
downtime and prolonging the life of
machinery.

2. Additive Manufacturing (3D Printing) -
Additive manufacturing, commonly known
as 3D printing, offers a more sustainable
approach to production. It allows for the

creation of complex designs with minimal
material waste and energy use. Unlike
traditional subtractive manufacturing
processes, which cut away material to
create parts, additive manufacturing builds
objects layer by layer, using only the
material needed. This not only reduces
waste but also enables the use of recycled
or bio-based materials.

. Advanced Materials - The development of

advanced materials, such as bio-based
plastics, composites, and lightweight
alloys, is contributing to more sustainable
manufacturing. These materials often
require less energy to produce and can
reduce the overall weight of products,
leading to lower energy consumption during
transportation and use. Additionally,
advanced materials can be designed to be
more durable, reducing the need for
frequent replacements.

. Renewable Energy Integration - The

integration of renewable energy sources
into manufacturing operations is a critical
step towards sustainability. Many

manufacturers are investing in on-site
renewable energy generation, such as solar
panels or wind turbines, to power their
operations. Others are purchasing
renewable energy credits to offset their
carbon emissions. By reducing reliance on
fossil fuels, manufacturers can significantly
decrease their carbon footprint and
contribute to the global transition to clean
energy.

The Business Case for Sustainable
Manufacturing

While the environmental benefits of sustainable
manufacturing are clear, the business case is
equally compelling. Companies that embrace
sustainability can enjoy a range of competitive
advantages, including:

1.

Cost Savings - Energy and resource
efficiency measures can lead to significant
cost savings over time. By reducing waste,
conserving resources, and optimizing
processes, manufacturers can lower their
operating costs and improve profitability.

2. Risk Mitigation - Sustainable practices help

06 Sustainable Manufacturing

manufacturers mitigate risks associated
with resource scarcity, regulatory
compliance, and supply chain disruptions.
Companies that proactively manage their
environmental and social impacts are
better positioned to navigate the challenges
of a rapidly changing business
environment.

. Brand Reputation and Customer Loyalty -

Consumers are increasingly prioritizing
sustainability in their purchasing decisions.
Manufacturers that demonstrate a
commitment to sustainability can enhance
their brand reputation and build stronger
relationships with customers. This can lead
to increased customer loyalty, higher sales,
and access to new markets.

. Innovation and Growth - Sustainability

drives innovation by challenging companies
to develop new products, processes, and
business models. Manufacturers that
embrace sustainability can unlock new
opportunities for growth, from developing
eco-friendly products to exploring circular
economy models.



Challenges and the Path Forward

Despite the clear benefits, the path to
sustainable manufacturing is not without
challenges. Transitioning to more sustainable
practices requires significant investment,
cultural change, and the willingness to
innovate. Manufacturers must also navigate
complex supply chains, evolving regulations,
and the need for continuous improvement.
However, the momentum towards sustainability
is undeniable. Governments, investors, and
consumers are all driving the shift towards
greener manufacturing practices. Companies
that embrace this trend will not only contribute
to a more sustainable future but also position
themselves as leaders in a rapidly evolving
market.

A Greener Future Through Sustainable
Manufacturing

Sustainable manufacturing is more than a
trend; it is the future of the industry. As
manufacturers around the world recognize the
need to reduce their environmental impact, the
adoption of sustainable practices is becoming
a critical business imperative. By focusing on
energy and resource efficiency, waste
management, sustainable product design, and
supply chain sustainability, manufacturers can
pave the way towards a greener future. With the

2024 NetworkGain

support of technological innovation and a
strong business case, the transition to
sustainable manufacturing is both achievable
and necessary. As we move forward, the
companies that lead the way in sustainability
will not only benefit the planet but also secure
their place in the future of manufacturing.

A SUSTAINABLE FUTURE
REQUIRES MANUFACTURING

Advances in alternative energies, sustainable supply
chains, carbon capture and sequestration, and more
are powered by manufacturing technology.
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MANUFACTURING
TECHNOLODGY
™ mmtactunng tecneology
#na0k the salutions that make  wetainae
Huture poasislo throegh Incrased sifittoncy,
watte feduction, and smarter technalogy.
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MANUFACTURING
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Source: The Association for Manufacturing Technology
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07 l4.x to 15.x

Nawgatlng the j journey A comprehenswe guide

The Ewvc on of Industrial
Rey ‘,»‘ utions

The landscape of industrial revolutions has

been marked by transformative shifts in

technology and processes. Each revolution
brought forth significant advancements, from

the steam engine in the First Industrial

Revolution to the assembly line in the Second,
and the advent of computing in the Third. The
Fourth Industrial Revolution, known as Industry

4.0, introduced a new era of smart

manufacturing, driven by automation, artificial
intelligence (Al), the Internet of Things (loT),

and big data analytics.

Aswe embrace Industry 4.0, the horizon

already points towards the next phase: Industry
5.0. This new wave focuses on integrating
human creativity and expertise with advanced
technology to create a more sustainable,

resilient, and human-centric industrial

landscape. In this article, we will explore the
journey from Industry 4.0 to Industry 5.0,
examining the key concepts, challenges, and
strategies for organizations aiming to stay

ahead in this evolving landscape.

Unders ding Industry 4

Y

The Foundatlon Core Pillars of Industry 4.0
Industry 4.0 is defined by nine critical pillars
that form the backbone of its operations:

1.

et

o

Additive Manufacturing: The use of 3D
printing and other additive processes to
create products with complex geometries
and customized designs.

Augmented Reality (AR): Enhancing real-
world environments with digital overlays
to improve processes, training, and
maintenance.

Autonomous Robots: Self-learning
machines capable of performing tasks
without human intervention.

Big Data and Analytics: The collection
and analysis of vast amounts of data to
inform decision-making and optimize
operations.

Cloud Computing: Enabling remote
storage, access, and processing of data,
facilitating real-time collaboration and
scalability.

Cybersecurity: Protecting industrial
systems and data from cyber threats,
ensuring the integrity and reliability of

operations.

7. Horizontal and Vertical System
Integration: Seamlessly connecting
systems across the value chain and
within individual organizations to
enhance collaboration and efficiency.

8.  The Internet of Things (loT): Connecting
physical devices to the internet, enabling
real-time data exchange and monitoring.

9. Simulation and Digital Twins: Creating o
virtual replicas of physical systems to
test and optimize processes before
implementing them in the real world.

These pillars have revolutionized
manufacturing and supply chains, enabling
greater efficiency, precision, and scalability.
However, Industry 4.0's focus on automation
and technology-led processes has sometimes
led to the marginalization of the human
workforce.

4.0

Source:internet



Industry 5.x: A new paradigm

Human-Centric Approach

Industry 5.0 emerges as a response to the
limitations of Industry 4.0, emphasizing the
reintegration of the human element into
industrial processes. At its core, Industry 5.0 is
about creating a symbiotic relationship between Sustainability and Resilience
humans and machines, where technology is
used to enhance human capabilities rather than
replace them. This human-centric approach is
essential for several reasons:

Creativity and Innovation: While
machines excel at repetitive tasks, they
lack the creativity and problem-solving
skills that humans bring to the table.
Industry 5.0 aims to harness human
ingenuity, supported by advanced
technology, to drive innovation.
Customization and Personalization: As
consumer expectations evolve, there is an
increasing demand for customized and
personalized products. Industry 5.0
enables mass personalization by
combining the precision of machines with
the flexibility and creativity of humans.
Job Creation and Talent Retention:
Contrary to fears of technological
unemployment, Industry 5.0 seeks to

create new opportunities for workers by
redefining roles and enhancing job
satisfaction through meaningful human-

machine collaboration.

In addition to being human-centric, Industry 5.0
places a strong emphasis on sustainability and
resilience. As global concerns about climate

change and resource depletion intensify,
industries must adapt to more sustainable

practices. Industry 5.0 encourages the adoption
of circular economy principles, reducing waste,

energy consumption, and greenhouse gas
emissions.

Resilience is another cornerstone of Industry
5.0. The disruptions caused by the COVID-19

pandemic highlighted the vulnerabilities in
global supply chains and manufacturing
processes. Industry 5.0 aims to build more
robust and adaptable systems, capable of
withstanding unforeseen challenges and
ensuring business continuity.

Complementary, Not Contradictory

It is important to recognize that Industry 5.0
does not seek to replace Industry 4.0 but rather
to build upon its foundations. The two
paradigms are complementary, with Industry
5.0 adding a new dimension to the digital
transformation initiated by Industry 4.0.

Key Differences:

Technology vs. Human-Centric: While
Industry 4.0 is primarily technology-driven,
Industry 5.0 brings humans back into the
equation, focusing on enhancing human
capabilities with technology.

Automation vs. Collaboration: Industry
4.0 emphasizes automation and
efficiency, often at the expense of human
jobs. Industry 5.0 promotes collaboration
between humans and machines, creating
a more balanced and inclusive approach.
Productivity vs. Sustainability: Industry
4.0 aims to maximize productivity and
efficiency, while Industry 5.0 seeks to
achieve these goals within the context of
environmental sustainability and social
responsibility.

07 l4.x to 15.x
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Challenges of 15.x Adoption

Human-Centric Integration

One of the primary challenges of Industry 5.0 is making
processes more human-centric. This involves overcoming
resistance from labor unions and politicians concerned about
technological unemployment. It also requires a shift in mindset
from viewing technology as a replacement for human labor to
seeing it as a tool that enhances human capabilities.

Technological Complexity

The integration of advanced technologies such as Al, machine
learning, and collaborative robots (cobots) with human workers
presents significant technical challenges. Ensuring that these
systems are intuitive, safe, and effective in a collaborative
environment requires substantial investment in research and
development.

Workforce Transformation

As Industry 5.0 evolves, the workforce must undergo a
transformation. This includes upskilling and reskilling workers
to ensure they can effectively collaborate with advanced
technologies. Organizations must invest in education and
training programs to prepare their employees for the new roles
and responsibilities that Industry 5.0 will create.

Building an Industry 5.0 Maturity Mode
Assessing Digital Maturity
Before embarking on the Industry 5.0 journey, organizations

must first assess their current level of digital maturity. This
involves evaluating their existing technology stack, workforce
capabilities, and organizational culture to determine their
readiness for Industry 5.0.

Key Components of the Maturity Model:

1.  Technology Readiness: Assessing the current state of
digital infrastructure, including loT devices, cloud
computing, Al, and cybersecurity.

2. Workforce Capability: Evaluating the skills and
competencies of the workforce, identifying gaps that need
to be addressed through training and development.

3. Organizational Culture: Determining the organization's
readiness to embrace a human-centric approach, including
its commitment to sustainability and social responsibility.

4.  Process Integration: Assessing the level of integration
between digital technologies and human-centric
processes, identifying opportunities for improvement.

Developing a Roadmap

Once the maturity assessment is complete, organizations can
develop a roadmap for Industry 5.0 adoption. This roadmap
should include specific milestones, timelines, and resource
allocations to guide the transformation process. It should also
prioritize initiatives that will have the greatest impact on
sustainability, resilience, and human-centricity.

07 l4.x to 15.x

ndustry Vorkforce and Organizationa
Structure

Redefining Roles

Industry 5.0 requires a fundamental rethinking of organizational
structures and job roles. Traditional roles that focused on
repetitive tasks will evolve into more complex and creative
positions, where human workers collaborate with machines to

achieve new levels of innovation and efficiency.

Key Roles in Industry 5.0:

Human-Robot Collaboration Specialists: Professionals

responsible for designing and managing interactions

between humans and collaborative robots.

Al and Machine Learning Engineers: Experts who develop

and implement Al-driven solutions to enhance human-

machine collaboration.

o Sustainability Officers: Leaders focused on ensuring that
the organization's practices align with environmental and
social goals.

. Digital Twin Developers: Specialists who create virtual
replicas of physical systems to optimize processes and
reduce operational risks.
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Organizational Culture and Change Management

The transition to Industry 5.0 will require significant cultural
change within organizations. Leaders must foster a culture of
innovation, collaboration, and continuous learning. This involves
creating an environment where employees feel empowered to
experiment with new technologies and processes, without fear
of failure.

Change management will play a critical role in this transition.
Organizations must communicate the benefits of Industry 5.0 to
their workforce, addressing any concerns or fears about job
displacement. By involving employees in the transformation
process, organizations can build trust and ensure a smoother
transition.

[péRole pf Cobots in Industry 5.0

Collaborative Robots (Cobots)

Cobots are a defining feature of Industry 5.0, representing the
epitome of human-machine collaboration. Unlike traditional
robots, which operate independently, cobots are designed to
work alongside humans, assisting them in tasks that require
precision, strength, or repetitive actions.

Applications of Cobots:

. Manufacturing: Cobots can assist in assembly lines,
performing tasks such as welding, painting, and quality
inspection. Their ability to work safely alongside humans

makes them ideal for environments where space is limited where resources are reused, recycled, and regenerated to create

or where tasks require both human and machine input.
. Healthcare: In the healthcare sector, cobots can assist
surgeons in performing delicate procedures, handle

logistics in hospitals, and provide support in rehabilitation

therapies.

. Retail and E-commerce: Cobots can help with inventory
management, order fulfillment, and customer service,
enhancing the efficiency and accuracy of operations.

Safety and Ethical Considerations

As cobots become more prevalent, safety and ethical
considerations will become increasingly important. Ensuring
that cobots are safe to operate around humans is paramount.
This requires rigorous testing and certification processes, as
well as the development of standards and regulations to govern
their use.

Ethical considerations, such as data privacy and the potential
for bias in Al-driven cobots, must also be addressed.
Organizations must be transparent about how cobots are used,
ensuring that their deployment aligns with ethical guidelines
and respects the rights of workers.

Sustainability in Industry 5.0
The Circular Economy
Industry 5.0 embraces the concept of the circular economy,

a closed-loop system. This approach reduces waste, minimizes
the use of natural resources, and lowers greenhouse gas
emissions.

Strategies for Sustainable Manufacturing:

. Design for Disassembly: Creating products that can be
easily disassembled and recycled at the end of their
lifecycle.

. Material Substitution: Using sustainable materials, such
as bioplastics or recycled metals, in the manufacturing
process.

. Energy Efficiency: Implementing energy-efficient
technologies, such as smart grids and renewable energy
sources, to reduce the carbon footprint of manufacturing
operations.

. Waste Reduction: Adopting lean manufacturing principles
to minimize waste and optimize resource utilization.

Resilience and Risk Management

In addition to sustainability, Industry 5.0 emphasizes resilience.
The disruptions caused by events such as the COVID-19
pandemic have highlighted the need for more robust and
adaptable supply chains. Industry 5.0 promotes the use of
digital twins, predictive analytics, and Al-driven risk
management tools to identify and mitigate potential risks
before they disrupt operations.



The Future of Industry

A New Era of Collaboration

A Synergistic Future

As Industry 5.0 continues to evolve, the
boundaries between humans and machines will
blur, leading to a new era of collaboration. This
future will be marked by increased creativity,
innovation, and sustainability, as organizations
leverage the strengths of both humans and
machines to create value.

Preparing for the Future

Organizations that wish to thrive in this new era
must begin preparing now. This involves
investing in the right technologies, upskilling the
workforce, and fostering a culture of innovation
and collaboration. By embracing the principles
of Industry 5.0, organizations can position
themselves as leaders in the next phase of
industrial evolution.

Embracing the Industry 5.0 Revolution

The transition from Industry 4.0 to Industry 5.0
represents a significant shift in how we
approach manufacturing and industrial
processes. While Industry 4.0 focused on
automation and efficiency, Industry 5.0 brings
the human element back into the equation,

creating a more balanced and sustainable
approach to industrialization.

As organizations navigate this journey, they
must embrace the opportunities presented by
Industry 5.0 while addressing the challenges it
brings. By doing so, they can unlock new levels
of innovation, resilience, and sustainability,
ensuring their continued success in an ever-
changing world.

Manufacturing Value Chain Maturity

Mature Value Chains

Walue chains have advanced tech deployment and healthy }
global supply ecosystems

Established Value Chains

Value chains are established yet lack technological
sophistication; potential for industry 4.0 disruption is high

Emerging Value Chains

Critical stages of the value chains do not exist in India. ’
Sunrise sectors should build digital-native value chains

Source: NASSCOM
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Use Cases by Value Chain Stages

Upstream - Supplier ’ >

Real-Time Supplier
Management

@

Real Time Order
Management - lloT and
MES/SCADA integration

Predicitve Supplier
Performance - BDA, Al/ML

Supplier Scenario Planning,
WVulnerability Assessment,
Prescriptive Planning - Al/
ML, BDA

Sourcing Mix Modeling/
Dynamic or Flexi-Sourcing
Strategy - Al/ML, AR/VR,
Blockchain

Supplier Financing -
Blockchain

Source: NASSCOM
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v
v
v

} | Production Operations ’ b ‘Warehouse/ Logistics

Predictive Planning v Smart or Dark Factories v
@ Predictive Demand : Smart Machines : Smart Warehouse/Logistics
Planning - Edge Devices, i
loT, Big Data, Al/ML @ Predictive Maintenance - Big Data, Cloud, Al/ML, Edge ® Predictive Warehouse
Devices Management - lloT,
@ Real Time Replanning and Robaotics, Automation,
Scheduling - ML, BDA ® Remote Controlled Supervisory or Maintenance Operations Connectivity Tech, Edge

- Connectivity Tech, Robotics, Automation, Digital Twins Devices
@ Outcome-Based Decision
Modeling - Blockchain,

BDA, Al

Smart Lines i ® Real-Time/ Predictive
Inventory Management -
loT, Edge Devices, Al/ML,

Drones, AR/VR, Robotics

@ Self-Optimizing Assembly Lines -lloT Platform, Automation,

® Traceability - lloT Platform Al/ML, Edge Devices, and integrated OT Platforms

{Cloud, Edge Devices,
Sensors), Robotics, AR/VR,
Digital Thread

@ Flexi-Assembly Lines - Digital Twins, Additive i ®

Freight-Sourcing Decision
Manufacturing 6 6

and Integrated Multi-Modal
Logistics - loT, Al/ML,

@ Prescriptive Scheduling - Digital twin-based flow simulation Connectivity Tech, BDA

Smart Operators/ Services Digital Control Tower

® Assistive Operations - AR/VR ® Real Time Location Data -

@ Remote Floor Shop Manitoring - Robotics, Automation, Digital Thread

L Digital Twins, AR/VR, Drones

@ Traceability - Digital Twins

By 2025, 14.x will have created a tightly integrated manufacturing
and value chain digitalization experience for over two-thirds of the
world’s manufacturers

TS

07 l4.x to I5.x

Downstream -Customers/Partners

Digital Customer Experience

Smart Partners

@ Predicitve Distribution Planning
- Integrated CRM and SCM

with MES, BDA, Al/ML based
optimization

@ Customers/Partner Decision
Analytics - BDA, lloT, Edge
Devices, Connectivity Tech

Hyperlocal or Last Mile Services

@ Micro-Fulfillment - Big Data,
Edge Devices, Al/ML, loT

@ Real Time Location Data - loT,
Connectivity Tech

Direct-to-Customer (D2C) Services

® Omnichannel strategy - Cloud,
BDA, Al/ML

@ Traceability - loT, AR/VR, Digital
Thread
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07 l14.x to I5.x

Value Realization Timelines

PoC-to-Production Timelines Production-to-Rol

Operational Efficiencies/ Productivity Operational Efficiencies/ Productivity

Use Cases Use Cases

Auto Sector=<6 Months . Auto Sector=6-12 Months
Chemical Sector= 9 Months - ) Chemical Sector= 12-18 Months

Supply, Demand Predictability Use Cases Supply, Demand Predictability Use Cases

Auto Sector=6-12 Months

J Auto Sector=12-18 Months
Chemical Sector= 12 Months — % — Chemical Sector= 18-24 Months

‘ Auto Sector= <6 Months { ) Auto Sector=6-12 Months .
Chemical Sector= <6 Months ~ Chemical Sector=12+Months

E2E and Compliance Use Cases

E2E Traceability and Compliance Use Cases

Auto Sector= 12-18 Months _ Auto Sector= 24-30 Months
Chemical Sector= 18-24 Months ) Chemical Sector= ~36 Months

Source: NASSCOM
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Step-by-Step Guide to adopting Industry 4.0

-~ -
@

01 Understand

Define
the 14.x Strategic
@ Landscape Objectives
Conduct a

i Digital
Monitor, _
Optimize and Xtatunt\;
Innovate ssessment

B9

y

04

Adopting
Industry 4.0

Develop a
Roadmap

<3

Scale and
Integrate

08

Implement :n]\cfest in
Pilot nfrastructure 05
% Projects and
Focus on Technology
Workforce
Development

07
06

@

Educate Leadership and Stakeholders: Begin
by educating your organization’s leadership
and key stakeholders on the concepts,
benefits, and challenges of Industry 4.0. This
includes understanding the key technologies
such as loT, Al, big data, cloud computing,
and robotics.

Benchmarking: Assess where your
organization currently stands in terms of
digital maturity compared to industry
leaders. This will help in identifying gaps and
opportunities.

Create a Phased Implementation Plan:
Develop a detailed roadmap with short,
medium, and long-term goals. Start with
pilot projects to test and validate
technologies before scaling.

Resource Allocation: Allocate the
necessary resources, including budget,
personnel, and time, to ensure
successful implementation

Select Pilot Areas: Choose specific
areas or processes within your
organization to implement pilot projects.
These should be areas where Industry 4.0
technologies can quickly demonstrate
value.

Monitor and Evaluate: Closely monitor
the performance of these pilots, gather
data, and evaluate the outcomes against
predefined KPIs.

: Define clear
strategic objectives that align with your
company’s overall business goals.
Consider how Industry 4.0 can enhance
efficiency, reduce costs, improve
product quality, and create new revenue
streams.

: Prioritize the areas that
will deliver the highest impactin the short
term and can serve as the foundation for
further digital transformation.

Upgrade IT/OT Systems: Modernize your
IT and OT (Operational Technology)
infrastructure to support the integration
of Industry 4.0 technologies.

Adopt loT and Connectivity Solutions:
Implement loT devices to connect
machines, processes, and systems,
enabling real-time data collection and
analysis.

Cloud Computing and Data Analytics:
Utilize cloud platforms and advanced
analytics tools to process large volumes
of data and gain actionable insights.

Expand Successful Pilots: Once the
pilot projects have proven successful,
scale them across the organization,
ensuring that all relevant areas benefit
from Industry 4.0 technologies.

Integrate Systems: Ensure that all new
systems are fully integrated with existing
processes and technologies to enable
seamless operation and data flow.

07 l4.x to 15.x

: Assess
your current technology infrastructure,
workforce skills, and processes. Identify
the gaps that need to be addressed to
support Industry 4.0 initiatives.

: Look for areas
where immediate improvements can be
made, such as integrating sensors on
existing equipment or using data
analytics to optimize production
processes.

Training and Upskilling: Provide training
and upskilling programs to equip your
workforce with the necessary skills to
operate and manage Industry 4.0
technologies.

Change Management: Implementa
change management strategy to ensure
smooth adoption of new technologies
and processes across the organization.

Continuous Monitoring: Implement
systems for continuous monitoring of
performance and efficiency. Use data-
driven insights to optimize processes and
make informed decisions.

Drive Continuous Innovation: Foster a
culture of innovation within your
organization, encouraging the exploration
and adoption of emerging technologies
as they become available.



And gradually maturing into Industry 5.0

Step 1: Understand the Vision of Industry 5.0

eHuman-Centric Manufacturing: Industry 5.0
emphasizes the collaboration between humans and
machines, focusing on a human-centric approach
that enhances creativity, problem-solving, and
personalization.

eSustainability and Resilience: |t also prioritizes
sustainability, social responsibility, and resilience in
manufacturing processes.

!

Step 2: Evaluate Current Industry 4.0
Implementation

eAssess Integration Levels: Evaluate how well
Industry 4.0 technologies are integrated across your
organization. Ensure that the foundational elements,
such as loT, Al, and data analytics, are fully
operational and optimized.

eldentify Gaps: Identify any gaps or areas that need
further development to support the transitionto
Industry 5.0.

Step 5: Integrate Sustainability into
Manufacturing

eCircular Economy Practices: Adopt circular
economy principles by designing products and
processes that minimize waste, enable recycling,
and extend product life cycles.

oEnergy Management and Resource Efficiency:
Continue to invest in energy-efficient technologies
and renewable energy sources. Optimize resource
use to reduce the environmental impact of

Step 3: Enhance Human-Machine
Collaboration

eCollaborative Robotics (Cobots): Introduce
collaborative robots (cobots) that work alongside
human workers to enhance productivity and safety.

e Al-Augmented Decision Making: Use Al and
machine learning to support human decision-
making, allowing workers to focus on complex,
creative tasks while machines handle routine
operations.

07 l4.x to I5.x

manufacturing.

Step 6: Develop Advanced Customization

Capabilities

ePersonalization at Scale: Use advanced
technologies such as Al and 3D printing to offer
personalized products and solutions to customers,
meeting their specific needs and preferences.

oFlexible Manufacturing Systems: Implement flexible
manufacturing systems that can quickly adapt to

changing customer demands and market conditions.

Step 4: Foster a Culture of Innovation and
Co-Creation

eEmpower Employees: Encourage employees to
contribute ideas and innovations, promoting a
culture of co-creation where human ingenuity is
valued and amplified by technology.

eCollaborative Platforms: Implement collaborative
platforms that allow workers, machines, and even
external partners to share ideas and solutions.

Step 9: Monitor, Review, and Adapt

eContinuous Improvement: Regularly review the
progress of your Industry 5.0 initiatives, making
adjustments as needed to stay aligned with evolving
goals and technologies.

oStay Informed on Emerging Trends: Keep abreast of
new developments in technology, sustainability, and
human-centric manufacturing to ensure your
organization remains at the forefront of Industry 5.0.

Step 7: Focus on Ethical and Social
Responsibility

eEthical Al and Automation: Ensure that Al and
automation systems are designed and used
ethically, with transparency, fairness, and
accountability in mind.

eWorkforce Wellbeing: Prioritize the health, safety,
and wellbeing of your workforce by using technology
to create safer working environments and support
mental and physical health.

© 2024 NetworkGain

Step 10: Expand Ecosystem Collaboration

eCollaborate with Partners: Work closely with
technology providers, academic institutions, and
other industry players to drive innovation and share
best practices.

eParticipate in Industry 5.0 Consortia: Engage in
industry consortia focused on Industry 5.0 to
influence standards, share knowledge, and
contribute to the broader manufacturing ecosystem.

Step 8: Build Resilience and Agility

oResilient Supply Chains: Develop resilient supply
chains that can withstand disruptions by leveraging
data analytics, Al, and predictive modeling.

eAgile Operations: Create agile manufacturing
operations that can rapidly respond to changes in
the market, supply chain, or regulatory environment.

Source: Internet
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08 Challenges and Opportunities

Challenges

Challenge: The workforce in many
manufacturing environments may
lack the necessary skills to manage
and leverage advanced digital tools
such as Al, 1oT, and machine
learning.

Opportunity: Workforce upskilling
presents an opportunity to create a
more agile, multi-skilled team
capable of managing both current
and future technological needs,
thereby fostering a culture of
continuous learning.

Workforce skill
Gap

Challenge: The digital
transformation brings a heightened
risk of cyberattacks, especially as
manufacturing systems integrate
with the Internet of Things (IoT) and
other connected devices.

Opportunity: By prioritizing
cybersecurity investments and
adopting a proactive security
posture, manufacturers can not only
protect their assets but also build
trust with clients and partners,
creating a competitive advantage.

NS

Cybersecurity
Risks

Challenge: The move from
digitalization to transformation often
requires substantial upfront
investment in new technologies,
infrastructure, and processes, which
can be a deterrent for manufacturers
operating on thin margins.

Opportunity: Manufacturers can
focus on phased, ROI-driven
investments that deliver gquick wins
and scale gradually, leveraging
technologies like Saa$S or on-
demand platforms to reduce CAPEX

while driving innovation. -! }

Capital
Investment

O O

Legacy system
entrenchment

Challenge: Many manufacturers are
deeply invested in legacy systems
that were builtto manage traditional
operations, making a transition to
more advanced digital ecosystems
slow and costly. These systems are
often incompatible with modern
platforms and replacing them
involves operational downtime and
high expenses.

Opportunity: This creates a pathway
to modernize through cloud-based,
modular systems that allow for
seamless integration of new
technologies without complete
overhauls.

Siloed Data
and Operations

Challenge: Many manufacturers
operate in silos, with disconnected
systems and data pools, making it
difficult toimplement organization-
wide transformation efforts.

Opportunity: Breaking down these
silos opens the door to integrated
platforms and real-time data
visibility, providing manufacturers
with the insights needed for
predictive maintenance, demand
forecasting, and end-to-end supply
chain visibility.

Change Management and
Organizational Resistance

Challenge: Organizationalinertia is
often the biggest hurdlein
transformation initiatives.

Resistance to change, particularly in

long-standing manufacturing setups,
can delay or derail transformation
efforts.

Opportunity: Effective change
management strategies, clear
communication of vision, and
leadership alignment can shiftthe
mindset from short-term digital
initiatives to long-term
transformation goals, fostering a
culture that embraces change and
innovation.

%5

Supply Chain
Complexity

Challenge: Transforming
manufacturing processes often
involves restructuring the supply
chain, which is already complex and
impacted by geopolitical factors,
logistics constraints, and demand
volatility.

Opportunity: Leveraging Al,
predictive analytics, and blockchain
can optimize supply chainvisibility,

reduce risks, and enhance
resilience, enabling manufacturers
to respond dynamically to global
disruptions.



08 Challenges and Opportunities

Opportunities

End-to-End Digital Thread

By fully transforming operations,
manufacturers can establish a
"digital thread" across the value
chain—connecting design,
engineering, manufacturing, and
post-sale services—enabling end-
to-end visibility and operational
efficiency.

2024 NetworkGain

Adoption of 14.x and

Smart Manufacturing

Transformation enables the integration
of Al, loT, and automation
technologies, leading to smart
manufacturing systems that reduce
waste, improve operational efficiency,
and enhance flexibility in production.

Q)

Customer-Centric

With digital transformation,
manufacturers can respond more
quickly to changing customer demands
through mass customization, rapid
prototyping, and personalized
production, creating new revenue
streams and stronger customer loyalty.

Sustainability Initiatives

The shift enables manufacturers to
adopt greener practices, reducing
energy consumption, waste, and carbon
footprints, which align with global
sustainability goals and improve brand
reputation.

Data-Driven Decision
Making

Manufacturers can leverage advanced
data analytics and Al to optimize
operations, predict equipment failures,
and fine-tune supply chains, leading to
improved productivity and reduced
downtime.
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The Time to Transform is Now!

The manufacturing sector stands at a critical
inflection point where the path from
digitalization to transformation is no longer
optional, but a strategic imperative for
sustainable growth, competitiveness, and
long-term resilience. As the industry moves
from isolated digital initiatives to holistic
transformation, manufacturers must realize
that the journey demands not just
incremental upgrades, but a paradigm shift in
operations, technology, and mindset. The
transition is complex, but the rewards—
enhanced operational efficiency, agility, and
market leadership—are undeniable.

The Urgency of Embracing Transformation
In today's fast-paced, highly competitive
landscape, manufacturers that cling to
traditional systems and processes risk being
left behind. The convergence of IT and OT
(Operational Technology) is already
redefining the production floor, and the lines
between the physical and digital worlds
continue to blur with the advent of Industry
5.0. In this new era, where human-centric
technologies like Al, robotics, and machine
learning coalesce, manufacturers must

reimagine their operations to unlock
unprecedented value.

Transformation is no longer about merely
digitizing processes; it's about leveraging the
full spectrum of emerging technologies to
drive end-to-end innovation. From predictive
maintenance and smart factories to data-
driven supply chains and sustainable
production practices, the manufacturers of
tomorrow must be nimble, adaptive, and
proactive in their approach.

A Call to Industry Leaders: Prioritize and
Initiate the Shift
The shift from digitalization to
transformation cannot happen in isolation. It
requires a unified, strategic vision, supported
by the entire organization—from the C-suite
to the factory floor. Executives must
champion this transformation, not just as a
technology initiative but as a core
component of their business strategy. The
shift demands:
o  Commitment to a clear, forward-
thinking roadmap that focuses on
scalable technologies and agile

processes.

. Collaboration across departments to
break down silos and foster cross-
functional innovation.

. Investment in both digital
infrastructure and talent development
to ensure a workforce that is prepared
for the future.

Transformation doesn’t happen overnight,
but it begins with a decisive first step.
Manufacturers that act swiftly and decisively
in this shift will be better positioned to
capitalize on the opportunities presented by
Industry 4.0 and 5.0, while also weathering
future disruptions.

Leveraging Strategic Partnerships

One of the most critical success factors in
this transformation journey is choosing the
right partners. No organization can achieve
such a large-scale shift alone. Manufacturers
must collaborate with experts who
understand the intricacies of both the
technology landscape and the specific
challenges faced by the manufacturing
industry.

09 Conclusion

This is where companies like Petrus
Technologies play a vital role. Petrus
Technologies is uniquely positioned to help
manufacturers navigate the complexities of
transformation, offering tailored solutions
that bridge the gap between traditional
operations and advanced digital ecosystems.
From guiding digital strategy and managing
the OT-IT convergence to implementing
smart manufacturing solutions, Petrus
Technologies brings the expertise and
strategic insight needed to ensure success.

Now is the moment for manufacturers to
act—accelerating technology demands swift,
decisive transformation to stay competitive.
Those who delay risk falling behind, while
those who embrace this shift will lead the
next industrial revolution. Success in
manufacturing today isn't about keeping
pace, but about using transformation to
surpass the competition, enhance resilience,
and create value. To thrive in this era, bold
leadership and strategic partnerships are
essential.

START YOUR TRANSFORMATION
TODAY






10 Call to Action

Cultivate a culture of
transformation by actively
involving leadership at all
levels and communicatinga
clear, compellingvision of the
future. Ensurethatchange
managementis a core
componentofthe

Accelerating the shift

Focus on flexible, cloud-based
platforms that allow incremental
investments and integration
across theorganization.
Technologies like Al, 10T, cloud,

and automation should be
leveraged to create smart, transformation strategy to
connected ecosystems. drive buy-in and mitigate
resistance.

Champion Change
Management

Invest in Scalable and
Flexible Technologies

ofln

000
M

At ]

Develop a Holistic

Transformation Roadmap
Manufacturers must assess their
currentdigital maturity and

Upskill the Workforce

Proactively investin upskilling
initiatives to build a workforce
adept at navigatingthe new

Create a Data-Driven

Culture

Focuson building a strong
foundation of data management
and analytics to drive informed

As digital transformation
accelerates, prioritize
cybersecurity investmentsto
protectcritical infrastructure.
This includes implementing
real-time monitoring, incident
response protocols, and
robustgovernance
frameworks.

Strengthen
Cybersecurity Posture

Leverage Ecosystem
Partnerships

Manufacturers should actively
seek partnerships with
technology providers, startups,
and even competitors to drive

decision-making. Break down

innovation. Collaborating within

develop a clear roadmap that
aligns with theirlong-term

digital landscape. Offer training
in digital tools, analytics, and

silos, centralize data sources,

an ecosystem can enhance

business objectives. The
emergingtechnologies to foster

and empowerteams to utilize
real-time insights for continuous

capabilities, reduce costs, and

transformation journeyshould

prioritize high-impact areas and

align with both operationaland
financial goals.

2024 NetworkGain

agility and innovation.

improvement.

expedite transformation efforts.
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For those interested in further reading, we've

compiled a comprehensive list of the sources

and references used throughout this report.
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resource for deepening your understanding
of the topics discussed and exploring
additional insights from industry leaders.
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petrus

Petrus Technologies, headquartered in India, is a leader in sustainable
manufacturing solutions, smart technologies, and engineering services. With a
team of over 250 skilled professionals, we specialize in Manufacturing Execution
Systems (MES) and advanced solutions that drive operational efficiency. Beyond
service delivery, we partner with clients to define and achieve strategic goals,
focusing on innovation, sustainability, and real-time operational control. Our
expertise in Industrial loT and automation ensures optimized processes, reduced
waste, and responsible resource management, making Petrus a trusted partner for
industrial excellence.

For more information: info@petrustechnologies.com

http://www.petrustechnologies.com

NET WQ)RKGAIN

NetworkGain Consulting is a premier BizTech strategy firm dedicated to
empowering organizations through innovative technology and strategic guidance.
Leveraging deep industry insights and cutting-edge research, we deliver
transformative outcomes across cloud migration, cybersecurity, data analytics,
custom software development, and digital transformation. Trusted by a diverse
range of clients, we pride ourselves on solving complex challenges and unlocking
new growth opportunities. At the forefront of digital innovation, our passionate
team helps clients optimize operations, navigate the evolving tech landscape, and
achieve sustainable competitive advantage
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