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Introduction

The 4th Industrial Revolution (Industry 4.0) has been picking up 
steam since about 2015. This new take on manufacturing brings 
the digital and physical together through data. By advancing 
data capture and analysis at the edge and by unlocking new 
levels of analytic insight through high-performance computing 
(HPC) applications, Industry 4.0 paves the path for new 
advances in the manufacturing sector.

Recent events, including the COVID-19 pandemic and supply 
chain disruptions, have made it clear that manufacturers 
around the globe need to increase the pace of their digital 
transformation. The 2021 State of Manufacturing Report 
revealed that 91% of manufacturers are increasing their 
investments in digital transformation—and 95% agree that 
digital transformation of manufacturing is essential to their 
company’s future success.1
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A critical area of focus for implementing Industry 4.0 and smart 
factories is the convergence of operational technology (OT) and 
information technology (IT). According to a Gartner survey, 71% 
of the respondents who have integrated at least one IT system 
with an OT system state that their organizations are well on their 
way to improving equipment reliability and maintenance.2

This guide discusses five critical areas to help ensure that 
your digital transformation efforts produce the most benefits: 
improved operational efficiencies, increased production, safer 
environments and enhanced resiliency. 
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1. Prepare for a private  
5G network

Current wireless technologies, such as Wi-Fi and Bluetooth, 
were not designed for industrial operational reliability, latency, 
throughput and security. In addition, wired networks have their 
challenges, including being expensive to expand and incompatibility 
with machines (like robots) that move.

5G offers faster speeds, greater throughput, lower latency, 
and projected higher reliability compared to existing wireless 
technologies. Nearly all manufacturers (91%) believe that 5G 
connectivity will be important to the overall future of their business.3 
A private 5G network uses domestic bandwidth that can handle 
time-sensitive networking (TSN) between devices—helping 
synchronize factory floor operations down to the millisecond to 
improve productivity and safety. 
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A private 5G network can facilitate better OT/IT 
convergence. Traditionally, factories operate multiple OT 
devices, all provided by different vendors who use their own 
communication protocols. 5G creates universal connectivity 
so all devices—including those that are mobile—can be 
more easily and transparently connected and can engage in 
autonomous machine-to-machine (M2M) communication. 
5G can also provide reduced latency for real-time artificial 
intelligence (AI) and analytics and distributed cloud, where 
workloads are placed closer to the edge for a better quality of 
service. A private network means that data stays on-premises, 
potentially enhancing security and privacy.

A small sampling of potential manufacturing 5G use cases 
includes the following: reconfigurable production lines 
for greater factory flexibility, assembly line monitoring for 
better quality assurance, manufacturing process analysis for 
improved operational efficiency, remote control of machinery, 
and advanced robotics for enhanced safety and cost efficiency, 
and predictive maintenance for less unplanned downtime.4

Take These Five Crucial Steps to Accelerate Your Digital Transformation 6



Adopting 5G won’t happen overnight—it’s a journey that will 
continue for several years, as telecommunication service 
providers, standards bodies and industry associations, regulators 
and equipment manufacturers work together to bring 5G to 
maturity.5 To prepare for 5G connectivity:

• Identify your organization’s most important use cases, and 
then explore how a private 5G network can support those use 
cases. Depending on your particular pain points, examples 
of use cases could include inventory tracking, facility 
security, warehousing and logistics, inspection and assembly, 
packaging and even employee training. 

• Consider joining the 5G Alliance for Connected Industries 
and Automation (5G-ACIA) to stay abreast of recent 
developments and opportunities.

• Also, plan for how you will collect, move and share data around 
the network.
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2. Review your 
data strategy

Data is the fuel that powers Industry 4.0 and smart factories, and 
it is the glue that meshes the physical aspects of the factory with 
the digital aspects. Of course, factories have always created vast 
amounts of data—from factory floor tools to monitoring systems 
and yield reports. But collecting, organizing and applying that 
data has always been a challenge. 

Advanced technologies such as machine learning and AI, 
analytics and workload convergence support smart factory use 
cases like product process optimization, robotic automation, 
sustainable production and manufacturing connectivity. These 
technologies—and the use cases they enable—all depend on 
data. Therefore, it’s important to have a methodology and 
governance in place for how your data will be captured, labeled, 
analyzed and acted upon. 
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Here are some tips for strengthening your data strategy:

• Establish goals and objectives before thinking about tools and 
technology.

• Conduct a data inventory—the data you already have and the 
data you need to reach your objectives.

• Consider how your infrastructure—OT and IT—maps to  
the data and define a roadmap of necessary modifications.  
For example, can all the factory floor tools communicate with 
the central data lake? Do you need to invest in software-defined 
networking (SDN) to automate the data lifecycle?

• Avoid creating data silos, especially between OT and IT.

• Plan for data protection, retention and governance, 
considering both the factory’s business needs and 
governmental regulations.
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• Optimize each stage of the data lifecycle

-     Ingest: Sources can include Industrial Internet of Things 
(IIoT) sensors, network telemetry, log data and video data 
from computer vision applications; data can be either 
structured (such as in inventory database) or unstructured 
(such as sensor data).

-    Store: Plan cleaning and normalizing data and consider 
what applications will access the data to ensure that 
storage media meets application needs.

-    Analyze: Choose hardware and software that can turn 
raw data into actionable insights. As IT and OT converge, 
HPC for manufacturing allows manufacturers to deploy 
modeling and simulation workloads on distributed HPC 
systems—both in the cloud and on-premises—to help 
enhance product design, identify production challenges, 
and improve business results.

-    Act: Be prepared to tune solutions to be more accurate 
and use visualization tools that support drill down and root 
cause analysis.
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3. Have an open platform 
that includes AI and open 
source solutions

The factory floor is a complex environment, with many machines 
and tools from a wide variety of suppliers. Creating a smart factory 
where everything is connected raises interoperability challenges. 
That is the reason that manufacturers usually prefer open-source 
hardware and software solutions over proprietary solutions. 
Solutions based on standards and open architectures are more 
scalable. For example, algorithms and solutions can migrate from 
one use case to another, or if a new tool is added, it can easily be 
integrated into the network and analytics framework. Beyond 
improving interoperability, open-source Industry 4.0 solutions can 
also reduce costs and encourage innovation through the  
open-source community.
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Open-source software like Python, Spark, Solr and PyTorch are 
free of charge and have active communities that can help with 
implementation and use-case-specific modifications that might 
be necessary. Pretested and validated reference designs for 
infrastructure implementations can accelerate the deployment 
of Industry 4.0 platforms.

The following guidelines can help manufacturers choose and 
implement open, flexible Industry 4.0 solutions:

• Consider interoperability across interfaces, data and 
communication protocols.

• Get involved with standards organizations to both stay 
informed and provide input on developing standards. 
Examples of organizations include the International Society of 
Automation (ISA), the International Standards Organization 
(ISO) and the Industry 4.0 Advanced Manufacturing Forum.
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4. Build a strong talent 
base to gain insights 
from your data

Discussions of digital transformation often focus on technology 
and processes. But even the smartest factory needs people. 
Therefore, no factory’s digital transformation strategy is 
complete without considering change management, culture 
cultivation and opportunities for upskilling existing staff and 
onboarding additional skill sets. Transforming your factory into 
an Industry 4.0 smart factory means the traditional lines between 
OT and IT no longer exist. OT staff need to consider traditional IT 
areas like network and storage, while IT staff need to know how to 
integrate IT infrastructure with sensors and factory floor tools. 
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According to Deloitte, finding qualified talent with the right skills 
is 1.4 times harder than in 2018.6 Manufacturers looking to adopt 
IIoT, AI and machine learning, advanced analytics and edge 
computing can take the following approaches to transform the 
workforce as well as the workplace:

• Educate workers on the factory floor about the benefits of the 
new solutions being implemented and reassure them that IIoT, 
AI and machine learning will free them from manual, tedious 
tasks so they can more effectively contribute to the business’s 
overall success.

• Consider forming communities of excellence where workers 
can share best practices and encourage employees to take 
advantage of online educational resources for technologies 
like 5G and IIoT.

• Explore virtual and augmented reality training options that can 
accelerate learning.

• Verify that you have access—either in-house or via third 
parties—to the right expertise and skills to successfully build 
and implement new use cases. For example, necessary 
skills could include technology implementation like network 
architecture, data science skills like algorithm development 
and DevOps skills like application development.
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5. Capitalize on  
Intel’s expertise

Intel’s flexible solutions, extensive ecosystem and focus 
on convergence make it possible to consolidate data and 
applications at the edge at a lower total cost of ownership 
(TCO), driving the deployment of intelligence everywhere and 
helping companies realize the power and increased efficiency of 
Industry 4.0. 

The Intel ecosystem offers tools, libraries and a network of 
specialist solution providers to help in-house teams develop the 
algorithms and solutions they need. Intel’s Industry 4.0 solutions 
and IIoT solutions are designed to be open to allow organizations 
flexibility. Here are some specific offerings from Intel that can 
jumpstart your factory’s digital transformation:
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• Take advantage of Intel® IoT Market Ready Solutions, which are 
adaptable, vetted and ready for immediate implementation.

• As part of the Intel® Partner Alliance, the IoT Solutions 
Community offers curated resources designed to keep you up to 
speed on what’s happening in IoT and access the partners, tools 
and training you need. 

In addition, Intel offers an integrated, standards-based software 
and hardware stack that makes it easy to build and deploy private 
5G networks in manufacturing facilities. For example, read this case 
study to discover how a large manufacturer in Italy is collaborating 
with Intel on 5G in the factory.

Whatever the use case—predictive analytics, predictive 
maintenance, operational monitor, digital security, industrial 
PCs and more—Intel can help manufacturers uncover insights, 
accelerate innovation and create a connected, responsive and 
intelligent operation.
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Get started!

You’ve heard about the benefits of converging the physical 
with the digital through Industry 4.0. Who wouldn’t want to use 
automation and optimization to boost productivity and reduce 
costs? Other benefits include increasing work safety, accelerating 
supply/demand response for a real-time supply chain, minimizing 
downtime with predictive maintenance, enhancing product quality 
and yield, and attracting and retaining best-in-class talent. 

But despite all these potential benefits, some manufacturers are 
wary of taking the plunge into digital transformation efforts.  
Won’t they cost too much? What if they disrupt operations?  
What if they fail? These concerns can be mitigated by using the 
tips and guidelines presented here. Especially important is to begin 
by identifying a single, confined use case—something small with 
easily demonstrable business value. Use this to test the waters and 
then scale from that over time. 
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Further reading:

Get started today with this checklist:

• The Meaning of IT/OT Convergence with IDC and Intel 

Identify strategic objectives then develop key performance 
indicators (KPIs) based on those objectives.

Choose one or two small problems inside the production facility 
and resolve them using the digital framework while ensuring 
that the problems match the established strategic KPIs.

Understand that one or two projects may not deliver direct 
financial benefits by themselves—they set the stage for 
significant, continuous process improvement.

Build a passionate team that can fail fast and isn’t afraid to 
learn from mistakes.

Use as open a platform as possible so that the investments 
you make for one use case can migrate to other use cases in 
the smart factory.
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Speak to your Intel 
representative today about 
how Intel can help further 
your Industry 4.0 journey.
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Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy. 

Intel technologies may require enabled hardware, software, or service activation. 

No product or component can be absolutely secure. 

Your costs and results may vary.  
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