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Understanding the Three Stages of
Industry 4.0 Adoption

Summary:
Although the term “Industry 4.0” has been around for over a decade, there has not been
the explosion of “Smart Factories” promised by futurists. This is because Industry 4.0 is
not a singular event or mix of technologies, but a revolution occurring in three stages:
The Aspirational Stage, The Reactive Technology Stage and the Proactive Technologies
Stage. Most manufacturers are now moving beyond the Aspirational Stage and are asking
detailed questions about how, exactly, to get pilot projects off the ground.
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Why Doesn’t the Future Look Like the Future?
Look back at any predictions made by “futurists” from several decades ago. Whether fictional or not, depictions of the future
were often filled with things like flying cars, house-keeping robots and day trips to the moon.
Notice that, today, we have none of those things (we have only just developed robots that can vacuum a single room).
But what society does have is several technologies that the futurists never did, and never could, predict: Flat screen TVs.
Computers you can fit into your hand, connecting to a vast world-wide network. Velcro.
This difference—between what futurists hoped for, and what has been developed—is remarkably similar to where
manufacturers are when it comes to Industry 4.0. The futurists predicted a lot of great things, but the actual technologies
being used in Industry 4.0 implementations are smaller and less ambitious… and yet more powerful (and profitable) than we
could have hoped.
So why are we not yet seeing the “smart factories” that would run in the dark with no human beings present that were
promised by futurists? Why are so many industry leaders at a loss when trying to figure out where to start with Industry 4.0
technologies?

“Industry 4.0:” A Mishmash of Definitions and Technologies
Why Doesn’t the Question “What is Industry 4.0” Have a Simple, Straightforward Answer?
The term “Industry 4.0” has been in use for since the Hannover Trade Fair in 2011,
when it was introduced by a workgroup headed by Siegfried Dais (Bosch GmbH)
and Henning Kagermann (German Academy of Science and Engineering). (The term
“Smart Factory” was introduced at this time as well.) Since then the idea has been
widely studied, explored and promoted, with such large and well-known companies
as IBM, Deloitte, Ericsson and more getting into the game.
The main idea was that several co-occurring advances in technology will, over a
relatively short period of time, radically change the way things are done. When this
happens, society undergoes a sort of technological revolution.
The first revolution is what we think of as the industrial revolution: Steam powered
Industry
1.0
2.0
machines replaced much manual labor in factories and
transportation.
AIndustry
second
revolution came once electricity and internal combustion were introduced. The
third came in the twentieth century, with modern electronics and atomic power.
Industry 4.0 is a recognition that we are currently undergoing a fourth such
revolution with modern information technology.
When one encounters a term that has been around for almost decade, one
production
Mechanization,
would expect there to be a simple, concise definition
that all parties canMass
agree
and electricity
steam and water
to (and perhaps a few go-to examples). But that does power
not seem to be the case
with Industry 4.0. Instead, we have a set of overlapping but not-quite-identical
definitions that tend to be more like lists of emerging technologies than any single
trend or revolution. (See box 1.)
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This is typical of a situation where a term is used to introduce a feel or zeitgeist rather than a technology, process, strategy or
movement. Technological revolutions are not discreet events; they are spread through time and involve many, many smaller
incremental changes. Various changes are adopted by different players at different times, making for an uneven landscape of
technical innovation.
Thus, there is no one “Industry 4.0” change or technology for facilities or companies to make. A small plant installing sensors
on a single kiln can be “doing” Industry 4.0 just as much as a network of automated factories connected through the cloud.
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But that is not to say that anything goes: There are certainly some core technologies, approaches and concepts involved.
When we take a deeper dive into these, what we notice is that Industry 4.0 really comes in stages. Because the technologies
and approaches involved vary so widely, it is natural for different organizations to be at different stages of Industry 4.0
development.
This paper, then, is an attempt to outline those stages, in the most general terms possible. Such an overview can help
organizations understand where they are in Industry 4.0 development and readiness while appreciating that the journey will
not look the same for every industry and company.

Different Definitions of Industry 4.0

Box 1

Industry 4.0 refers to a new phase in the Industrial Revolution that focuses heavily on interconnectivity, automation,
machine learning and real-time data. – Epicor
The concept of Industry 4.0 incorporates and extends digital connectivity within the context of the physical world in
digital enterprises and digital supply networks. – Deloitte
Industry 4.0 is the term used in the modern manufacturing world to denote the fourth industrial revolution,
characterized by the widespread use of cyber-physical systems…Industry 4.0 is characterized by the level of
automation that we have achieved, where machines can often largely govern themselves, in many ways by using
internet technologies, or “the Internet of Things.” Other features of Industry 4.0 include the use of cloud technology
and the importance of big data. – GES Repair
Industry 4.0 swaps low intelligence computers and humans with machine learning, autonomous systems and
robotics. – Schneider Electric
The Fourth Industrial Revolution (or Industry 4.0) is the ongoing automation of traditional manufacturing and industrial
practices, using modern smart technology. Large-scale machine-to-machine communication (M2M) and the
Internet of Things (IoT) are integrated for increased automation, improved communication and self-monitoring, and
production of smart machines that can analyze and diagnose issues without the need for human intervention.”
– Wikipedia

All these definitions have many things in common, but they are different enough that we can say
with confidence: There is no one definition of Industry 4.0.
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Smart Manufacturing, Smart Factories
Often, the terms “Industry 4.0” and “Smart Manufacturing” are used synonymously. While that usage is mostly harmless,
we will reserve the former term for the series of events and changes (the “revolution”) and reserve the latter term for the
actual practices on the ground. Likewise, “Smart Factories” will be reserved for the actual factories that incorporate these
technologies.
Smart factories, in their most ideal form, are highly
digitized and connected environments. Machines
on the floor (and below the floor) communicate with
cloud resources and with each other. In doing so, they
become both more automated and more efficient, in
an ongoing process of self-optimization.
When that self-optimization is no longer contained
to just machines in a factory, but spills out into
supply chain logistics, maintenance and even
long-term planning, we have the practice of smart
manufacturing. Smart manufacturers are sharing
and using data across their facilities and eco-system
to make end-to-end processes more efficient and
seamless.

Stage 1 – The Aspirational
Stage
The first stage of Industry 4.0 adoption is the
Aspirational Stage. In this stage, technologies are
identified which hold out some promise for disruption
and innovation for a given industry. Some use cases might be imagined, but without sufficient deployment and testing, there
are relatively few concrete examples for showcasing those technologies. Hence the name: Much of the discussion at this
stage tends to be just aspirational.
That said, the Aspirational is not all about “hope and hype.” The Aspirational Stage is where facilities will begin investing in the
technologies that will make further stages possible and might even begin some pilot projects to prove value.
While this first stage is necessary, it is possible that organizations get stuck here. This can be because the technologies
themselves are still relatively new, but not always. Many of the technologies thought to be critical components of smart
manufacturing are fairly far along in the Gartner Hype Cycle.1 The Gartner Hype Cycle is a graphical representation of the
maturity, adoption and application of specific technologies according to a predictable cycle: Technology trigger, inflated
expectations, disillusionment, enlightenment and steady adoption/productivity. Yes, technologies that are still under
development but over-hyped tend to be at the peak of inflated expectations, and these would obviously be aspirational in
character. For more information regarding the Gartner Hype Cycle, please visit Gartner.com.
But this is not true across the board. Cloud technologies, for example, have been widely adopted and proven to be part of
productive strategies. The same can be said for data analytics and very specific cognitive technologies. What is missing, then,
is simply a clear understanding of the objectives and steps to implementation.

Which Technologies Make for Smart Factories?
As we saw above, some technologists define Industry 4.0 with little more than a listing of the technologies involved. We
believe that no one technology is necessary to begin the move towards smart factories. Indeed, moves toward Industry 4.0
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start with small pilot projects. But there are some technologies that, together, form a kind of “critical mass” for enabling fully
smart factories.
The Industrial Internet of Things (IIoT) - Smaller, cheaper, more accurate sensors are making their way into industrial
machines and equipment. These sensors can then be added to networks, often wirelessly, allowing these sensors to gather
and share data.
“Big Data” and Analytics - Having all that data is
one thing; being able to process it and turn it into
actionable insights is quite another. This is where Big
Data and analytics become useful. Advanced analytic
techniques have been developed over the last few
decades, and these can now be used on exceptionally
large, diverse data sets. This data can be structured,
semi-structured or unstructured, allowing for flexibility
of analysis and data sources.
Autonomous Robots - The robots being used in
modern manufacturing plants today not only have
a greater range of capabilities but are also capable
of performing series of tasks with little-to-no human
input. Some are even able to work side-by-side with
humans safely, with much richer interactions.
Improved Cloud Capabilities - Cloud enabled
computing and storage have been around for
decades. Applied to smart manufacturing, the cloud
allows a safe, reliable central processing capability for
smart manufacturers.
Edge Computing or “Intelligent Edge” - Even with
all the promise of cloud computing, it has become obvious that some tasks carried out by machines require fast processing
of data about local conditions. This has led to a two-tier approach to computing, where some computing is done on the floor
or “at the edge,” while more comprehensive analytics are done in the cloud.
Additive/On-Demand Manufacturing - For most, “additive manufacturing” and “on-demand” manufacturing refers to
3D printing. While many manufacturers have put 3D printers to good use in their facilities for things like prototyping and
customization, these ideas are much broader: Manufacturers are now envisioning processes where design, planning,
materials handling and actual manufacturing are all automated and easily customizable upon order.
Artificial Intelligence/Cognitive Technologies - Artificial intelligence used to be a technology where the dreams of
futurists far out-stripped what was possible with the technology. But researchers have made great strides in the past few
years creating systems that can run domain-specific cognitive tasks, like computer vision, machine learning, natural language
processing, speech recognition and decision making. Systems like IBM’s Watson, Microsoft’s Project Oxford and Google’s
DeepMind are all examples of this technology in use by businesses today.

Stage 2 – The Reactive Technology Stage
What is an hour of shop-floor downtime worth to a manufacturer or facility? The number varies, but it has been on an upward
trend for years as facilities become more productive. According to a recent study by ITIC, an 86% of businesses say that the
cost for one hour of downtime matches or exceeds $300,000.2
It should not be surprising, then, that predictive maintenance is often one of the first types of smart factory applications to be
used at scale. The sheer cost of unplanned downtime helps to justify the investment.
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For example, sensors placed in a chamber at crucial step in an industrial process can track
temperature and pressure in real time. Over time, machine learning algorithms applied to the data
collected pick up on a trend: There is a slow fall in pressure and temperature over a period that
reliably signals the failure of a given part. An alert is then created to inform an engineer when the
next such drops occurs. This allows the engineer to make a quick parts swap at a convenient
time (such as between production runs), thus avoiding a much more expensive part failure and
subsequent unplanned downtime.
Another example: Bar codes and scanners are used to track inventory through a warehouse. After
several months, a central system can predict item order velocity accurately, and registers when only
a couple of weeks’ worth of stock is left for a specific SKU. This triggers an order with the supplier,
who can fulfill the order and replenish the stock just in time to avoid delays.3
The examples have several things in common. They are both cases where a company can use their technology to be
more efficient, specifically through avoiding unwanted scenarios (part failure, back orders). Both require a wireless network,
widespread use of sensors and appropriate analytics and alerts when conditions have been met.

Design Principles of Industry 4.0

Box 2

The examples given in the text are a good demonstration of design principles at work in Industry 4.0. In 2015,
researchers Mario Hermann, Tobias Pentek and Boris Otto did an extensive literature review of papers talking about
Industry 4.0 and Smart Factories; they noticed that there were six key design principles at work:
Interoperability - Workpiece carriers, assembly station and products are all able to communicate with each other
through networks.
Virtualization - Physical processes were monitored and simulated, creating a kind of “virtual copy” of the physical
world (what is sometimes referred to as a “digital twin”).
Decentralization - Embedded computers enable equipment to be smarter, and so central planning and control is
only needed in cases of failure.
Service Orientation - Equipment (and people) are accessible from several points, even remotely.
Real-time capability - Data is collected and analyzed in real time.4

What these examples also have in common is that the uses to which the technology is put is fairly
reactive. It is avoiding a state of affairs and using technology to do so earlier and better.
In the reactive stage of Industry 4.0, technology is not simply spoken of as an aspiration, but
deployed in useful, cost effective ways. However, it is not yet fully realizing that full potential of all
that technology combined. Doing so requires a mindset shift in the business itself, which helps to
usher in the third stage.
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Stage 3 – The Proactive Technologies Stage
Like the Reactive Technology Stage, the Proactive Technologies Stage is deploying Industry 4.0
technologies at scale in a way that brings value to the organization. The difference is in usage—those
technologies are being used not just to react to conditions on the floor, but plan, optimize and even
create.
A metaphor might help to make the difference a little clearer. Many cars these days have an indicator
light that will signal when it is time for an oil change. The sensors attached to that indicator are
getting more and more sophisticated, to the point where they can predict the need for an oil change
a thousand miles ahead of time with a fair degree of accuracy. Those sensors help prevent the kinds
of adverse scenarios that could well happen when oil is not changed regularly. The sensors help the
operator to be more reactive—reacting sooner to a change in oil quality.
What happens if the indicator light were to go off every thousand miles? The operator will know about it and will be able to
act. But, from a strategic standpoint, the operator would want to discover why the indicator was going off so often…and
then take steps to try and increase the interval between oil changes.
This is a much more proactive approach. Instead of simply detecting when a change is needed, the operator can keep
records of when the change is needed, what conditions lead up to it, what changes influenced it and what happened
subsequently. In this oil change scenario, perhaps the indicator is being overly cautious, and the extent of the oil’s life can
be extended before a change. Perhaps driving conditions are ruining the oil prematurely, or perhaps a different oil is needed.
Once the patterns have been detected, proactive steps can be taken to further optimize the system.
Extending this metaphor to industry, we can identify several potential areas or Stage 3 Industry 4.0 change:
• Smart grid technologies (in the energy sector)
• Lengthening predictive maintenance cycles for equipment
• Smart scaling of facilities to handle sudden influxes of work
• Modeling and re-arrangement of process steps in a model to find optimal configurations
• Detailed upstream troubleshooting for quality assurance
• Business intelligence and decision support

Industry 4.0: Getting Started with Smaller Pilot Projects
Again, not every industry, or every company in an industry, will be at the same stage of Industry 4.0 development. Some
might still be starting out at Stage 1, while others are reaping huge benefits via Stage 3 projects.
For the early adapters that have found their Stage 2 and Stage 3 applications, there has likely already been a huge pay-off:
Survey data collected by Deloitte suggests that businesses with a comprehensive Industry 4.0 strategy are becoming “far
more successful across the board,” and are innovating more and growing faster.5
All that said, most companies are not there yet—they are just evolving from Stage 1
aspirations to launching pilot projects. These pilot projects are usually smaller in scope, and
only involve a few of the Industry 4.0 technologies mentioned. Still, they are often enough to
achieve some return on investment and prove the general concept.
Such pilot projects often require investment in:
Sensors - Sensors are critical to Industry 4.0 solutions, since they are often at the tip of
the spear detecting system information that becomes the data required that can lead to
improvement ideas. Industry experience is critical at this point, as proper implementation
requires knowing where to put sensors, what to “listen” for and so on.
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Smart Controllers - To collect and react to data in real time, multiple
sensors need to be connected to smaller, more powerful control devices.
These controllers need to have the ability to store data, or route it to
other systems as needed. Controllers should be easy to program so they
can accommodate specific applications and any learning that occurs
over time.
More than “Moving Parts” - Most examples of Industry 4.0 projects in
the Stage 1 aspirational literature have to do with equipment, materials
or product literally moving from place to place. This is likely the result of
such examples being easier to visualize—something that is critical when
talking about technology that has not yet been widely implemented.
But there are many aspects of a process that can be monitored and
controlled even though they are not visible from the outside: Temperature,
pressure, electrical current, fluid flow and so on. Incorporating and/or measuring thermal processes, for example, can yield
important insights into a system that have relevance for waste-build up (coking) and maintenance cycles.
In many of these cases, pilot projects do not require a heavy investment in large, interconnected systems and technologies.
They often start on a smaller scale, providing insights and proving that the approach is profitable. This is true whether the
organization is a large, multi-national conglomerate or a smaller family owned organization.
What this means is that, even at Stage 3 of Industry 4.0 adoption, most projects will start with small investments in more
current Industry 4.0-capable equipment. It is these types of investments that are more common nowadays—as opposed to
an army of interconnected smart factories filled with autonomous robots.
To be clear, aspirations are a good thing. The engineers of today were often inspired by those pictures of flying cars and
housekeeping robots that they saw as child. Likewise, aspirational talk about what Industry 4.0 can do is a good thing, too.
But getting started with industry 4.0 will look a lot less like flying cars and a lot more like Velcro: Smaller, more practical and
more likely to stick around.

Further information is available at: www.watlow.com
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