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Dave Durocher, Eaton, USA, investigates Industry 4.0 
and asks the question: how do we get there?

H ave you noticed of late that nearly every mining 
industry conference and periodical is now 
actively promoting digital transformation and 
focusing on Industry 4.0? One recent industry 

conference offered its participants technology updates on a 
broad array of topics, including smart sensors, artificial 
intelligence, robots and drones, augmented and virtual reality, 
cybersecurity and additive manufacturing. According to the 
World Economic Forum, by 2025, the global mining and 
metals industry will benefit from digitalisation by delivering 
more than US$320 billion in industry value, reducing CO2 
emissions by 610 million t, and preventing 44 000 injuries, 
saving as many as 1000 lives. It sounds like wonderful things 
are coming to the global mining industry, but what do these 
changes really mean and how can the industry execute to take 
advantage of this paradigm shift? 

Do not feel badly if you missed the first three revolutions 
– most of us were not around back when these took place. For 
the record, the First Industrial Revolution was in the late 18th 
century when steam engines and hydraulic power enabled 
power generation that drove early gains in productivity and 
industrialisation. The Second Industrial Revolution was in the 

early 20th century when the commercialisation of electricity 
transformed manufacturing – the assembly line was born and 
electrical energy drove staggering gains in productivity. The 
Third Industrial Revolution began in the 1970s and ended 
around the year 2000 when computers and the internet 
enabled automation, delivering instant access to information 
used for enhanced decision-making. Today’s Fourth Industrial 
Revolution is characterised by a transition from the manual, 
sequential value chain in manufacturing to an information 
rich digital core enabled by new developments in smart 
sensors, cloud computing and the Industrial Internet of 
Things (IIoT).

It is not that simple
Clearly, the world has now entered our Fourth Industrial 
Revolution and, in fact, many businesses are advertising that 
they have already arrived. Regretfully, it is not that simple. 
Many in the coal mining industry are working hard to find a 
way to leverage a wealth of readily accessible digital data in 
order to extract the right information that can then be used to 
improve operations. This is not just about adding technology 
to the existing model. True digital transformation will involve 



the much more difficult task of rethinking the current 
business model and applying this to a new platform 
supported by 21st century technologies. And what of the issue 
regarding the upgrade of existing systems that are compatible 
with the new world of digitalisation? 

Today, the electrical infrastructure in almost every 
underground coal mine includes machines that were installed 
decades ago. These are the backbone of systems to extract 
coal from the mine site and they were built to last. There is no 
business case to be made to replace legacy systems simply for 
the sake of installing new technology. Fortunately, there are 
case studies where new technology is helping owners extend 
the life of older electrical systems through retrofit with new 
sensors and condition monitoring. Life extension retrofits 

enable access to a wealth of data, supported by software that 
can accurately track the health of assets, allowing predictive 
maintenance schedules to be put in place.

Manufacturing plants
Eaton is a global leader in power management for electrical, 
hydraulic and aerospace systems. With over 200 operating 
plants worldwide, almost every plant site has been in 
operation for decades. Existing legacy electrical systems are 
generally not IIoT ready, so implementation to move toward 
digital optimisation was a costly proposition. For Eaton, the 
perceived benefits from implementation of IIoT in company 
manufacturing facilities included improvements in safety and 
operational efficiency, along with reductions in downtime, 
maintenance costs and overhead. Other business drivers 
included reducing power consumption, an opportunity to 
enhance worker performance and manufacturing 
competitiveness, along with a desire to improve sustainability. 
In an environment of tight labour availability, Eaton targeted 
several plants as pilot sites for IIoT implementation. 

To get the process started, a multi-disciplined leadership 
team was assembled using both corporate and operational 
resources. The team consisted of engineers and business 
leaders with expertise in control and distribution systems, 
sensors, metering and network communications, process 
optimisation/industrialisation and business systems. The 
Eaton team met together on multiple occasions to review 
company global manufacturing sites, benchmarking their 
current performance based on the identified business drivers. 
Ultimately, the group agreed to focus on those plants that 
could see the most significant short-term benefit following an 
investment to upgrade plant electrical infrastructure to be 
IIoT ready. The rising cost of electrical energy was a primary 
focus for the first sites selected. Corporate funding was made 
available to upgrade systems at a facility in North America 
employing nearly 1000 workers. New sensored equipment, 
which would collect data in real time from 73 areas on the 
factory floor, were installed. The added sensors within the 

Figure 1. Operational efficiency improvements were the result of not just new available data, but plant floor metrics recorded 
previously by hand on production white boards, transitioning to real time production monitors installed throughout the facility.

Figure 2. Eaton Power Defense MCCB with Power Xpert 
Release electronic trip unit.
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intelligent power equipment included variable frequency 
motor drives and soft starters, motor management relays, 
power metering devices and network gateways. The 
factory-wide area network (WAN) was also upgraded to 
support the additional data. The results from this effort were 
promising, with over US$750 000 in first year savings 
obtained – close to a two year payback on the original 
investment and meeting the ROI targets. Most savings were 
attributable to energy reduction on the order of 12% in the 
plant moulding production line, 15% in the punch press and 
plating line, and nearly 30% in the building HVAC systems. 
Perhaps more important than the energy savings was a 
positive step change in process operational efficiency. Eaton 
plant operations at the site realised that most business metrics 
were hand recorded, scribed multiple times and often not 
based on real time data. Plant floor production whiteboards 
and erasable markers were replaced by flat screen monitors 
that displayed equipment availability, manufacturing 
performance and component quality in real time. This offered 
factory floor visibility to workers to machine metrics and 

operational information necessary to improve manufacturing 
efficiency (Figure 1). 

Eaton’s lessons learned in this pilot site implementation of 
Industry 4.0 were many. First off, upfront preparation time 
prior to implementation was needed. Also, planned 
production scheduling conflicts were anticipated, but the 
scope of work and time for commissioning was extensive, 
which impacted the project schedule. It was a good idea to 
deploy a multi-disciplined team from outside the plant 
operations organisation as a large mix of talent was required 
for effective implementation, and necessarily these resources 
needed to be decoupled from plant daily operations. There 
was a robust plan to upgrade firewalls and network security, 
a necessary component of success as operational data was 
uploaded and stored on Microsoft Azure, the business 
selected cloud computing service provider. Certainly, the 
most critical lesson learned in this experience was if you do 
not start, you will not have a chance to learn. 

Ideas for the path forward
Eaton continues to drive the business toward implementation 
of Industry 4.0 in its own facilities, and also in support of the 
company’s clients in the global coal mining industry. Although 
these new product offerings are IIoT ready, many have been 
designed with retrofit into existing electrical equipment in 
mind. In fact, many have form-factors that can easily 
accommodate retrofit into legacy electrical systems installed 
over 50 years ago. The following cites a few examples:

Power Defense moulded case circuit 
breaker
The recently introduced Power Defense moulded case circuit 
breaker (MCCB) offers voltage, current and interrupting 
ratings that exceed vintage MCCBs and, in many cases, fit in 
the same physical space as legacy breakers manufactured by 
Eaton, Cutler-Hammer and Westinghouse. The new Power 
Xpert Release (PXR) electronic trip unit offers new protective 
features, including breaker health, multiple load alarms and 
ground fault alarms with IIoT-ready embedded 
communications and onboard metering. The new MCCB is 
manufactured and tested to global standards, including UL, 
CSA, IEC and CCC (Figure 2).

C445 Motor 
Management 
Relay
The new Eaton C445 
Motor Management 
Relay includes AC 
induction motor 
protective features in a 
small footprint that is 
network communications 
ready. The measurement 
module includes integral 
current transformers 
allowing three-phase 
power conductions to 

Figure 3. Eaton C445 Motor management and protective relay 
with optional user interface module.

Figure 4. Eaton MR-2 integral remote circuit breaker racking retrofit solution; enhancing workplace 
safety and enabling future remote isolation system capability.

 48  |  World Coal  |  March 2019



simply connect between the switching contactor and 
three-phase motor terminals. Voltage terminations are also 
made at the base module, enabling functionality beyond 
legacy motor protective relays, including under-voltage/
under-load protection and pump cavitation with metering of 
phase voltages, amperes and power in watts and vars. The 
base control module communicates all of this new available 
data via multiple communication networks, the most popular 
being device level ring Ethernet-IP. An optional user interface 
module is also available if local control and monitoring is 
desired (Figure 3).

MR-2 Integral Motor-Operated Medium 
Voltage Breaker Racking
Recent changes in electrical safety standards – including the 
NFPA70E-2018 'Standard for Electrical Safety in the 
Workplace' – have adopted new requirements regarding an 
onsite risk assessment prior to performing energised electrical 
work. Because the risk assessment includes a review of both 
the likelihood and severity of injury from an arc flash event, 
manual racking of medium voltage circuit breakers is quickly 
being replaced by integral motorised remote racking. The 
Eaton MR-2 is designed as a retrofit, replacing manually 
racking circuit breaker cell parts with an updated motor 
operator. This allows operators to work from outside the 
calculated flash protection boundary during breaker racking, 
connecting or disconnecting the breaker from the energised 
bus from a pendant station or remotely via a network 

connection. Newer remote isolations systems applied for 
conveyance systems that are tested to Functional Safety 
Standard IEC-61506 to Safety Integrity Level 2 (SIL 2) for 
underground coal conveyance systems can now be installed 
using legacy medium voltage switchgear and the Eaton MR-2 
motorised racking retrofit (Figure 4).  

Conclusion
Many traditional manufacturing industries, including the 
coal industry, are working hard to find a way to leverage a 
wealth of readily accessible digital data in order to extract the 
right information that can then be used to improve 
operations. Building a platform of readily available data is a 
critical first step in reshaping the new business model 
necessary to move the industry forward utilising 21st century 
technologies. Digital transformation offers significant 
opportunity to improve business efficiency, productivity and 
safety. Most certainly, this is an exciting time for all in the 
industry.

The path forward in many cases will not require a 
wholesale change out of existing systems, which is both cost 
prohibitive and simply impractical. Instead, a carefully 
planned programme to upgrade existing systems is the right 
course. Eaton is one of the suppliers with experience of 
Industry 4.0 execution in its own manufacturing facilities that 
also offers several compelling solutions to retrofit legacy 
electrical systems to assist users toward their digitalisation 
transformation future. 


