
Making maintenance smarter
Predictive maintenance and the digital supply network
A Deloitte series on digital manufacturing enterprises



COVER IMAGE BY: LIVIA CIVES

Deloitte’s Center for Integrated Research focuses on developing fresh perspectives on critical busi-
ness issues that cut across industry and function, from the rapid change of emerging technologies 
to the consistent factor of human behavior. We uncover deep, rigorously justified insights and 
look at transformative topics in new ways, delivering new thinking in a variety of formats, such as 
research articles, short videos, or in-person workshops.

Making maintenance smarter



Introduction | 2

Managing trade-offs | 5

Current asset maintenance strategies

Breaking the trade-offs | 7

The era of PdM begins

The impact of PdM on the smart factory | 10

Exploring the technologies that enable PdM | 12

Laying the foundation | 15

Building the capabilities for PdM

Taking the next steps toward PdM | 17

Endnotes | 18

CONTENTS

Predictive maintenance and the digital supply network

1



Introduction

TRADITIONALLY, most maintenance profes-
sionals have combined many techniques, 
both quantitative and qualitative, in an effort 

to identify failure modes and mitigate downtime 
in manufacturing facilities. But the rise of new 
connected technologies can enable machines to do 
these tasks for them, both maximizing the useful 
life of machine components while still avoiding 
machine failure. 

Today, poor maintenance strategies can reduce a 
plant’s overall productive capacity between 5 and 20 
percent.1 Recent studies also show that unplanned 
downtime costs industrial manufacturers an esti-
mated $50 billion each year.2 It can be difficult to 
determine how often a machine should be taken 
offline to be serviced as well as weigh the risks of 

lost production time against those of a potential 
breakdown. Traditionally, this dilemma forced 
most maintenance organizations into a trade-off 
situation where they had to choose between maxi-
mizing the useful life of a part at the risk of machine 
downtime, attempting to maximize uptime through 
early replacement of potentially good parts, or, in 
some cases, using past experience to try to antici-
pate when breakdowns might occur and addressing 
them proactively. 

Traditional components of a maintenance program 
often fall into four categories, each with its own 
series of challenges and benefits (figure 1): 

• Reactive maintenance

• Planned maintenance

• Proactive maintenance

• Predictive maintenance

The fourth component, predictive maintenance 
(PdM), has become possible using smart, connected 
technologies that unite digital and physical assets. 
While PdM is not a new concept, the massive invest-
ments in technology typically needed to handle the 
massive volumes of data required often limited 
deployment to only the largest organizations. Today, 

PdM is often the most 
efficient maintenance 
strategy available—
a gold standard for 
which to aim.
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the high availability and low cost of digital tech-
nologies, coupled with the rise of the digital supply 
network (DSN), have made it possible for PdM to 
scale on a broad level across facilities and organi-
zations of all sizes.3 This combination of operations 
and information technologies can allow deeper 
analysis of data from the physical world and drive 
further intelligent action (see the sidebar “Predictive 
maintenance and the physical-digital-physical 
loop” to learn more). In PdM, data gathered from 
connected, smart machines and equipment can 
predict when and where failures could occur, poten-
tially maximizing parts’ efficiency and minimizing 
unnecessary downtime. In most cases, this means 
that PdM is the most efficient maintenance strategy 
available—a gold standard for which to aim.4 In this 
way, PdM is often considered a critical capability in 
the age of the DSN.

In this paper, we examine PdM: its role in the DSN, 
its impact and potential benefits, the technologies 
that underpin it, and its typical role in the smart 
factory. We define strategies for how to incorpo-
rate PdM into a wider asset maintenance strategy, 
explore some of the challenges of PdM implementa-
tion, and examine the organizational changes that 
can make a transition to PdM successful. Finally, we 
delineate a few ways to get started in implementing 
PdM as part of the asset maintenance strategy for 
the smart factory.

Deloitte University Press  |  dupress.deloitte.com
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Figure 1. Maintenance strategy continuum

For a closer look at DSNs—adaptive networks 
that replace static linear supply changes—
and the role of connected technologies in 
driving agile, connected production, see 
The rise of the digital supply network: Industry 
4.0 enables the digital transformation of 
supply chains. 
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PREDICTIVE MAINTENANCE AND THE PHYSICAL-DIGITAL-PHYSICAL LOOP 
For organizations accustomed to traditional linear data and communications, real-time access to 
data and intelligence can fundamentally transform the way they can manage assets and achieve 
objectives. Once organizations decide to adopt PdM, they should consider how to develop, 
implement, and use the various connected technologies that power it to drive decision making. 
Before doing so, however, it can be useful to consider the process of information creation, analysis, 
and action as a loop that constitutes the essence of how these technologies can create value. The 
integration of digital information from many different sources and locations drives the physical act 
of maintenance, manufacturing, and distribution, in an ongoing cycle.

Real-time access to data and intelligence is driven by the continuous and cyclical flow of information 
and actions between the physical and digital worlds. This flow occurs through an iterative series of 
three steps, collectively known as the physical-to-digital-to-physical loop. First, information is captured 
from the physical world and digitized (physical to digital). Second, the digital-to-digital portion of 
the loop focuses on sharing and analyzing data to generate meaningful insights. Finally, the loop is 
closed with a digital-to-physical transformation of those insights into real-world actions. This process 
is described visually in figure 2.

In its entirety, this process allows organizations to harness data and take action in advance, rather 
than simply be informed by the data. The net result is that organizations can operate more efficiently 
or even possibly create entirely new business models, such as the DSN. 

When this model is applied to PdM, companies can use data gathered from assets and machinery to 
ideally understand functionality and predict when breakdowns may happen or maintenance needs 
to occur. This can enable organizations to be more agile, take a holistic view of asset conditions, and 
anticipate needs. 

1. Establish a digital record
Capture information from 
the physical world to create a 
digital record of the physical 
operation and supply 
network

2. Analyze and visualize
Machines talk to each other 
to share information, allowing 
for advanced analytics and  
visualizations of real-time 
data from multiple sources

3. Generate movement
Apply algorithms and automa-
tion to translate decisions and 
actions from the digital world 
into movements in the physical 
world

Deloitte University Press  |  dupress.deloitte.comSource: Center for Integrated Research.
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Managing trade-offs
Current asset maintenance strategies

WHILE PdM is rapidly coming to be consid-
ered the gold standard of maintenance 
strategies, it may not necessarily be the 

best approach for every type of maintenance or re-
pair need. In some cases, other approaches may be 
a more effective fit within the smart factory. For this 
reason, we briefly explore each below and examine 
how they lead up the maturity curve to PdM.  

Reactive maintenance: 
Allowing parts to 
run to failure 
As the least technologically advanced and most 
common level of asset maintenance,5 reactive main-
tenance involves repairing or remediating parts or 
equipment only after it has broken down or been 
run to the point of failure. Reactive maintenance 
strategies offer the maximum utilization of tool-
ing or machine components by using them to their 
very limits. However, this can lead to catastrophic 
machine damage as parts begin to vibrate, overheat, 
and break, potentially resulting in further damage. 
Similarly, reactive maintenance can lead organiza-
tions to treat the symptom rather than the problem 
itself, such as repeatedly addressing bearing vibra-
tion issues rather than their root cause, perhaps 
thermal expansion.6 While this approach may be 
acceptable in machines that feature very cheap, re-
liable, or redundant parts,7 for most applications, 
more frequent replacement of parts and servicing 
of equipment can be a more cost-effective strategy. 

Planned maintenance: 
Preventing problems 
before they occur
By replacing parts before they fail, a planned, time-
based preventative maintenance approach can help 
avoid broken machinery and decrease downtime 
by replacing parts at regular, preplanned intervals. 
While planned maintenance may be more cost-effec-
tive than reactive strategies, however, it also can be 
more difficult to justify. Because parts are replaced 
while they still have useful lifespan remaining, ad-
ditional spare parts are typically kept on hand, add-
ing spare parts inventory management to an already 
complex task. Also, planned maintenance often re-
quires greater planned downtime, which can be dif-
ficult to justify as seemingly perfect machines are 
taken offline and operations disrupted.8 

Proactive maintenance: 
Treating the root cause, 
not the symptom 
Whereas planned maintenance provides a regularly 
scheduled time for part replacements and repairs, 
proactive maintenance represents a more data-
driven, analytical approach. Proactive maintenance 
strives to identify and address the problems that 
can lead to those breakdowns in the first place, such 
as improper machinery lubrication, contamination, 
misalignment, or suboptimal humidity and tem-
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perature conditions.9 By identifying and addressing 
these root causes of many part failures, proactive 
maintenance typically helps to prevent the wear and 
tear that leads to equipment failure, ultimately de-
creasing failures and downtime. Other benefits in-
clude fewer unnecessary repairs, less need for spare 
parts inventory, and longer lifespan of equipment 
and parts—ultimately reducing costs. Another ad-
vantage may be that proactive maintenance can be 
combined with other maintenance strategies. It is 

likely to be optimal for large, costly equipment that 
operates in challenging conditions. 

Table 1 lists the benefits and challenges of these 
three types of maintenance.

While each maintenance strategy typically requires 
relatively higher levels of investment in terms of 
time and training, the benefits usually increase cor-
respondingly, while the challenges can also decline 
to some extent.

Table 1. Trade-offs of the different types of maintenance

Benefits Challenges

Reactive • Maximum utilization of tooling or 
machine components

• Potentially greater damage to machine 
beyond failed part

• Unplanned downtime
• Higher maintenance costs

Planned
• Less likelihood of broken machinery
• Less unplanned downtime
• More cost-effective than reactive

• Increased replacement costs over time
• Need for additional spare parts 

inventory
• Increased planned downtime

Proactive

• Longer lifespan of equipment
• Decreased downtime, planned and 

unplanned
• More cost-effective than run-to-failure 

or planned maintenance
• Lower spare parts inventory

• Ongoing maintenance and monitoring
• Need for organizational changes
• Increased training

Source: Deloitte analysis.             Deloitte University Press  |  dupress.deloitte.com
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Breaking the trade-offs
The era of PdM begins

PdM can break the trade-offs of the older strat-
egies by enabling companies to maximize the 
useful life of their parts while avoiding un-

planned downtime, minimizing planned downtime, 
and saving costs. In essence, PdM analyzes data 
gathered from connected equipment to hopefully 
predict when a part will fail, and thus when main-
tenance should take place. Rather than running a 
part to failure or replacing a perfectly good part that 
may have many cycles left, PdM can help organiza-
tions make repairs only when—or, more accurately, 
before–needed.

Why now? The rise of PdM 
and its place in the DSN
The concept of PdM has existed for many years, but 
only recently have technologies become both seem-
ingly capable and inexpensive enough to make PdM 
widely accessible.10 In the past, PdM programs often 
required time-consuming manual data crunching 
and analysis to gain any real insights from the data 
being collected.11 These strategies typically relied 
heavily on “tribal knowledge” estimates or required 
in-depth knowledge and analysis of each individual 
piece of equipment on an ongoing basis to stay ac-
curate. 

However, the decreasing cost of sensors, comput-
ing power, and bandwidth,12 coupled with increas-
ing technological advancements, has made PdM a 
much more viable option, and one that could be 
feasible to scale at an enterprise-wide level. This, in 
turn, has often enabled PdM’s adoption. Those re-
sponsible for maintenance can gather data rapidly 
from connected machines via diverse sources, such 
as critical equipment sensors, industrial control sys-
tems, enterprise resource planning (ERP) systems, 
computerized maintenance management systems 

(CMMS), and production systems, enabling them 
to identify root causes that may have gone unno-
ticed before. A consumer packaged goods compa-
ny, for example, combined sensor data with data 
from high-speed cameras to identify a correlation 
between two seemingly unrelated events that were 
leading to unexpected pressure build-ups and shut-
ting down product lines. This insight helped them 
save $5 million in annual maintenance costs and 
drive efficiency across all of their plants.13

But simply gathering the information from sensors 
and systems is not enough to yield the benefits of 
PdM. The ability to aggregate and then analyze data 
can be crucial to predicting malfunctions. This often 
requires new capabilities for creating, handling, and 
making use of data. Indeed, analytics capabilities 
have grown increasingly sophisticated in tandem 
with the growth of connectivity and data, enabling 
organizations to make sense of the data they gather. 
These capabilities often constitute an important 
component of the DSN and the smart, connected 
factory. PdM employs data to better inform mainte-
nance decisions, provide greater transparency into 
asset health, and enable enhanced collaboration 
across the network—here, in the form of aggregat-
ing data from multiple sources to maintain assets 
in the most efficient way. This real-time flow of in-
formation, and the ability to analyze it, can allow for 
greater operational efficiencies and more nimble 
performance by using digital data to drive physical 
action in the form of maintenance and upkeep. This 
flow and analysis embody the characteristics of the 
DSN (figure 3). 

The constant flow of data from connected physical 
assets and related systems enables “always-on” 
agility, in which unforeseen situations and changing 
conditions in machinery can be illuminated in real 
time, mitigating potential damage. A connected 
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community of assets and systems can provide a 
greater scale and scope of data to enable more ac-
curate predictive analysis, enabling organizations to 
intelligently optimize decision making and use of 
machinery. Further, aggregating the data of sensors 
on connected machinery throughout the production 
process can allow for end-to-end transparency, 
while choosing the right analytics and algorithms to 
make sense of those data can enable holistic de-
cision making about approaches to maintaining 
assets, to optimize their performance based on their 
role within the network as a whole. Together, these 
capabilities can enable more informed, strategic de-
cision making—one of the primary benefits of PdM. 

Understanding how connec-
tivity drives the PdM process
Once sources of the data are identified, networks 
can communicate these data across custom or stan-
dard data networks to onsite or cloud data storage. 
There, analytics tools with predictive algorithms 
analyze the collected data to determine when each 
individual part is likely to fail. This information is 
then automatically communicated to workers via 
data visualization and collaborations tools, which 
allow them to perform maintenance on only the 
parts that need it, when they need it. Figure 4 illus-
trates the PdM process.

Deloitte University Press  |  dupress.deloitte.comSource: Deloitte analysis.

Implications

Companies can achieve new levels of 
performance, improve operational 
efficiency and effectiveness, and

create new revenue opportunities 

As companies leverage their 
full supply networks, the 
traditional barriers of
time and space shrink

“Always-on”
agility

Connected
community

Intelligent
optimization 

End-to-end
transparency

Holistic
decision making

Securely, DSNs pull 
together traditional data 
sets with new data sets 
that are, for example:
 • Sensor-based 
 • Location-based
 • “Right-time” vs. 
   “real-time”

Outcome: Rapid, 
no-latency responses to 
changing network 
conditions and 
unforeseen situations

Real-time, seamless, 
multimodal 
communication and 
collaboration across the 
value network with:
 • Suppliers 
 • Partners
 • Customers

Outcome: Network-wide 
insights from centralized, 
standardized, 
synchronized data

A closed loop of learning 
is created by combining:
 • Humans
 • Machines
 • Data-driven analytics
 • Predictive insights
 • Proactive action

Outcome: Optimized 
human-machine decision 
making for spot solutions

Use of sensors and 
location-based services 
provides:
 • Material flow tracking
 • Schedule 
   synchronization
 • Balance of supply and 
   demand
 • Financial benefits

Outcome: Improved 
visibility into critical 
aspects of the supply 
network

Based on contextually 
relevant information, 
functional silos are now 
transparent and deliver 
parallel visibility, such as:
 • Performance 
   optimization
 • Financial objectives
 • Trade-offs

Outcome: Better 
decision making for the 
network as a whole

Figure 3. The characteristics of a digital supply network
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Figure 4.  The predictive maintenance process

1 Jim installs sensors on machines and 
connects them to the IoT platform.

CONNECTED 
MACHINES

Sensors stream data about 
machine vital stats in real time.2

REMOTE 
MONITORING

Jim monitors 
the data 
remotely and 
ensures the 
machines are in 
healthy 
condition.

PREDICTIVE 
ANALYSIS

3

4
Machine learning 
module builds models 
using historical data 
to predict failure.

AUTOMATED 
MAINTENANCE ORDERS

5 The module proactively alerts Jim 
of future maintenance needs.

!

6 Maintenance tickets are 
automatically generated, 
production schedules 
altered, maintenance 
tasks scheduled, 
and technicians 
assigned. 
Jim only has 
to approve 
the tickets.

Jim is a factory floor supervisor in a manufacturing plant in charge of monitoring 
and maintaining numerous machines.

Deloitte University Press  |  dupress.deloitte.comSource: Deloitte analysis.
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The impact of PdM on 
the smart factory

CONNECTED digital and physical technologies 
typically impact two main business objec-
tives for manufacturing companies: business 

operations and business growth.14 PdM can prove 
valuable in both of these areas. While objectives 
for using digital technologies in business growth 
focus on top-line growth, those for operations seek 
to cut costs through either increased productivity 
or reduced risk—areas on which most maintenance 
professionals typically focus. When considering the 
number of man-hours spent performing routine 
machine inspections that do not lead to work orders, 
or spent troubleshooting unplanned downtime, the 
case for PdM as a tool for operational efficiency be-
comes clearer. Connected technologies can pull data 
from multiple sources and legacy systems to provide 
real-time advanced insights, allowing computer sys-
tems to do the legwork so maintenance managers 
can deploy their resources more effectively.

Improving efficiency in 
business operations
Connected technologies (which we explore further 
in the next section) help PdM address the core chal-
lenge of maintenance: the right part in the right 
place, at the right time. By driving those processes 
from real-world data, not guesses, about individual 
parts, PdM can help determine the optimal effi-
ciency for most maintenance use cases.15 PdM can 
reduce the time required to plan maintenance by 
20–50 percent, increase equipment uptime and 
availability by 10–20 percent, and reduce overall 
maintenance costs by 5–10 percent.16 

To illustrate, a large chemical manufacturer is ac-
tively deploying connected technologies with sig-
nificant interest in predictive asset analytics.17 The 
company is proactively looking to reinforce its 

leading position in asset and process management 
by adopting digital technologies in its “Future of 
Automation” program. A pilot implementation of 
predictive capabilities for one asset class, extruders, 
resulted in an 80 percent reduction of unplanned 
downtime and cost savings of around $300,000 per 
asset.18 Now the company is expanding this capabil-
ity to other critical equipment across multiple facili-
ties.

While in reactive, planned, or proactive mainte-
nance strategies, a wide variety of many spares is 
usually stocked to cope with sudden failure of parts, 
PdM typically allows teams to manage their main-
tenance process more efficiently. Consider Italian 
train operator, Trenitalia, which had to remove 
each one of its more than 1,600 trains from service 
not just for regularly scheduled maintenance but 
also when a train failed unexpectedly.19 This created 
numerous delays, incurred performance penalties 
on contracts, and annoyed passengers. To address 

PdM can reduce the 
time required to plan 
maintenance by 20–
50 percent, increase 
equipment uptime and 
availability by 10–20 
percent, and reduce 
overall maintenance 
costs by 5–10 percent. 
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the problem, Trenitalia added hundreds of onboard 
sensors on 1,500 locomotives as part of a three-year 
maintenance improvement initiative. Data were 
transmitted to private cloud storage in near-real 
time, where diagnostic analytics provided advance 
warning of the failure of parts such as brake pads. 
With such data, Trenitalia was able to maximize the 
brake pads’ useful life while reducing the number 
of needed spares. Overall, Trenitalia was able to 
decrease downtime by 5–8 percent and reduce its 
annual maintenance spend of $1.3 billion by an esti-
mated 8–10 percent, saving about $100 million per 
year.20 Perhaps above all other benefits, more trains 
have run on time, so more passengers have seemed 
happier.

By providing more accurate predictions of failures, 
and thus which replacement parts will most likely 
be needed, PdM allows fewer spares to be kept on 
hand without increasing the risk. Tying PdM sys-
tems to logistics or parts-ordering systems can 
further smoothen the process, allowing parts to 
be ordered automatically, so that the overall main-
tenance goal of right part in the right place at the 
right time is more attainable.21 The airline industry 
is already using PdM to understand whether a fail-
ure is likely in the next 24 hours and what part will 
be needed. This should not only help to minimize 
disruption to the complicated daily puzzle that pairs 
airframes to flights but also help maintenance per-
sonnel have the right part ready when maintenance 
is required.22

Growing the business
From these statistics, it may appear that PdM is 
useful only when business strategies call for cost 
savings or greater efficiencies. Beyond operations, 
however, PdM may offer additional benefits with 
respect to business growth as well. Not only can 
PdM help to control costs, it can also support dif-
ferentiation. Maintenance failures can impact more 
than simply the machine itself; they can also result 
in defective or poor-quality products.23 Additionally, 
product quality may begin to degrade as tooling and 
machinery drift out of tolerance. By allowing for 

greater awareness and control of those tolerances, 
PdM can help ensure better product quality. In ad-
dition, by reducing downtime, manufacturers can 
free up additional capacity on existing machinery 
to support growth and greater responsiveness. In 
this way, PdM can help ship better-quality prod-
ucts faster than ever before, helping to differentiate 
manufacturers from the competition.24 

For example, one electronic components manufac-
turer was able to combine data from their manu-
facturing execution system (MES) and material-
handling system into a set of distributed databases. 
By aggregating the data into a structured data feed, 
they were able to develop predictive algorithms that 
increased overall throughput and reduced qual-
ity defects by 33 percent. Most importantly, when 
those increases in quality are customer facing, the 
benefits do not end with the mere cost savings—they 
can have strong impacts on customer satisfaction 
and brand differentiation. Consider the Trenitalia 
example from earlier. The project aimed to improve 
the maintenance and reliability of locomotives, 
but the ultimate goal of the company was not just 
to increase operational efficiency in maintenance 
but also to improve the customer satisfaction that 
comes from more on-time trains as a result of fewer 
unscheduled breakdowns.25 

Predictive maintenance and the digital supply network
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Exploring the technologies 
that enable PdM

UNDERSTANDING how PdM works requires 
an examination of the specific connected 
technologies that enable it: sensors and 

communication protocols, analytics and data-
handling tools, and data visualization and collab-
orative tools (figure 5).

Sensors and networks
Perhaps the most important pieces of the PdM 
puzzle are the sensors that create the data and the 

communications needed to get those data to where 
they can be stored and analyzed. These sensors 
translate physical actions from machines into digital 
signals that communicate variables such as temper-
ature, vibration, or conductivity. Data can also be 
streamed from other sources, such as a machine’s 
programmable logic controller (PLC), MES, CMMS, 
or even an ERP system. GE’s Condition Forecaster 
system, for example, uses this aggregation approach 
to maximize the performance and reliability of 
their plant motors by combining data from over 

Deloitte University Press  |  dupress.deloitte.comSource: Deloitte analysis.

Figure 5. The technologies that drive PdM

CONNECTED 
MACHINES

REMOTE 
MONITORING

PREDICTIVE 
ANALYSIS

AUTOMATED 
MAINTENANCE

ORDERS

Sensors Network Integration Augmented 
intelligence

Augmented 
behavior

STANDARDS, SECURITY, AND SERVICES

Built-in sensors
• Existing machine 

sensors

External sensors
• Temperature
• Vibration
• Amperage

Connectivity
• Bluetooth 
• Wi-Fi
• LoRa
• RFID

Management
• IoT middleware 

Accumulation
• Data management

Existing data
• PLC
• CMMS
• ERP 
• Data historian
• Industry standards
• Original equipment 

manufacturer 
parameters

Processing
• Event processing

Analytics
• Predictive algorithms
• Failure detection
• Machine learning
• Stream analytics 

(data in motion)
• Batch analytics 

(data at rest)

Applications/
visualizations
• Desktop/mobile 

user apps
• Dashboards/

displays
• Integration with 

legacy software
• Business process 

management
• Reports

Field services 
platform
• Automated 

maintenance tickets

Edge computing
• Point-of-use 

processing and 
visualization

Making maintenance smarter

12



250 sensors per motor with over 40,000 historical 
maintenance records. 

Whether the types of protocols that enable this sort 
of transparency are custom-designed for a specific 
application or for general use such as Wi-Fi and 
Bluetooth, today’s low cost and affordability of 
bandwidth and storage mean that massive amounts 
of data can be transmitted. This allows manufac-
turers to have a full picture of not only assets in a 
single plant but also an entire production network—
leveraging the end-to-end transparency of the DSN.

Data integration and 
augmented intelligence
Once digital information has been centralized, it 
typically must be parsed, stored, and analyzed 
using advanced analytics and predictive algo-
rithms. Simply gathering data on machinery from 
sensors is not enough. Predicting the failure of indi-
vidual parts likely requires high-level solutions for 
unstructured data, augmented intelligence (AI), or 
machine learning. These technologies are needed 
to sift through the mountains of data to find the 

“signal” of a part about to fail in the “noise” of daily 
operation. Put simply, while PdM depends on the 
accuracy of failure thresholds determined in a pilot 
program or review cycle, machine learning technol-
ogies improve these thresholds iteratively over time 
by analyzing the outcomes of each prediction and 
adjusting the thresholds accordingly. As a result, 
choosing the right analytics or algorithms is a crit-
ical step in creating a PdM capability. But the results 
can be significant: One manufacturer recently 
reduced downtime on a robotic manufacturing line 

by 50 percent and increased performance by 25 
percent by leveraging a machine learning platform 
for its predictive algorithms.26

As these tools move further into the mainstream, 
they may no longer require a degree in statistics or 
computer science to use, putting them within reach 
of many organizations that may not have had the 
expertise or resources to leverage them in the past. 
Operations analysts, who are more in touch with 
manufacturing processes, can easily create dash-
boards using modern application program inter-
faces (APIs) created specifically for the everyday 
user.27

Another trend is the movement of data to the edge. 
Similar to the lean technique of storing tooling at 
the point of use, data computation is done at the 

“edge,” meaning it is processed at the machine 
where it is generated. Insights can thus be pushed 
directly to machine operators as well as mainte-
nance technicians. As data continue to proliferate, 
edge computing reduces the overall burden on 
a computer network by distributing some of the 
processing work to a network’s outer nodes to alle-
viate core network traffic and improve application 
performance.28

Augmented behavior
Once data have been analyzed, they can be presented 
to humans and machines in a manner that enables 
them to take action, either manually (in the case of 
humans) or autonomously (in the case of machines). 
At this stage, augmented behavior becomes relevant. 
Technologies such as wearables and augmented 

As these tools move further into the mainstream, 
they may no longer require a degree in statistics or 
computer science to use, putting them within reach 
of many organizations that may not have had the 
expertise or resources to leverage them in the past.
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reality can allow maintainers to see large amounts 
of data, such as a maintenance manual or expert 
advice, while immersed in a task. These technolo-
gies use overlaid step-by-step instructions to help 
operators immediately solve problems as they arise 
(even in noisy environments), and help disseminate 
knowledge via immersive, on-demand training.29  
They also allow teams in other locations to remotely 
monitor and supervise operations.

For example, a leading technology manufacturer 
deployed a suite of industry-leading wearable 
technology to troubleshoot issues remotely and 
disseminate specialized knowledge in real time. 
The solution supported the manufacturing incident 
resolution processes, which often witnessed severe 
delays during critical component assembly. The 
company saw a 50 percent reduction in repair cycle 

time for defects and estimated savings of $500,000 
in a single product line through reduced downtime.

Finally, after the signals have been processed, 
analyzed, and visualized, digital insights are trans-
lated into physical action. In some cases, the digital 
conclusions drawn may instruct robots or machines 
to alter their functions. In other cases, maintenance 
alerts will spur a technician into action. Consider a 
situation where the predictive algorithms trigger a 
maintenance work order in the company’s CMMS 
system, check the ERP system for spares on hand, 
and automatically create a purchase request for any 
additional parts required, all automated and prior 
to unplanned downtime. Then the maintenance 
manager only has to approve the items in the work-
flow and dispatch the appropriate technician.
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Laying the foundation 
Building the capabilities for PdM

ADDING complex new technology to any work 
environment can come with considerable 
impacts: Greater cost and technical support, 

and changing talent requirements are often cited 
as the most significant challenges of adopting 
and implementing PdM.30 Also, technology alone 
usually cannot help organizations transition to 
PdM; process and organizational change is typically 
just as important. As organizations seek to imple-
ment PdM, they should consider:

• Security. As more assets become intercon-
nected, and with the Internet of Things becoming 
ubiquitous, companies should consider safe-
guarding access to critical equipment and 
adopting a proactive stance toward cybersecu-
rity while protecting connected assets.31 

• New skills and organizational approaches. 
Adapting to PdM can necessitate a whole new 
suite of skills to manage this system that goes 
beyond traditional maintenance planning and 
execution skills. Data scientists might have to 
work alongside reliability engineers to develop 
algorithms and predictive models. Many organi-
zations find these skills hard to find and fill, and 
implementing solutions may require partnering 
with multiple vendors to augment capabilities.32 

• Equipment upgrades. It is not uncommon 
to find decades-old equipment still in use, often 
making it difficult to find spares and manage 
inventory for replacement parts. The cost to 
upgrade or replace equipment with smart assets 
may require significant investment. On the 
other hand, retrofitting unconnected assets to 
make them a part of the smart factory can lead 
to increased cyber risks.33

• Data management. Collecting the right data, 
which can enable the organization to accurately 
predict relevant failure patterns, is crucial to 
PdM. Therefore, gathering the appropriate 
data sources to achieve the maintenance goals 
of the project is typically a critical first task. At 
the outset, this may require a significant effort 
in data cleansing and mapping to events to 
enable effective analysis. On an ongoing basis, 
it may require workers to adopt new practices 
as well. Having the right data, however, is only 
part of the process. Once gathered, these data 
can be aggregated across multiple assets and 
locations, stored, and analyzed by algorithms 
to predict failures and outcomes. It is therefore 
also considered important to choose the most 
appropriate algorithms and leverage machine 
learning to produce a predictive result. With this 
in mind, choosing and maintaining the software 
tools capable of this type of analysis is likely to 
be crucial to PdM success.

• Technology. Software, hardware, and algo-
rithms focused on PdM are still in early stages 
compared with other approaches of mainte-
nance. It might therefore be advisable to take 
a pilot approach to PdM, testing and learning 
before scaling up.

Maintenance strategy and processes are typically 
the core elements for any successful maintenance 
organization. Without the foundational building 
blocks of process and people in place, investment in 
technology is not likely to yield the desired results. 
All of the sensors and smart devices in the world are 
useless unless maintainers know what the values 
they are reporting mean. 
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Building organizational 
capabilities
Instituting a PdM process can dramatically shorten 
the process, bringing together and combining data 
from multiple assets, systems, and locations. For 
example, one airline company recently combined 
data from text files, aircraft logbooks, and mainte-
nance records to automate this process, reducing 
time to insight from anywhere between 30 and 90 
days down to less than a day.34 At the same time, 
however, capabilities should be in place to analyze 
and act upon those data. Therefore, a critical step 
in a maintenance transformation may be to develop 
a decision-making framework that allows main-
tainers to interpret data and extract value, rather 
than relying on intuition and experience to make 
decisions. The organizational capabilities to develop 
this decision-making framework can be built in 
stages, making the process more manageable. 

Stage 1: Set up a performance management 
framework. Understanding how “what you do” 
ties to “what you achieve” can be key to ensuring 
that metrics measure the right areas. “What you 
achieve” is an output and should be aligned to 
lagging metrics. “What you do” is controllable on a 
day-to-day basis—this is what should be measured 
on a leading basis and actively managed.

Stage 2: Set up a process to identify and 
capture value. Quantify the value and establish 
targets. Establish ownership and prioritize initia-
tives. Monitor performance and resource allocation.

Stage 3: Shift from reactive to proactive deci-
sion making based on real-time informa-
tional analytics. Often, this will include creating 
an asset information center that provides simplified 
access to information from multiple sources. 

Assessing organizational 
needs
Not all companies require the same level of reli-
ability from their assets. To assess their mission 
requirements and maintenance program maturity, 
organizations can ask the following questions:

BUSINESS STRATEGY

• What could be the value of PdM across our 
entire enterprise?

• How reliable do our assets need to be? What are 
our availability targets?

MAINTENANCE STRATEGY

• How do we determine when it’s time to replace 
an asset rather than maintain it?

• What data do we already have that are not being 
used effectively?

• Have we selected an analytics tool that can 
handle the data types and volumes needed?

• Have we identified the critical assets in our 
production system?

• Are there some critical assets that would benefit 
from a PdM pilot?

MAINTENANCE PROCESS

• Do we have the right spare parts in the right 
place at the right time?

• Are our processes well documented, accessible, 
and useful?

• Do we have the right tools for the job?

• Do our technicians have the right skills to 
perform the work required?

In projects big or small, typically no maintenance 
organization can be successful without consid-
ering the foundational maintenance strategy and 
processes in tandem with the technology that 
enables them.
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Taking the next steps 
toward PdM

IT often takes a confluence of the right technology, 
processes, and people all at the right time to be 
successful in the manufacturing industry, and not 

all organizations are going to be ready to embrace 
PdM right away, as they move toward implement-
ing a DSN and a smart factory. Starting with some 
of the basics—preventative and proactive mainte-
nance—can be a way to move beyond reactive main-
tenance while building a PdM capability. As they 
seek to put the foundations of maintenance in place, 
organizations can take several steps toward PdM:

Start small. With the basics of preventative and 
proactive maintenance in place, organizations can 
pilot PdM with one or two well-suited assets. Prime 
assets for one of these pilots should be both highly 
integral to operations and should fail with some 
frequency in order to create baseline predictive 
algorithms. Moreover, examining how these pilots 
fare on the defined metrics of success could allow 
the organization to validate the strategy, technolo-
gies, and processes while incurring limited risk. 

Scale fast. Once the pilot structure is in place and 
has been proven on initial asset classes, PdM can be 
scaled up more quickly and easily to move from a 
couple of connected machines into an entire smart 
factory, which, in turn, can be connected to a wider 
DSN to create ecosystem-wide benefits.

This start-small, scale-fast approach to PdM can 
also help to uncover the unique challenges that 
the organization faces. For example, while some 

factories may have great tools and equipment, they 
may lack the correct documentation or training 
programs, or they may need to invest in more 
sophisticated analytics capabilities. Organizations 
should determine how foundational maintenance 
maturity will support the growth of PdM in their 
company. Will the work by technicians be enhanced 
by smart factory technologies, or will adding tech-
nology expose the weaknesses in basic maintenance 
understanding when the timing and execution of 
work orders become absolutely critical in order to 
avoid downtime?

Build a plan before getting started. While 
detailed planning can sometimes feel like a waste 
of time, creating a foundation such as the deci-
sion-making framework described in the previous 
section can be critical to identifying flaws and 
achieving success. During implementation, consider 
measuring progress along the way as important 
milestones are reached, such as equipping the first 
machine with sensors or building a first dashboard. 
Short-sprint intervals followed by immediate reflec-
tion can allow for a much more agile and flexible 
implementation that incorporates lessons learned 
as you go. 

With this approach in mind, companies can scale 
the previously unattainable heights of efficiency 
offered by PdM. New technologies have made PdM 
possible, and organizational changes can make it 
feasible—now all that remains is to make it reality.
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