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INTRODUCTION

Reliability engineering has long
been a cornerstone of effective
asset management, allowing
equipment and systems to
operate efficiently, effectively,
and with high uptime.
Traditionally, reliability
engineering has relied on
methodologies such as
Reliability-Centered
Maintenance (RCM) and Failure
Modes and Effects Analysis
(FMEA) to predict and prevent
failures. However, the increasing
pace of digitalization is altering
the picture, ushering in new tools
and technologies with the
potential to transform how
organizations tackle asset
reliability. In the connected
world of today, digitalization
technologies such as the Internet
of Things (loT), artificial
intelligence (Al), and digital
twins are transforming
industries. Such technologies
bring both promising
opportunities to improve
reliability engineering

practices and new challenges

for companies to overcome.
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The Evolution of Reliability
Engineering

Reliability engineering has
historically been concerned with
the understanding and reduction
of equipment failure risks. RCM
and FMEA are some of the
techniques that have been used to
define critical failure modes and
establish maintenance strategies
for mitigating them. These
methods depend largely on
historical information, statistical
modeling, and expert opinion to

anticipate and avoid failures.

But the onset of digitalization has
brought in a new paradigm.

With Industry 4.0 on the rise,
reliability engineering is now
utilizing cutting-edge technologies
to transition from reactive and
preventive to predictive and
prescriptive maintenance.
Technologies such as loT sensors,
Al-powered analytics, and digital
twins are allowing organizations to
monitor the health of assets in
real-time, foresee failures before
they happen, and optimize

maintenance schedules.
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Though
digitalization presents
tremendous opportunities,
there are also some challenges
that companies must overcome:

1. Data Overload

The spread of loT devices and sensors
creates enormous amounts of data. For
instance, an offshore oil rig alone can
generate terabytes of data per day from
sensors tracking equipment such

as pumps, compressors, and turbines.
Though useful, this data is overwhelming
to handle and analyze. Organizations
must invest in robust data management
systems, such as cloud-based systems
and big data analytics software,

to gain meaningful insights.
Organizations are in danger of data
overload with no meaningful insights

if they lack good data governance.

2. Skill Gaps

Implementation of new technologies calls
for a talent pool with different skill sets.
Engineers and maintenance staff must be
trained in data analytics, machine
learning, and digital tools to be able to
fully utilize these technologies. For
example, knowing how to read Al-
powered predictive maintenance alerts
or run digital twin simulations is
specialized knowledge. Closing this skills
gap is a prerequisite for successful digital
transformation, and companies need

to invest in upskilling initiatives and
partnerships with universities,
educational institutions to ready
their workforce.
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3. Integration Issues

Most organizations continue to
use legacy systems that are
incompatible with new digital
tools. For instance, a factory
might have machinery that is
decades old and cannot

be easily integrated with loT
sensors or Al platforms. New
technologies may be difficult and
expensive to integrate with
current systems, and careful
planning and execution are
needed. Organizations need to
embrace modular and scalable
solutions that can be gradually
integrated with legacy systems

without interrupting operations.

4. Cybersecurity Risks

As assets are increasingly
interconnected, they are also
increasingly exposed to cyber
threats. For instance, a
cyberattack on an loT sensor
network of a power grid could
cause large scale outages.
Keeping critical asset information
safe from cyberattacks is an
increasing worry, and
organizations need to

adopt strong cybersecurity practi
ces, including encryption, multi-
factor authentication,

and frequent security audits,

to protect their operations.
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Despite these difficulties,
digitalization presents considera
ble possibilities to improve reliab
ility engineering procedures:

1. Predictive Maintenance
loT sensors and Al powered
analytics allow organizations

to foresee equipment failures
before they happen. For
instance, General Electric

(GE) utilizes Predix, its industrial
loT platform, to keep track of the
health of gas turbines.

Through real-time data analysis,
GE can detect early warning
signs of issues that could

arise and plan maintenance in
advance, minimizing downtime
and expenses. Predictive
maintenance has the potential to
lower maintenance expenses

by 20-30% and downtime by
50%, as per industry research.

2. Real-Time Monitoring
Digital technologies enable real-
time monitoring of asset health.
For example, Siemens utilizes
loT-enabled sensors to track the
performance of wind turbines in
real time. Real-time feedback
gives visibility into equipment
performance, allowing
organizations to identify
anomalies and attend to
problems prior to their
escalation. Real-time monitoring
has the potential to enhance
asset availability by 10-15%,
based on Siemens' internal
reports.
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3. Enhanced Decision-
Making

Big data and predictive analytics
give organizations

greater insight into the performa
nce of assets. For instance,

Shell applies Al-powered
analytics to streamline
maintenance on its offshore

oil platforms. Shell can make
better-informed maintenance
scheduling decisions by
analyzing historical and real-time
data, which helps to cut costs
and enhance reliability. Data-
driven decision-making

has the potential to enhance
operational efficiency by 15-
20%, based on Shell's case

studies.

4. Digital Twins

Digital twins—virtual copies of
physical assets enable
organizations to simulate and
optimize asset performance
throughout their lifecycle.

For instance, BP employs digital
twins to simulate the
performance of oil refineries.

By running various scenarios in a
virtual setup, BP can determine
the most efficient maintenance
strategies and enhance asset
reliability. Digital twins have

the potential to lower
maintenance expenses by 10-
15% and increase asset uptime
by 20%, based on BP's

internal statistics.
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Case Study:

Challenge:

Shell, a worldwide leader in the
oil and gas sector, was
confronted with major challenges
in ensuring the reliability of its
offshore drilling equipment.
Conventional maintenance
procedures were reactive,

and this resulted in regular
unforeseen downtime as well as
costly maintenance. Shell
required a method for predicting
equipment failure and planning

maintenance schedules.

Solution:

Shell adopted an Al-based
predictive maintenance system
fueled by loT sensors and
machine learning algorithms.
The system gathered real-time
data from offshore drilling
equipment, including pumps and
compressors, and utilized Al

to interpret the data and foresee

possible failures.

Results:

Less Downtime: Shell attained a
25% decrease in unplanned
downtime through the
prediction of equipment failure

prior to its occurrence.
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Cost Savings:

Maintenance expenses were low
ered by 20% because of
optimized maintenance

schedules.

Enhanced Reliability: Asset
availability rose by 15%, resulting
in increased production

efficiency.

This case study illustrates the
revolutionary power of
digitalization for reliability

engineering.

As digitalization further
develops, several emerging
trends are set to influence the

future of reliability engineering:

1. Blockchain for Asset
Tracking

Blockchain technology provides
a secure and transparent method
of tracking asset performance
and maintenance history. For
instance, Chevron has been
testing the use of blockchain

to record the maintenance

history of key refinery equipment.

With blockchain, Chevron makes
certain that each maintenance
activity, inspection, and repair

is recorded securely. This not
only minimizes the likelihood of
errors but also improves

accountability.
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In case a pump fails, engineers
can easily trace the whole
maintenance history of the
pump, spot probable problems,
and make knowledgeable
decisions. Such openness can cut
maintenance errors by 15-20%
and compliance with safety

procedures.

2. 5G Connectivity for Real-

Time Monitoring

The advent of 5G networks is a
game-changer, not least for the
oil and gas industry. With its
ultra-low latency and high

data rate, 5G makes real-time
monitoring of the equipment at
a whole new level. ExxonMobil,
for instance, has been testing
5G-enabled loT systems at its
refineries. By linking key assets
such as compressors and
distillation columns to a 5G
network, ExxonMobil can

track their performance in

real time. When a compressor
begins to vibrate excessively, the
system warns engineers

prior to failure.

This early intervention has
enabled ExxonMobil to decrease
unplanned downtime by 30%
and enhance overall asset
reliability.
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3. Quantum Computing for
Complex Reliability Analysis

Though in its nascent stages,
quantum computing has
tremendous potential for
businesses that operate complex
systems, including oil and gas

refineries.

BP is among the first to venture
into quantum computing for
refinery operations. With
quantum algorithms, BP can
simulate the performance of its
refinery assets under different

conditions.

For instance, they can simulate
how a distillation tower will react
to a sudden rise in temperature
or how a pipeline will react to
pressure changes. Such simulatio
ns enable BP to optimize
maintenance planning

and minimize the likelihood of su
dden failures. Initial trials indicate
that quantum computing has the
potential to lower costs of
maintenance by 10-15%

and to increase asset uptime by
20%.
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Management
The era of digitalization
brings challenges but also ExxonMobil, and BP
opportunities for reliability
engineering. Although
integrating new technologies
such as loT, Al, and digital
twins may be challenging, the
potential gains in the form
of predictive maintenance, real-
time monitoring, and data-
driven decision -making are
tremendous. Companies that
are able to overcome challenges
and undergo digital
transformation will be well placed
to achieve improved reliability of
assets, cost savings, and

operational efficiency.

As the discipline of reliability
engineering further develops, thi
s much is certain: digitalization is
not a trend—it is a paradigmatic
change that will determine the
future of asset management.

By embracing these
technologies, companies

can tap into new dimensions of
performance and achieve
sustainable success in an
increasingly competitive global

marketplace.

@ /ndt-corner

NDT SCOOP quarterly magazine by NDTCORNER

« Case Studies from Shell, Chevron,

49



