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Executive Summary

Compressed air remains one of the most critical yet frequently under-optimised utilities
in industrial operations. In sectors ranging from manufacturing and food processing

to pharmaceuticals and automotive production, compressed air systems consume
substantial amounts of electricity while often operating with limited transparency
regarding their actual performance. Despite decades of advances in compressor
technology, many facilities continue to manage compressed air infrastructure using
operational practices that provide only partial visibility into system behavior and limited
ability to adapt to changing production demands.

At the same time, industrial organisations are facing increasing pressure to reduce
energy consumption, improve asset utilisation, ensure operational resilience, and support
broader sustainability objectives. These challenges have accelerated the adoption of
digital technologies capable of transforming compressed air systems from largely
reactive infrastructures into intelligent, data-driven assets.

The latest generation of digital solutions goes far beyond traditional equipment
monitoring. By combining connected sensors, cloud analytics, predictive intelligence,
and real-time optimisation algorithms, these platforms enable organisations not only
to understand what is happening within their compressed air networks, but also to
continuously improve how those systems operate. The result is a shift from monitoring
individual assets to managing the entire compressed air ecosystem as a dynamic and
interconnected system.

This paper examines the evolution of digital compressed air management, explores
the key categories of available technologies, and discusses how real-time visibility
and intelligent optimisation can unlock measurable operational, financial, and
environmental benefits.
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@ The Hidden Complexity of Compressed Air Systems

@ - I @ Compressed air is often described as the fourth utility, alongside electricity, water,
| \@’ | and gas. Unlike these other utilities, compressed air is generated on-site, making its
-, ~ performance heavily dependent on the efficiency of the equipment and control strategies
@ | @ employed within the facility.
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@ Historically, compressed air systems have been managed through periodic audits,
maintenance inspections, and local equipment controls. While these approaches
provide valuable information, they typically offer only snapshots of system performance.
In reality, compressed air demand fluctuates continuously as production schedules,
process requirements, and operating conditions change throughout the day.

This creates a fundamental challenge. A system that appears efficient during a
scheduled audit may operate significantly differently under varying production loads.
Pressure instability, inappropriate compressor sequencing, excessive unloaded running,
and undetected leakage can all emerge between assessments, generating energy waste
and reducing overall system performance.

The visibility gap between what operators know about their compressed air systems
and what is actually happening in real time has become one of the primary barriers to
efficiency improvement.
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Digitalisation as a Response to Operational Uncertainty

The increasing availability of industrial connectivity, cloud computing, and advanced
analytics has created new opportunities to address this visibility challenge.

Rather than relying on periodic observations, digital platforms enable continuous
collection and analysis of operational data from across the compressed air network.
Pressure, flow, power consumption, temperature, air quality parameters, equipment
status, and maintenance indicators can be monitored simultaneously, creating a
comprehensive picture of system health and performance.

This shift is significant because compressed air performance is inherently a system-
level issue. The efficiency of an individual compressor is only one factor affecting
overall performance. Distribution losses, control strategies, storage capacity, demand
fluctuations, and equipment interactions all influence the final outcome.

Digital technologies make it possible to understand these interactions in a way that was
previously impractical. Instead of operating based on assumptions, facilities gain access
to objective and continuously updated operational intelligence.

The First Stage of Digital Maturity: Visibility and System Insight

For many organisations, the digital journey begins with enhanced visibility.

Modern monitoring platforms aggregate operational information from multiple assets
and present it through intuitive dashboards and analytical tools. This capability provides
stakeholders across operations, maintenance, engineering, and energy management
teams with a common view of system performance.

The value of such visibility extends beyond convenience. Continuous monitoring
often reveals issues that would otherwise remain hidden for extended periods.
Facilities frequently discover recurring pressure variations, inefficient operating
schedules, equipment underutilisation, or abnormal consumption patterns during
non-production hours.

More importantly, historical data allows organisations to move beyond anecdotal
observations. Decisions regarding maintenance, capacity expansion, or efficiency
projects can be supported by objective evidence rather than assumptions or
isolated measurements.

As industrial facilities increasingly pursue data-driven operations, this transparency
becomes a foundational requirement for informed decision-making.
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Beyond Monitoring: The Emergence of Predictive Intelligence

While visibility solves part of the challenge, it does not automatically
improve performance.

The next stage of digital evolution involves transforming operational datainto actionable
intelligence. Advanced analytics solutions continuously evaluate system behavior, identify
trends, and detect patterns that may indicate emerging inefficiencies or reliability risks.

Predictive maintenance is among the most widely adopted applications of this
approach. Rather than relying exclusively on fixed service intervals, organisations can
assess equipment condition based on actual operating behavior. Changes in vibration,
temperature, run-time profiles, pressure response, or power consumption may provide
early indicators of developing issues long before operational disruptions occur.

This capability fundamentally changes maintenance strategies. Resources can be
allocated where they create the greatest value, reducing unnecessary interventions while
minimising the likelihood of unexpected failures.

The result is not merely lower maintenance costs but a broader improvement in
operational resilience and asset reliability.
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The Shift Toward Autonomous System Optimisation

Perhaps the most significant development in compressed air digitalisation is the
emergence of intelligent optimisation platforms capable of actively influencing
system operation.

Traditional compressor control philosophies were designed around fixed operating
rules. In many facilities, compressor sequencing remains governed by predefined logic
that does not fully reflect changing production requirements or the varying efficiency
characteristics of individual machines.

Modern optimisation solutions introduce a fundamentally different approach. By
continuously analysing system conditions, including air demand, pressure requirements,
equipment efficiency, and asset availability, these platforms can determine the most
efficient operating strategy in real time.

This enables the compressed air system to respond dynamically to changing conditions,
ensuring that compressors operate in a coordinated manner that minimises energy
consumption while maintaining process reliability.

Rather than treating pressure levels, compressor selection, and equipment loading
as static settings, intelligent control platforms transform them into continuously
optimised variables.

The implications are substantial. Even small reductions in average operating pressure or
improvements in compressor utilisation can generate meaningful energy savings across
large industrial environments.
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Types of Digital Solutions Available for Compressed Air
Systems Today

The market for digital compressed air management solutions has expanded

O_(/)J J) L(;O significantly over the past decade. While offerings vary in sophistication and scope,

most platforms fall into several distinct categories that reflect different levels of
digital maturity.

Asset Monitoring and Equipment Health Platforms

The most common solutions focus on providing visibility into compressor and ancillary
equipment performance. These platforms collect operational data directly from
compressors, dryers, filters, and sensors, presenting information through cloud-based
dashboards or centralised monitoring portals.

Typical capabilities include:

* Real-time equipment status monitoring

* Running hours and load profiles

* Pressure and temperature trending

+ Alarm and event notifications

* Service interval tracking

* Remote diagnostics and support

Such platforms primarily address the need for transparency and operational awareness,

helping maintenance and operations teams identify issues before they result in
unplanned downtime.

@ Predictive Maintenance and Performance Analytics Solutions

A more advanced category builds upon equipment monitoring by applying analytical
models to identify patterns and predict potential failures or performance degradation.
These solutions can analyse factors such as:

» Changes in energy consumption

* Variations in pressure stability

» Temperature and vibration trends

» Compressor utilisation patterns

+ Historical maintenance records

Rather than simply reporting problems, predictive systems help organisations understand

why performance is changing and where intervention may be required. This supports a
transition from time-based maintenance toward condition-based maintenance strategies.
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Multi-Compressor Control and System Optimisation Software

One of the fastest-growing segments of the market is intelligent system control.

Unlike monitoring platforms that provide visibility into system performance, these
solutions actively influence how the compressed air system operates. Using real-time
operating data, the software continuously determines which compressors should run,
how they should be loaded, and what system pressure should be maintained to meet
production requirements with minimum energy consumption.

Typical functionality includes:

» Dynamic compressor sequencing

 Pressure setpoint optimisation

* Load balancing across multiple machines

+ Demand-based control strategies

+ Automated response to changing operating conditions

These platforms represent a shift from passive monitoring to active
operational optimisation.

A key trend across all categories is the evolution from visibility, to insight, and ultimately
to action. Early digital solutions helped operators understand what was happening
within their compressed air systems. Today’s most advanced platforms not only
explain why it is happening, but can also actively optimise system performance in

real time, transforming compressed air management from a reactive maintenance
activity into a strategic driver of operational efficiency and sustainability.
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Supporting Sustainability and Energy Performance Goals

The importance of intelligent compressed air management extends beyond
operational efficiency.

As organisations pursue decarbonisation strategies and face growing pressure to improve
environmental performance, energy-intensive utilities are receiving increased scrutiny.
Because energy accounts for the majority of lifetime operating costs associated with
compressed air systems, optimisation initiatives often present attractive opportunities for
both financial and environmental improvement.

Digital platforms enable organisations to measure and verify energy performance with far
greater precision than traditional approaches. Continuous tracking of energy use, demand
patterns, and efficiency indicators allows facilities to quantify the impact of improvement
initiatives and validate the outcomes of optimisation projects.

In this context, digitalisation becomes not only an operational tool but also a strategic
enabler of sustainability programs and corporate energy management objectives.

W The Future of Intelligent Compressed Air Systems

The trajectory of industrial digitalisation suggests that compressed air management will
continue moving toward increasingly autonomous operation.

J
(N

Advances in artificial intelligence, machine learning, and digital twin technologies
(| are expected to further enhance the ability of systems to predict demand, anticipate
performance deviations, and optimise operations without direct human intervention.

Future platforms will likely integrate compressed air management more deeply with
broader manufacturing and energy ecosystems, allowing decisions to be coordinated
across production assets, utility systems, and enterprise-level sustainability initiatives.

The distinction between monitoring and control will continue to blur as digital solutions
evolve from passive information providers into active operational partners.
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Artificial Intelligence and Cybersecurity:
Enabling Safe and Smarter Operations

As digital compressed air management platforms continue to evolve, artificial
intelligence (Al) is playing an increasingly important role in system optimisation.
Al-driven analytics can identify complex patterns in operational data, forecast air
demand, detect inefficiencies, and recommend or automate corrective actions

with greater accuracy than traditional rule-based systems. At the same time, as
compressed air infrastructure becomes more connected, cybersecurity has become
a critical consideration. Modern digital platforms incorporate secure communication
protocols, user access controls, data encryption, and continuous monitoring to help
protect operational technology (OT) environments from cyber threats. Together, Al
and cybersecurity enable organisations to maximise the benefits of digitalisation
while maintaining the reliability, integrity, and security of their operations.

Conclusion

The digital transformation of compressed air systems is redefining how industrial
organisations approach one of their most important utilities. What began as a search
for greater visibility has evolved into a sophisticated ecosystem of monitoring, analytics,
predictive intelligence, and real-time optimisation capabilities.

Organisations that embrace these technologies gain more than operational insight.
They acquire the ability to make data-driven decisions, improve reliability, reduce
energy consumption, support sustainability objectives, and continuously adapt system
performance to changing business requirements.

As industrial operations become increasingly connected and performance-driven, digital
compressed air management is emerging not as an optional enhancement, but as a
critical component of modern operational excellence.
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The digital transformation of
compressed air systems is redefining
how industrial organisations approach
one of their most important utilities.
What began as a search for greater
visibility has evolved into a sophisticated
ecosystem of monitoring, analytics,
predictive intelligence, and real-time
optimisation capabilities.
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About Ingersoll Rand Inc.

Ingersoll Rand Inc. (NYSE:IR), driven by an entrepreneurial spirit and ownership mindset, is dedicated
to helping make life better for our employees, customers and communities. Customers lean on us for
our technology-driven excellence in mission-critical flow creation and industrial solutions across 40+
respected brands where our products and services excel in the most complex and harsh conditions.
Our employees develop customers for life through their daily commitment to expertise, productivity
and efficiency. For more information, visit irco.com
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Ingersoll Rand, IR, the IR logo, V-Shield, PartsCARE and SimplAir are trademarks of Ingersoll Rand,
its subsidiaries and/or affiliates. All other trademarks are the property of their respective owners.

Ingersoll Rand compressors are not designed, intended or approved for breathing air applications.
Ingersoll Rand does not approve specialised equipment for breathing air applications and assumes
no responsibility or liability for compressors used for breathing air service.

Nothing contained on these pages is intended to extend any warranty or representation, expressed or
implied, regarding the product described herein. Any such warranties or other terms and conditions of sale
of products shall be in accordance with Ingersoll Rand’s standard terms and conditions of sale for such
products, which are available upon request.

Product improvement is a continuing goal at Ingersoll Rand. Any designs, diagrams, pictures, photographs
and specifications contained within this document are for representative purposes only and may include
optional scope and/or functionality and are subject to change without notice or obligation.
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