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<> Executive perspective
IEnergy efficiency has moved from an operational concern to a strategic

priority for industrial organizations worldwide. Rising energy costs,
increasing pressure to reduce carbon emissions, and growing
expectations around sustainable production are forcing manufacturers
to reassess how energy is generated, used, and lost throughout their
operations.

Compressed air systems represent a critical and often underestimated
part of this equation. While essential for industrial processes,
compressed air is inherently energy-intensive. During compression,
the vast majority of electrical input energy is converted into heat. In
traditional systems, this heat is treated as waste and released into the
environment, even while additional energy is consumed elsewhere for
heating or hot water.

Heat recovery systems fundamentally challenge this approach. By
capturing and reusing the thermal energy generated during compression,
companies can significantly reduce energy consumption, lower operating
costs, and improve overall system efficiency without impacting
production reliability. This whitepaper explores how heat recovery works,
how it contributes to energy efficiency, and why it should be considered
a core component of modern industrial energy strategies.
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The Energy Reality of Compressed Air

Compressed air is widely regarded as the “fourth utility” in industry,

U alongside electricity, water, and gas. It powers tools, moves products,
controls valves, and enables automation across countless applications.
However, it is also one of the most expensive forms of energy to
produce.

From a thermodynamic standpoint, compression is inefficient by nature.
As air is compressed, its temperature rises sharply. To ensure safe and
continuous operation, this heat must be removed through cooling
systems. In many installations, up to 94% of the electrical energy
supplied to a compressor ultimately leaves the system as heat.

When this heat is rejected into the atmosphere, the result is a double
penalty: electricity is consumed to generate compressed air, and
additional fuel or power is required to meet heating demands elsewhere
in the facility. Heat recovery addresses this imbalance by reusing energy
that has already been paid for.
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The Principle of Heat Recovery

Heat recovery systems are designed to capture thermal energy from
compressors before it is dissipated and redirect it to useful applications.
This is achieved either by transferring heat into air streams or by capturing
it via water-based heat exchangers.

Air-based heat recovery systems typically channel hot cooling air into
nearby spaces such as production halls or warehouses. Instead of venting
heat outdoors, the system provides space heating during operating hours,
reducing reliance on conventional heating systems.

Water-based heat recovery systems use heat exchangers to transfer
energy into a water circuit. The heated water can then be used for process
applications, cleaning, or as preheated boiler feed water. Because water is
an efficient heat carrier, these systems can deliver stable and predictable
thermal output.

In both approaches, heat recovery operates alongside normal compressor
cooling requirements. The compressor continues to run under optimal
conditions, while the recovered heat adds value elsewhere in the facility.

Heat Recovery as a Driver of Energy Efficiency

From an energy-efficiency perspective, heat recovery offers immediate
and quantifiable benefits. Modern systems can recover a large
proportion of available thermal energy, often between 70% and 90%,
depending on operating conditions and system configuration.

This recovered heat directly offsets energy that would otherwise

be generated by boilers, electric heaters, or district heating supplies.
As a result, the facility’s total energy demand is reduced, and the
efficiency of each kilowatt consumed by the compressor is increased.

Heat recovery also improves overall thermal management. By removing
excess heat from compressor rooms in a controlled way, facilities can
reduce the need for ventilation or additional cooling, further contributing
to energy savings.
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Practical Uses for Recovered Heat
The flexibility of heat recovery is one of its most compelling advantages.

Recovered thermal energy can be used wherever low-
to medium-temperature heat is required, often with minimal
changes to existing infrastructure.

Typical applications include:
» Space heating for production areas, workshops, and warehouses
* Process and utility water heating
e Cleaning and wash-down operations
» Preheating boiler feed water to improve steam efficiency

Even facilities with limited heating needs can usually identify at least
one application where recovered heat replaces energy that would
otherwise be purchased.
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Heat Recovery in Lubricated Compressor Systems

Lubricated compressors are particularly well suited for heat recovery
because a significant share of their heat is absorbed by the oil used

for lubrication and cooling. This oil circulates continuously and must be
cooled during normal operation, making it an ideal medium for heat
transfer.

By integrating heat exchangers into the oil cooling circuit, thermal
energy can be transferred efficiently into air or water systems. The
resulting heat output is consistent and reliable, making it suitable
for continuous industrial use.

Because lubricated compressors are widely used across manufacturing
sectors, heat recovery from these systems represents a substantial
opportunity for improving plant-wide energy efficiency.

Recovering Clean Heat from Oil-Free Compressors

MrTod Oil-free compressors also generate large amounts of recoverable heat
@ while delivering contamination-free compressed air. Since no oil
s present in the compression chamber, the recovered heat is equally
free from oil residues.

This makes oil-free heat recovery particularly valuable in industries with
strict hygiene or purity requirements, such as food and beverage
production, pharmaceuticals, electronics manufacturing, and
healthcare. In these environments, recovered heat can be reused
without risking product quality or regulatory compliance.

Oil-free heat recovery solutions therefore support both sustainability
objectives and clean-production standards.
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Environmental Benefits and Carbon Reduction

Heat recovery plays a direct role in reducing greenhouse gas emissions.
Every unit of recovered heat reduces the need for externally generated
energy, which is often sourced from fossil fuels. This leads to immediate
reductions in carbon emissions and improves the environmental profile
of industrial operations.

For companies with formal sustainability targets, heat recovery provides
measurable results. Energy savings and emissions reductions can be
monitored and reported, supporting environmental management
systems and ESG reporting.

In many cases, heat recovery initiatives also help organizations align
with regional energy-efficiency regulations and incentive programs.

Financial Impact and Return on Investment

From a financial perspective, heat recovery is one of the most
attractive efficiency investments available. Installation costs are
typically modest, especially when systems are incorporated into new
compressor installations or upgrades.

Operational savings begin immediately through reduced fuel and
electricity consumption. In facilities with continuous compressor
operation and ongoing heat demand, payback periods are often short.
Over the long term, additional benefits include reduced wear on
heating equipment and improved total cost of ownership.
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Heat Recovery as Part of an Energy Strategy

To maximize value, heat recovery should be considered within
a broader energy-management framework. Understanding load
profiles, seasonal demand, and existing heating infrastructure
is key to designing an effective solution.

When integrated correctly, heat recovery becomes more than a
technical enhancement. It becomes a strategic energy asset that
improves efficiency, lowers costs, and strengthens operational
resilience.

Conclusion

Heat recovery transforms compressed air systems from unavoidable
energy consumers into contributors to industrial energy efficiency.

By capturing heat that would otherwise be wasted, organizations

can reduce operating costs, cut emissions, and improve sustainability
performance using proven technology.

As energy efficiency becomes an increasingly critical competitive
factor, heat recovery stands out as a practical, scalable, and
high-impact solution turning waste heat into useful energy and
redefining the value of compressed air.
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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 www.IRCO.com.
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Ingersoll Rand, IR, the IR logo 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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