ﬁPREsswiRE

The True Cost of a Leak

ASSLAR, GERMANY, August 20, 2026
/EINPresswire.com/ -- A vacuum leak is
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normal. Yet within the system, even a
small leak may be discreetly altering
the economics of the operation by
increasing energy consumption,
extending pump-down times, and
forcing vacuum pumps to work harder.
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maintenance, and often a reduction in COBRA NC 0400 dry screw vacuum pump (50 Hz) +

product quality. PANDA WV 4500 vacuum booster (50 Hz). Source:
Busch Group.

Leak detection helps identify hidden leaks before
they impact process efficiency, product quality, or
operating costs. Source: Busch Group

These costs rarely appear as a clearly

defined item on financial statements.

Instead, they are hidden in operating expenses as a recurring penalty. This is what can be
described as the Leak Tax.

The Leak Tax

Every vacuum system is designed around a balance: a defined pumping speed and a target
pressure. A leak disrupts that balance by introducing a continuous, unintended gas load, forcing
the system to operate under conditions it was not designed for.

How the system responds depends on its design, but in all cases, the result is the same: a
continuous operational penalty, the Leak Tax.

The following sections outline the key areas where leaks drive additional cost.
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1. Increased power consumption

The additional gas load from a vacuum leak can increase vacuum pump energy consumption in
three ways:

* Increased pumping speed in vacuum systems that feature dynamic control, such as those with
variable speed drives.

+ Extended operating or cycle times in systems without dynamic control, where the vacuum
pump must run longer to achieve the desired process

outcome.

+ Causing the vacuum pump to operate at a higher pressure where it may be less efficient.

In all cases, the outcome is the same: higher energy usage. Either the system runs for longer,
operates less efficiently, or a combination of both.

The following example illustrates the impact of a vacuum pump operating at a higher pressure,
at a point where it is less efficient:

Under normal operating conditions, this vacuum pump and booster combination consumes 8
kW. With a leak rate of approximately 200 mbar-I/s, power consumption rises to 11 kW. Leak
rates in vacuum systems are given as gas flow, usually in mbar-l/s (millibar liter per second),
which indicates how much gas enters the system through a leak over time. In this example, the
value of 200 mbar-I/s refers to a continuous gas flow large enough to noticeably increase power
consumption. This increase results in additional annual energy costs of £3,157 or $4,287*.
*Energy rate at 26p/kWh; running time 16 hours/day; 253 working days per year. Operating
pressure: 1-5 hPa abs. Exchange rate as of May 4, 2026

2. Extended evacuation and cycle times

During the initial evacuation phase of a vacuum process, a vacuum system is designed to
evacuate the process volume to a target pressure within a defined timeframe. When a leak is
present, it introduces a continuous gas load that the system was not designed to handle.

As a result, the system may take longer to reach the required pressure, particularly in processes
requiring deeper vacuum levels where even small leaks can have a disproportionate effect.

In cyclic processes, this impact is amplified. Each evacuation and recovery phase takes longer,
extending total cycle time. Unless the system has been intentionally oversized to compensate,
this directly reduces throughput and available production capacity. Over time, these small delays
accumulate into a measurable loss of productivity. The system continues to operate, but fewer
cycles are completed within the same operating window, increasing the effective cost per unit
produced.

3. Process quality impact



Leaks do not only affect efficiency; they directly compromise the integrity of the process itself. In
vacuum applications, pressure is a critical condition that governs physical, chemical, and
metallurgical outcomes. When a leak prevents the system from reaching or maintaining the
specified pressure, the process no longer operates within its validated window.

At higher-than-intended pressures, residual gases remain in the chamber. These gases can react
with materials, interfere with surface conditions, or alter heat transfer characteristics. In heat
treatment processes, for example, this may result in oxidation, decarburization, or inconsistent
hardness profiles. In coating or thin-film applications, it can lead to poor adhesion,
contamination, or defects in layer structure. Even in less sensitive applications, variability in
pressure introduces inconsistency from batch to batch.

One of the most critical challenges is that these effects are often subtle and progressive. Unlike a
complete system failure, a leak rarely causes immediate rejection of all output. Instead, it shifts
the process slightly out of specification. This may manifest as increased rework rates, reduced
yield, or shorter product lifespan. Because these outcomes are not always directly attributed to
vacuum performance, they can persist undiagnosed for extended periods.

4. Utility and gas costs

In controlled atmosphere processes, vacuum leaks also increase utility consumption, particularly
process gas usage. In applications such as heat treatment, controlled atmospheres depend on
maintaining stable conditions within the chamber. Even small levels of air ingress disrupt this
balance, requiring additional nitrogen, argon, or other process gases to restore and maintain
specification.

This additional gas demand is often gradual and difficult to detect in isolation. However, over
time it becomes embedded in normal operating conditions, steadily increasing consumption and
operating cost without a corresponding increase in output.

5. Influence on investment decisions

The solution to leaks, in most cases, is straightforward: find and fix the leak. However, when
leaks go undetected, or when their true impact is not well understood, operations can find
themselves drawing the wrong conclusions. This is when an undetected leak can influence
capital expenditure decisions. A system that consistently underperforms may prompt a decision
to invest in additional pumping capacity, when in reality, the root cause is a leak that could have
been detected and repaired at a fraction of the cost.

Causes of a leak

Leaks are rarely the result of a single failure, but rather gradual deterioration or small
imperfections within the system. Understanding where leaks originate from is the first step
toward controlling their impact. The most common causes are:

1. Seals and gaskets: Elastomer seals degrade over time. They harden, lose elasticity, creep under



load, or are affected by temperature and chemical exposure. What was once a uniform, reliable
seal gradually weakens, allowing air ingress under vacuum conditions.

2. Loosening joints: Mechanical vibration, thermal cycling, and repeated operation can cause
connections to loosen over time. Leaks may also originate from assembly issues such as flange
misalignment, uneven bolt torque, or minor surface damage. Under vacuum, these small
imperfections become leak paths.

3. Welding or soldering defects: Manufacturing imperfections such as porosity, incomplete
fusion, or microcracks can remain dormant for extended periods. However, under mechanical
stress, pressure fluctuations, or thermal cycling, these defects can propagate and develop into
leaks.

4. Pitting corrosion: Corrosion caused by moisture, aggressive gases, or process by-products can
gradually degrade material surfaces. Over time, localized pitting reduces wall thickness and
creates microscopic pathways for air ingress.

Leak detection as a preventive strategy
Given their hidden but cumulative impact, leaks must be managed proactively rather than
reactively. In practice, this means:

+ Optimizing system design to reduce leak risk, for example by selecting materials suited to the
operating pressure and minimizing joints, bends, and

dead volumes.

+ Ensuring careful installation and maintenance, including proper handling of components,
verification of system tightness after shutdowns or

interventions, and bake-out procedures to remove trapped moisture and gases where necessary.

* Integrating leak detection into routine preventive maintenance, with targeted checks on high-
risk areas such as welds, flanges, and seals, as well as the
use of baseline leak-rate data to monitor system integrity over time.

Conclusion
Leaks rarely trigger alarms, yet they continuously influence energy consumption, productivity,

and product quality.

Because these effects are incremental, they are often accepted as part of normal operation. In
reality, they represent a hidden but ongoing cost embedded within everyday operations.

Avoiding leaks requires a proactive approach to identify leaks early and action repairs as a
priority.

Those who do this effectively do more than reduce inefficiency. They protect process stability,



improve productivity, and avoid unnecessary investment, ultimately strengthening both
operational performance and profitability.
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