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Saving Costs Without Cutting Corners: Seal
Replacement as a Cost Avoidance Strategy

Chuck Haeger n biopharmaceutical manufacturing, cost-saving measures are often synonymous with

Production And Order . . . . . .
Fulfillment Manager risk—especially when they compromise product quality, process integrity, or regulatory
Asahi Kasei Bioprocess compliance. However, not all savings come at a cost. Proactively replacing worn or

degraded seals in synthesis columns is a small operational investment that can prevent costly
failures, downtime, and even batch loss. Rather than being a nonessential cost, routine seal
replacement is a strategic cost avoidance tactic—one that upholds quality, ensures process
consistency, and safeguards long-term profitability. This article explores how a proactive seal
management program can deliver real ROI, and why this seemingly minor maintenance activity
is essential for operational excellence in regulated manufacturing environments.

Rather than being

a nonessential cost,
routine seal replacement
is a strategic cost
avoidance tactic...

While replacing seals on synthesis columns may seem like a routine maintenance task, the
cost differential between proactive replacement and the fallout from a contamination event is
stark. Routine replacement of column seals is a low-cost, high-impact strategy that mitigates
the risk of product contamination and regulatory non-compliance. Seals fabricated from
materials such as PTFE, FKM, or EPDM often represent a considerable investment depending
on chemical exposure and pressure requirements. Replacement during scheduled preventive
maintenance adds minimal downtime and can be integrated into existing equipment validation
protocols. In contrast, seal failure can lead to undetected ingress of contaminants or cross-
contamination between synthesis steps—events that carry significant financial and

regulatory consequences.
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Chuck Haeger In a 2022 FDA warning letter to a U.S. pharmaceutical manufacturer, investigators cited

Production And Order . . . . e

Fulfiliment Manager the failure to routinely inspect and replace degraded gaskets and seals in critical process

Asahi Kasei Bioprocess equipment, resulting in visible black particulates in finished drug product (FDA Warning Letter
624650)' The affected batches were rejected, and the firm was required to halt production
pending remediation and revalidation. In similar documented industry cases, the total cost
of a single contamination event—including rejected product, investigation, batch recalls, and

production downtime—can exceed hundreds of thousands to millions in damages.

From a risk-based manufacturing perspective, the ROl on proactive seal replacement is clear.
By adhering to lifecycle-based replacement schedules and material compatibility assessments,
facilities can prevent deviations, maintain product integrity, and ensure audit readiness. This
is not just about maintenance—it’s about protecting process reliability, patient safety, and the
bottom line.

By adhering to lifecycle-
based replacement
schedules and

material compatibility

assessments, facilities
can prevent deviations,
maintain product

integrity, and ensure In batch-based synthesis operations, proactive maintenance isn’t just a best practice—it’s a

audit readiness. measurable contributor to return on investment (ROI). Unlike continuous processes where
interruptions can be buffered by upstream redundancy, batch manufacturing is acutely
vulnerable to equipment downtime and quality deviations. By contrast, implementing a
structured preventive maintenance program—targeting critical components such as column
seals, valves, and instrumentation—can dramatically reduce unplanned outages. For example,
regular inspection and replacement of synthesis column seals at validated intervals may
cost $3,000-$5,000 annually per line, including parts and labor. Yet, this investment can
prevent contamination or equipment failures that could result in batch rejections, production
stoppages, or extended deviation investigations—each with costs easily exceeding $100,000.

 https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/warning-letters/ultra-seal-
corporation-624650-03142022.
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With more than 35 years of
experience in production
management —including 15
with an emphasis on assembly/
qualification of purification

and synthesis columns — Chuck
Haeger has a unique brand

of expertise he leverages to
empower his teams to deliver
high quality products, all while
also managing spare parts
inventory and order fulfillment.

For manufacturers
looking to improve
reliability while keeping
costs in check, Al-
powered seal monitoring
offers a clear path to
smarter, more

efficient operations.

Moreover, facilities that proactively maintain equipment are less likely to incur regulatory
citations, thereby reducing compliance risk and the potential costs of revalidation or
remediation. When calculated over a fiscal year, the avoided costs from just two or three
averted irregularities often exceed the full annual maintenance spend, delivering a strong
positive ROI. Ultimately, in the high-stakes environment of Good Manufacturing Practices
(GMP)-regulated batch production, proactive maintenance is not an overhead—it’s a form of
operational insurance with predictable returns.

Artificial Intelligence (Al) is rapidly gaining recognition as a key driver of autonomous
manufacturing across industries. While it has yet to be fully integrated into seal maintenance
practices within biomanufacturing, Al holds tremendous potential to revolutionize how
manufacturers manage seals in synthesis columns—shifting maintenance from reactive,
schedule-based routines to proactive, data-driven strategies. By analyzing historical process
data—such as pressure patterns, temperature fluctuations, and past seal failure timelines—Al
algorithms can identify subtle trends and anomalies that indicate early-stage seal wear. This
enables facilities to predict when a seal is likely to fail, allowing for timely replacement that
avoids both premature servicing and costly unplanned downtime.

In advanced implementations, Al systems can even correlate seal degradation patterns with
batch performance, offering deeper insight into how seal health impacts yield and product
quality. Integrating Al into maintenance workflows doesn’t necessarily require massive
infrastructure upgrades; many platforms can operate alongside existing sensors and control
systems, making the transition both accessible and scalable. For manufacturers looking to
improve reliability while keeping costs in check, Al-powered seal monitoring offers a clear path
to smarter, more efficient operations.

© Asahi Kasei Bioprocess America, Inc. All rights reserved. | UME98V04-4.8 Page 3 of 4



The Column voi.4s Saving Costs Without Cutting Corners Asa hi KASEI

BIOPROCESS

Saving Costs Without Cutting Corners: Seal
Replacement as a Cost Avoidance Strategy

gh“;k :aeg:’d ord Recent research in bioprocessing demonstrates how machine learning can significantly
roauction An raer . . . i . . .

Fulfillment Manager improve maintenance strategies for critical components like seals in synthesis columns. A

Asahi Kasei Bioprocess study applied advanced algorithms—Principal Component Analysis (PCA), Isolation Forests (IF),

and Long Short-Term Memory (LSTM) autoencoders—to Protein A chromatography systems
and successfully detected structural anomalies and integrity issues up to four cycles before
failure.? Although the focus was column performance, many of these anomalies stem from

seal deterioration or compromised packing, which manifest as subtle shifts in pressure, flow,
or resin performance. By leveraging these early warning signals, manufacturers can transition
from fixed-interval seal replacements to condition-guided maintenance, replacing seals

only when needed. This reduces both material costs and labor while ensuring uninterrupted
operation. In essence, Al-powered monitoring offers a low-investment, high-impact solution to
bolster equipment reliability and drive down total cost of ownership in biomanufacturing.

Recent research
in bioprocessing

demonstrates how

machine learning can
significantly improve In batch-based synthesis, the cost of replacing seals pales in comparison to the financial and
reputational damage caused by contamination or process failure. What may seem like a minor
maintenance task is, in fact, a pivotal safeguard—preserving product integrity, minimizing
unplanned downtime, and ensuring regulatory compliance. By investing in routine seal
replacement, manufacturers aren’t simply maintaining equipment; they’re making a strategic
synthesis columns. decision to avoid far greater costs down the line. In today’s margin-conscious environment,
this kind of proactive maintenance is not an expense—it’s a smart, measurable investment in
long-term operational resilience.

maintenance strategies
for critical components
like seals in

Questions?
Email me at

Chuck.Haeger@ak-bio.com

2 https://www.sciencedirect.com/science/article/abs/pii/S0021967322006781.
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