POLYTECHNIC
UNIVERSITY

This study presents a structured, data-driven framework to
Improve the efficiency, traceability, and compliance of
pharmaceutical equipment decommissioning using the Lean Six
Sigma DMAIC (Define, Measure, Analyze, Improve, Control)
methodology. Key Inefficiencies—such as  inconsistent
documentation, delayed evidence review, and lack of performance
metrics—were addressed through standardized checklists, peer-
review checkpoints, and formalized protocols. Post-
Implementation analysis of 64 decommissioning reports yielded a
68.95% process yield and a sigma level of 2.0, establishing an
Initial benchmark for ongoing improvement. Although baseline
data were unavailable, three performance metrics (efficiency,
traceability, and documentation accuracy) were defined to guide
future evaluation. This framework offers a replicable model for
compliance-driven process improvement.

Introduction

This research applies the Lean Six Sigma DMAIC methodology to
Improve the efficiency, traceability, and regulatory compliance of
pharmaceutical equipment decommissioning processes. The
resulting framework introduces standardized tools, performance
metrics, and cross-functional checkpoints to reduce variability,
enhance traceability, and support consistent, audit-ready execution
throughout the decommissioning lifecycle.

Background

Pharmaceutical equipment decommissioning Is a critical process
governed by regulatory standards such as the FDA’s 21 CFR Parts
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The application of the DMAIC framework significantly improved the

This study used the Lean Six Sigma DMAIC framework to
optimize pharmaceutical equipment decommissioning. In the
Define phase, the project scope was established through a charter,
SIPOC analysis, and stakeholder interviews. The Measure phase
Involved developing a data collection plan, defining key variables,
and using a Value Stream Map, descriptive statistics, and I-MR
charts to assess cycle time, variability, and documentation errors,
establishing post-implementation benchmarks. During Analyze,
root causes were identified using Fishbone diagrams, the 5 Whys,
and FMEA to prioritize critical deficiencies. The Improve phase
Introduced standardized checklists, peer-review checkpoints, and
revised procedures to address key inefficiencies. Finally, the
Control phase implemented monitoring plans, statistical tools, and
a RACI matrix to sustain improvements and ensure GMP and EHS
compliance.
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Inefficiencies and enhancing documentation practices. Analysis of 64
completed decommissioning reports revealed an average process duration of
120.6 days, with the greatest variability occurring during the evidence
collection phase, as illustrated in the Value Stream Map (Figure 1). Capability
analysis (Figure 2) yielded a sigma level of 2.0 and a process yield of 68.95%,
establishing a baseline performance benchmark for ongoing monitoring.
Boxplots (Figure 3) further confirmed that early stages—particularly evidence
collection—exhibited the highest variability. The I-MR chart (Figure 4)
Instability between evidence collection and
evaluation, with over 53% of data points falling outside control limits. Root
cause analysis using a Fishbone Diagram and Failure Modes and Effects
Analysis (Table 1) identified inconsistent documentation, lack of formal
training, and the absence of performance metrics as primary contributors to
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Inefficiency.

statistical

To address these issues, targeted solutions such as standardized checklists,
peer-review checkpoints, and revised procedures were developed and
prioritized based on impact and feasibility (Table 2). A cost-benefit estimate
(Table 3) projected a net annual savings of $25,025, confirming the
operational and financial value of the interventions. Pilot testing demonstrated
early reductions in documentation errors and improved workflow consistency.
These gains were consolidated in an updated decommissioning process design
that streamlined tasks, clarified roles, and integrated control points for
performance monitoring (Table 4). Additionally, three performance metrics—
focusing on efficiency, traceability, and documentation accuracy—were
defined to guide continuous improvement and compliance tracking (Table 5).

Collectively, the results confirm that structured standardization and cross-
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This research demonstrated that applying the Lean Six
Sigma DMAIC framework can significantly enhance the
efficiency, traceability, and regulatory compliance of
pharmaceutical equipment decommissioning. Despite the
absence of baseline data, the project established a sigma
level of 2.0 and defined key performance metrics to guide
continuous Improvement. Targeted interventions—such as
standardized documentation checklists and peer-review
checkpoints—reduced errors, improved consistency, and
supported post-implementation monitoring. A cost-benefit
analysis projected a net annual savings of $25,025,
reinforcing the operational and financial impact of the
Improvements. By fostering cross-functional collaboration
and aligning with GMP and EHS standards, the study offers
a scalable, compliance-ready model that contributes to best
practices In pharmaceutical quality systems.

Future Work

Future efforts will focus on validating the framework across
diverse facilities and conducting multi-site studies with

economic and longitudinal assessments. Additional
exploration of automated monitoring, predictive analytics,
and Al-based maintenance may further enhance proactive
decommissioning strategies. These efforts aim to strengthen
long-term sustainability and support broader adoption
across the pharmaceutical industry.
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