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Abstract: Even if Lean and Six Sigma tools are available for large audiences, many of the continuous
improvement projects fail due to the lack of a pathway that ensures appropriate results in a timely
manner. We would like to address this universal issue by generating, testing and validating an
algorithm that improves manufacturing processes in a controlled manner. With a selection of the
most valuable set of tools and concepts implemented in a specific order, a guideline for successful
project implementation is proposed. Decreasing the overall number of continuous improvement
project failures is the main scope of our algorithm and suggested methodology.

Keywords: lean manufacturing; Six Sigma; pharma industry; algorithm; roadmap; project
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1. Introduction

The continuous improvement of ongoing processes is a natural target for any company that aspires
to maintain a competitive advantage on the market. Lean Six Sigma is one of the main methodologies
preferred to be implemented with this scope and it maintains a continuous improvement culture and
proper results [1]. Even if the Lean and Six Sigma tools are available for the larger public, many of
the projects fail due to the lack of a pathway that ensures appropriate results in a timely manner [2,3].
We would like to address this universal issue by generating, testing and validating an algorithm that
improves manufacturing processes in a controlled manner. As per our knowledge, an algorithm which
addresses this general issue in such detail is not yet available. Decreasing the number of continuous
improvement projects failures is the main scope of our algorithm.

2. Theoretical Background

Lean Six Sigma is a continuous improvement culture applied all across the world in several
industries, with the deepest roots in automotive [4]. Even if the Lean principles have been available for
over 30 years [5], many of the continuous improvement projects using its tools fail by missing a proper
roadmap for applying them [1,2]. By starting to implement a project without the satisfaction of seeing its
results in a timely manner, the project leaders will lose hope and motivation and will abandon the journey.
Losing time and money without obtaining results is a no-go for any company. Lean Manufacturing
and Six Sigma tools fusion has been proven to have beneficial effects in several companies and
industrial fields [6–8]. Nevertheless, the missing link of a detailed implementation algorithm for the
manufacturing area does not exist according to our knowledge. With high achievements reported
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across the world [9–14], the rate of Lean Six Sigma projects abandoned or failed is kept behind the
curtains. Short-term goals and achievements are key aspects in change management and a successful
continuous improvement project implementation [15].

3. Materials and Methods

In order to generate the proposed algorithm, several studies have been conducted to reveal the
most used and efficient Lean Six Sigma tools across several global industries, and the obtained results
have been embedded in the suggested structure [16,17]. According to analysis made in various fields,
such as automotive, aeronautical, steel and pharmaceutical, a resemblance regarding the challenges
faced in manufacturing areas defines four generic issues marked in the algorithm as P1–P4, with the
assigned improvement projects: cycle time decrease (P1), changeover time reduction (P2), output increase
(P3), defective parts decrease (P4). A pilot project has been conducted in the pharmaceutical industry
in the original form of the algorithm to be able to adapt it to the needs and shop floor reality of the
manufacturing area [18]. The lessons learned, key take-aways, best order and timing for the LSS tools’
usage have been embedded in the final form of the algorithm [19–24].

The ultimate form of the generated algorithm, represented in Figure 1, has been implemented in
the pharmaceutical industry, at a manufacturing site. The designated manufacturing line for applying
the algorithm was the bottle packaging line for suspensions where the Overall Equipment Effectiveness
(OEE, internally treated as OAE—Overall Asset Effectiveness) needed to be increased as customer
demand has been forecasted to continue growing over time and capacity constraint has already
been reached. The algorithm, represented in Figure 1, has been validated by positively affecting the
OAE KPI (Key Performance Indicator) which includes several additional CTQs (Critical To Quality),
such as weekly unplanned stoppages time, weekly planned stoppage time and weekly/monthly output.
Under the umbrella of OAE, challenges regarding P1–P4 were proposed to be solved. An OAE increase
of 10% from a baseline of 25% to the new value of 35% would increase productivity by over 30%.
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Figure 1. The Lean Six Sigma algorithm.

The main methodology for implementing the algorithm is revealed in a separate paper and states
explicit examples of using the Lean Six Sigma tools and tips for applying them. The detailed results
for the OAE components, such as planned and unplanned stoppage time, decrease, weekly output
increases and waste (muda) removal results are presented in a related paper.
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4. Results

The Lean Six Sigma algorithm has been implemented for the presented project with a total
analyzed timeframe of 18 months, out of which the core implementation period for most of the actions
was six months. First, significant results could be noticed after a period of only two months from
starting to implement the initial actions and discipline into the process. All the results have been
obtained by following the algorithm.

With OAE being a complex KPI with several components, we tracked the daily, weekly and
monthly performance, along with one of its components, on a weekly basis: changeovers, packaging
line speed, unplanned stoppages, weekly output. As represented in Figure 2, OAE has been improved
by 9% from 25% to a new baseline of 34%.
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Figure 2. Overall Asset Effectiveness improvement.

The OAE Loss Tree presented in Figure 3 considers the losses from a time perspective, deliberately
ignoring good count and asset net running speed. Nevertheless, both factors were included in the
OAE calculation. We suggest targeting the OAE Loss Tree components as goals for smaller projects,
and approaching them as a whole, in a structured manner according to the suggested algorithm, for the
more complex ones.
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5. Discussion

The suggested Lean Six Sigma algorithm is structured on the standard DMAIC phases with
the specific Lean Manufacturing and Six Sigma tools and suggestions for guidance, organized in
the appropriate order for proper implementation. Following the Define, Measure, Analyze, Improve
and Control project phases, the actions have been implemented in the manufacturing area of one
pharmaceutical company. This current paper’s purpose is not to offer specific details regarding the
implementation of each tool used; those key aspects are covered in a separate material.

The main scope of the algorithm is decreasing the failure rate of the continuous improvement
projects in the manufacturing areas. We addressed this universal issue by generating, testing and
validating through results, an algorithm that improves the manufacturing processes in a controlled
manner. The algorithm has been applied, tested and validated in the manufacturing area of a
pharmaceutical company, yet conceived to enhance the improvement project’s results in multiple
batch manufacturing environments. Through improving the complex OAE KPI and its components,
we consider the algorithm as a successful pathway in decreasing the failure rate of Lean Six Sigma
continuous improvement projects. Through generating and testing a Lean Six Sigma algorithm for
process improvement, using specific tools and techniques, we dispatch a validated roadmap for a
general issue unaddressed in such detail until today.
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