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Introduction

FROM THE FOUNDATIONS of Lean to the Era of Digital
Flow

When Takt Time: A Guide to the Very Basic Lean Calculation
was first published in 2020, its purpose was simple: to make
one of lean manufacturing’s most essential yet misunderstood
concepts—takt time—clear, practical, and accessible to every
professional on the shop floor. It was written for an era when
many factories still struggled to synchronize production
rhythm with customer demand, and where lean principles were
only beginning to take root beyond the automotive world.

Five years later, the industrial landscape has transformed.

Today’s factories are not only lean—they are connected,
automated, and data-driven. Sensors monitor every process.
Real-time dashboards display performance. Artificial
intelligence predicts demand shifts before they occur. And yet,
amid all this digital sophistication, the fundamental question
remains the same:

“Are we producing at the rhythm of customer demand?”

That question is still answered by takt time.

This Enhanced Edition was written for the modern era of
digitization, automation, and artificial intelligence. It builds
upon the foundations of the 2020 edition but expands far

3



beyond it—bridging the gap between traditional lean
concepts and digital operations management. You will find
not only the classical takt time formula and guidelines, but also
new methods to:

• Monitor takt time in real time using IoT and MES
systems.

• Integrate takt synchronization with AI-driven
demand forecasting.

• Apply takt-based thinking to service, logistics, and
healthcare sectors.

• Adapt takt time dynamically in the face of demand
variability and global supply-chain disruptions.

In this new age, takt time is no longer a static number—it is a
living signal that connects machines, people, and information.
The challenge for modern leaders is not only to calculate it, but
to listen to it, adjust to it, and lead by it.

The chapters that follow will help you do exactly that.

We will start with the foundations of lean—the timeless
equations and shop-floor wisdom that built Toyota’s
production culture—and then progressively move toward the
digital synchronization of production and demand that
defines Industry 4.0.

Each chapter ends with key takeaways, checklists, and visual
placeholders to help you apply these concepts in your own
environment. Whether you are an engineer, a plant manager,
a consultant, or an operations leader, this book will give you
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a structured, data-driven way to see flow, detect imbalance,
and create stability—even in an unstable world.
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Author’s Note

I AM Dr. Mohamed Hamed Ahmed Soliman, an industrial
engineer, consultant, university lecturer, and author. I
currently teach and conduct research at The American
University in Cairo, where I specialize in industrial and
systems engineering, lean manufacturing, and operational
excellence.

Over the past two decades, I have worked across a variety of
industries—including crystal-glass manufacturing, fertilizers,
and chemical processing—helping organizations transform
their operations and build continuous improvement cultures.
My experience in both academia and industry has allowed me
to connect theory with practice, turning complex systems into
simple, teachable methods that engineers and managers can
implement immediately.

I have authored and published over 130 books and
professional guides covering lean manufacturing, leadership,
industrial systems, and business transformation. My research
and writings have been recognized and published in
peer-reviewed international journals and magazines,
including those under SAGE Publications, Industrial
Management, and Lean Thinking.

My professional goal has always been the same: to make
advanced industrial knowledge practical, measurable, and
accessible—and to empower professionals to achieve
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operational excellence through disciplined thinking and
sustainable flow.

This enhanced edition of Takt Time reflects that vision.

It preserves the lean foundations that have guided decades of
manufacturing success but adapts them for the connected,
automated, and intelligent world we now inhabit.

I dedicate this work to engineers, managers, and students who
continue to learn, challenge conventions, and pursue
excellence—one process, one improvement, and one rhythm at
a time.

— Mohamed Hamed Ahmed Soliman

Cairo, Egypt — 2025
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Chapter 1 – Understanding Takt
Time

“FLOW FOLLOWS RHYTHM; rhythm follows the customer.”
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1.1 The Origin of the Concept

THE WORD takt comes from the German Taktzeit, meaning
the beat or rhythm of a musical piece. When adapted to
manufacturing, it represents the rhythm of customer
demand—the pace at which a product must be completed to
satisfy that demand without delay or overproduction.

The concept was first formalized in Germany during the 1930s
aircraft industry and later perfected by Toyota in the 1950s as
a central element of the Toyota Production System (TPS). In
its simplest form, takt time connects two realities that are often
disconnected in factories:

• Customer demand, which drives what should be
produced, and

• Production capability, which determines what can
be produced.

By aligning these two forces, an organization creates harmony
between market pull and shop-floor flow.
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