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This book analyzes the relationship between the different elements of the Toyota Production System (TPS) and how they add up to an economic system rather than just a production system that provides engineering and management solutions to companies. It explains why TPS can be viewed as a science, as opposed to a tool-based technique and an add-on to the current production system.

Our society faces unprecedented economic, social, and environmental challenges. Fortunately, TPS offers solutions born from Toyota’s dissatisfaction with cost-benefit analyses and simplistic trade-offs. These solutions challenge the obsolete model of economies of scale and individual asset efficiency. The Toyota Production System proposes technical and managerial innovations that eliminate pre-existing financial, socio-economic, and environmental contradictions. They achieve harmony among various factors and agents in our societies that were previously believed to be in conflict.

Specifically, TPS achieves:

- Financially: TPS creates coherence between the income statement and cash flow by aiming for total efficiency rather than individual efficiency.

- Socio-managerially: TPS reconciles the creative nature of people with the mundane requirements of modern industrial work by re-introducing craftsmanship into industrial operations.

- Economically: TPS mitigates conflicts between economic growth and environmental management by eliminating unevenness, overburden, and waste instead of systematically seeking economies of scale through overproduction.

These innovations bring financial benefits to the company, social benefits to workers, and economic and environmental benefits to our collective society. Each of these benefits supports the others as opposed to itself individually. The result is true, as opposed to apparent efficiency. This efficiency is measurable, reproducible, and deserves to be established as a scientific discipline that is applied not just in business but more broadly to the general aspects of our economy as a whole.
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The Toyota Economic System Book 3 - The Managerial Element: Reconciling Industrial Work with Human Nature. With a thorough grasp of the philosophy and a proper technical understanding of TPS, one can now lead people effectively to grow and sustain a TPS-like culture. Ideal for managers.
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Is it possible to hope for the growth of a market leader, the profitability of a high-end boutique, and a deep commitment to social and environmental responsibility? Yes. Absolutely. While its competitors keep explaining that this triptych is impossible, Toyota continues to progress in this direction. While national manufacturers of industrialized countries are constantly declining on their own territory, Toyota is developing and producing high quality commodity products profitably in its factory throughout industrialized nations, while its rivals make big swings to the right and then to the left with large and “disruptive” projects, “inevitable” delocalization, or attacking new “promising” export markets, Toyota continues to steer its course calmly, enduring the same crises and disasters as the others with unwavering resilience and repeating the secret of its success: the Toyota Production System (TPS), the method that allows the company to win through the quality of products based on the development of people.

Olivier Larue experienced TPS from the inside by working for Toyota during its American expansion, and especially by joining the internal structure for teaching TPS to suppliers and other organizations in Toyota’s ecosystem in the US. He saw with his own eyes the Toyota system working in the group’s factories (which benefit from a century of accumulated knowledge in solving increasingly fine problems) and also actively took part in its implementation in non-Toyota companies with their own cultures, technologies, and ways of operating.

With this unique experience and under the tutelage of the famous “senseis” (TPS experts whose role is to transmit the principles, techniques, and values of the approach), he came to master the fundamental difference in the conception of a classic company derived from the reasoning and attitudes of mass production and a “lean” company in the image of Toyota that applies its reasoning, principles, and techniques while preserving its uniqueness and specificities. He concluded that adding an extra layer of TPS to the current functioning of a company is not enough to achieve visible and lasting results. It must be adopted more deeply in managerial attitudes and daily practices to see its profound meaning: it is not a superficial modification of mass production but the discovery of a truly different paradigm of the company as a whole.

The Toyota Production System itself is a set of thorny problems posed to management:

- How to more completely satisfy customers?

- How to better build quality into the process itself?

- How to reduce stagnations at their source?

- How to engage teams more in the knowledge of their work and continuous improvement?

- How to stabilize work environments and employment conditions to allow everyone to progress and fully realize themselves in their position?

We know from experience that addressing these questions makes an operation more efficient, more profitable, more sustainable, and more responsible for their environment. In this book, the author explains why this system works and how it is indeed a complete economic model that seeks total and true efficiency and not merely a sum of individual and apparent efficiencies.

This new paradigm moves beyond the goal of trying to do more with the same resources—the basic reflex of all mass producers, leading to overproduction relative to demand, then having to offer discounts to get rid of excess stock, and thus fueling the overconsumption that plagues our societies. Instead, it aims to always produce the same quantity with fewer resources by eliminating waste—the unnecessary work imposed by poor understanding of operations and problem-solving. Removing excess material, machines and labor from processes (while preserving the stability of quality and volume) allows the creation of new production cells to meet growing demand, or to shift resources towards supporting innovation.

This simple and brilliant intuition of Toyota leads to building a very different economic system that does not rely on excessive financing or terrible externalities suffered by society, but on the development of human capital and healthy productivity achieved in cooperation with people instead of against them—the economic system that the author develops and explains brilliantly in this indispensable course on lean thinking.

I am very grateful to Olivier for taking the time to write this fundamental book. He made me put my finger on an idea I couldn’t quite define, which is, from my point of view, at the heart of the societal crises we have been experiencing since the turn of the millennium. The New World’s model of progress requires a high level of chaos, theorized as “creative destruction.” Some companies must die to be replaced by new, more innovative ones. But this chaos, as innovative and disruptive as it may be, also has a very high social cost that this “New World” culture seems willing to pay, but which is seen as profoundly deleterious in older, wiser societies. The economic model invented by Toyota is spectacular in that it is not only more efficient in terms of growth and profitability, but it is based on the stability of relationships with customers, employees, suppliers, and the entire societal environment. Stability does not mean immobility or rigidity. The model is stable precisely because it is built on rapid change (from one product to another, from one series to another, from one design to another) within the framework of deep and dynamic relationships that allow continuous innovation through kaizen.

This is a book to read and meditate on. A book that provides powerful insight into the hidden engine of the Toyota Production System: its economic model. Do not engage in a lean attempt without first reading Olivier’s book and grasping the structural differences between “lean” mental models and those taught to us from mass production or craftsmanship point of view. An exceptional intellectual tour de force, this book will instantly become one of the great classics of the lean library!




Michael Ballé

Author, 5 times winner Shingo Prize Award, Editorial Board Member of Planet-Lean, co-founder Lean Sensei Partners, Co-Founder Institut Lean France. 


Introduction




Where does progress come from?

We often think of historical progression as a history of products—the invention of the wheel, the ages of stone, bronze, and iron, the power of steam and internal combustion engines. The evolution of our products and how we use them has undoubtedly transformed our quality of life. However, the evolution of our systems of production—the methods that we use to organize material and labor in order to make our products—has arguably had even more impact on the human condition. The transition from hunter/gathering to craftsmanship to the assembly line has defined distinct ages of human prosperity.

While our products have continued to evolve at an accelerating pace, most everything today is still made using the system of mass production that emerged over two hundred years ago during the Industrial Revolution. In mass production, work is broken down into small elements and performed largely by specialized machines that are grouped together by their function. This lets us produce inexpensive products at scales far greater than ever before. Like all systems, systems of mass production have some tradeoffs that are intrinsic to their design. The problem is that as they pursue profitability by scaling up production, the financial, social, and environmental costs they generate also increase. The firm bears some of these effects, while others are offloaded onto others or the environment.

Is this the way it has to be? Are there any primary means of increasing profit beyond increasing the scale of production? Have we reached the ideal end state? If we could wave a magic wand and create the perfect system of production, what would it look like?

Imagine a system where the moment a customer buys something, it is immediately delivered, exactly as they want it, using only the exact minimum of material and effort needed to make it. The system of production that first emerged at Toyota Motor Corp. is the best current approximation of that system. Although Toyota is mostly known for making gas-efficient, dependable cars, Toyota also invented a new production methodology, building upon the innovations that Henry Ford and other pioneers in industrial production had made. After WW2, Toyota introduced its new production system that today is commonly referred to as Lean. Post-war Japan was an environment of stifling material scarcity, and the small car company had to find a way to compete against the American auto manufacturing giants of Ford, GM, and Chrysler while having access to fewer resources and smaller markets. The system of production they pioneered led the small firm not only to survive, but to slowly and steadily out-compete their established competition. Today, Toyota is the largest automobile manufacturer[1] with over 10% of the global car market and accounts for nearly 15% of US car sales. It is also, in terms of net income, the most profitable manufacturer of economy class cars—the largest and most competitive segment of the automotive market. Toyota’s net income over the past 12 months as of December 2024 is $28.461B, followed by VW at $12.964B, the next largest competitor in terms of cars sold.
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Automobile companies’ net income over the past 12 months (HYMLF). Last updated December 26, 2024. © 2024 FinanceCharts.com 




But Toyota has not been the only winner. The Toyota Production System (TPS) provides a way for companies to increase profit by reducing waste while retaining the same capacity to reduce costs through scale. TPS also eliminates the systemic contradictions that drive much of the negative externalities generated by the current system. This means that TPS aligns industrial production with what not only is better for the firm’s financials, but also what is favorable to the worker, the environment and the customer while building resilience to economic downturns and increasing competitiveness.

If TPS is so good, why hasn’t it been adopted more widely? 

Skepticism

You may be wondering if this is realistic or whether this level of idealism can compete with the way things are currently done. Furthermore, if this is so good, wouldn’t it be everywhere by now? The reality is that most people who are in a position to implement TPS are simply not aware of it. Managers, leaders, professors, and elected officials have often simply not been exposed to the scope and significance of what TPS can do in the enterprise, governmental, or macroeconomic domain. 

TPS is often misunderstood or poorly understood. The fact that TPS is a system makes it a large concept, like the internet or the combustion engine, and does not fit naturally into the scope of human awareness all at once. It takes time to fully grasp why each element is needed and how they operate together in a coherent system. It also requires adherence to a set of principles that may be perceived by a newcomer as restrictive rather than enabling.

Cost of conversion

TPS is vastly easier to set up at the outset than to retrofit existing operations. Fully converting existing operations is often prohibitively expensive, as previous investments in mass production infrastructure would need to be changed or redesigned. This could include machinery, supply chain contracts, or the need to have products and facilities re-validated and recertified. Therefore, the change often must be gradual.

Moreover, converting requires retraining, culture change, and a shift in perspective. One must let go of the sense of comfort that overabundance provides–that we will be okay because we have more than we need. Beyond a system of manufacturing, TPS entails a way of thinking akin to a worldview–something which is far more difficult to change than initially acquire. Taiichi Ohno, who is widely seen as a father of TPS, describes the depth of this necessary shift in perspective in his seminal book Toyota Production System, Beyond Large-Scale Production, stating: “A revolution in consciousness is indispensable.”

You are unlikely to have a revolution in consciousness by yourself. TPS skills take time to master and are usually learned in a hands-on way.

This learning can only be successfully carried out within the framework of a concrete TPS approach, of which there are relatively few. The chance of someone serendipitously being exposed to TPS in the wild is, unfortunately, very low.

Companies feel few of the pain points they create

The current regulatory environment of many industrialized countries allows firms to offload many of their costs related to the mass production system while leveraging the benefits of scale that it provides. Companies today are generally free to:

- Increase constrained financial liquidity under mass production through complex and risky financial instruments, instead of from operations.

- Use polluting chemicals to increase output and “improve” products. Think pesticides, plastics, and non-stick cookware[2], among others.

- Benefit from lower wages and lower work safety standards in developing countries.




- Achieve economies of scale up to near monopoly status.

Together, these trade-offs create minimal short-term incentives for companies to invest in new methodologies like TPS. The long-term consequences, however, are unsustainable.

Partial Application Yields Partial Results

TQM, Lean, Six Sigma, and Agile are all methodologies that can improve efficiency and quality in production processes. However, without a systemic overhaul, any operational improvements can merely produce a better version of the mass production system. They alone cannot change the type of costs inherently generated by the system’s design.

Usually, elements of TPS are introduced piecemeal as part of a managerial initiative. These are born and die with the leader and rarely survive business hardship. Hiring a consultant to reduce costs is like hiring a personal trainer to lose weight. It may work for a while, but unless you cultivate a sustained internal desire for a new long-term way of doing things, success is often short-lived.

That said, these initiatives usually do provide some benefit, which has the effect of making them seem successful. This works to limit the adoption of TPS as a whole, preventing the big systemic benefits from being realized or sought after. It also conflicts with the long-term mindset inherent in TPS, and this approach is far from what TPS is intended to do.

Moreover, in a corporate setting, the big gains from TPS only begin to occur once you have integrated the entire supply chain into a coordinated system. The high labor turnover rate and short-term contracts that are typical with suppliers are serious impediments to generating genuine interest, buy-in, or deep understanding of the concepts involved. 

The components of TPS have seen a wide spectrum of adoption. In the world of psychology, Jean Piaget created a framework for evaluating the extent to which we embrace new ideas. Some companies merely “assimilate” the concepts of TPS into their operations, while others “accommodate” them into their design. He defines assimilation as the integration of new information into one’s existing mental structures, while accommodation is the evolution of one’s way of thinking around new information. A child who encounters a cat for the first time might initially think it is a type of dog. When they learn, it is a different animal, they adjust their framework to accommodate this new information. Similarly, TPS is not a new version of the mass production system but an entirely new system of production and economy.

The Adoption of TPS Requires Perseverance

Though the progress to date has been disappointing, I do not see it as a reason to give up. I am not the first to write about TPS. In fact, there are probably more books about the Toyota Production System than there are organizations successfully practicing it. Most presentations of TPS are accurate and informative, but it takes time and repetition for the picture to come fully into view. Most people do not feel they fully understand what it is and why its components are designed to work together exactly as they do. It takes time for the necessary shift in perspective to occur.

As a result, many books on TPS either try to oversimplify for an audience that is looking for a quick fix, focus only on a piece of the system, or explain in complex mathematical terms to a narrow band of experts. After all these years, TPS remains something of a mystery outside of Toyota. In fact, few companies, even in Japan, have figured out how to achieve its full benefits. Moreover, any link between TPS and its potential impact on the wider economy is yet to be seriously considered. It is, however, imperative that we explore any serious proposal for a solution that could ameliorate the source of many of our largest global problems.

This book aims to explain TPS in a more accessible way while also not watering it down. We will start by introducing the benefits of TPS and the need for change at the enterprise level. Then we will study the philosophical (Book 1), technical (Book 2), and managerial (Book 3) elements of its implementation in detail. As the reader encounters new concepts, I recommend they talk about them with others and apply TPS concepts at work as they read. As with all things, you get out of it what you put into it. Throughout, we will examine the impact a given TPS operation has on the broader environment in which it operates.

Even at Toyota, learning TPS requires perseverance. Toyota does not document its technique and managerial practices as much as it lives its philosophy. When I worked at the Toyota Supplier Support Center (TSSC) in the nineties, my education took place on the shop floor. It was all hands-on learning through trial and error under the guidance of my leader-teacher.

I learned TPS as one would learn a trade. Whatever formal written documentation that existed was kept under lock and key and was not accessible to us learners. Only our manager-teachers dispatched from the Operation Management Consulting Division (OMCD)[3] had access to the little Toyota Handbook (in which very little is written anyway). The idea was that learning conceptually with only one’s head produces “shallow” understanding; deep learning is achieved through practice with the hands. We often think we understand something when we merely comprehend it. One may think they know how to play chess after merely learning the rules. Knowing the rules is not the same as building skills from experience. 

For this reason, this book is not just an account of what I learned from Toyota at The Toyota Supplier Support Center (TSSC), but also an account of my own learning process. You will see the evolution of my understanding of TPS across my initial training, my observations while at Toyota, and my experience implementing TPS in various industries and across many cultures over the last 30 years.

It is important to note that this book and its contents are not endorsed by Toyota, and the views expressed herein are my own. That said, TPS and its benefits have been recognized for decades but are diffusing far too slowly throughout the world. I believe we cannot afford to continue at this painfully slow pace of adoption. Thus, with humility and at the risk of making mistakes, I offer my experience and perspective to increase access to the benefits that TPS and TPS thinking can provide, both to the practitioner and those around them.


Moving Beyond tradeoffs:

From Individual and Apparent Efficiency to Total and True Efficiency


Chapter 1

Production Systems and Their Contribution to Human Progress




Hunter-Gathering/Subsistence

Before mankind started to experiment with designing production systems, we were subjected to nature’s law. In the roughly 1.8 million years of our evolution from homo erectus to modern humans, we survived by relying on what nature produced. Without any significant production of our own design, our notion of efficiency was primarily based on resilience, meaning the ability to adapt to changing environments and cope with scarcity and uncertainty.

Gradually, we began to develop our own means of producing the things we needed to survive. This marked the era of subsistence, where everyone independently produced everything that they had access to beyond what nature provided. The system of craftsmanship grew in tandem with the expansion of commerce, allowing individuals to specialize in producing specific goods, starts to finish. As society continued to evolve, we continued to break down work into ever simpler tasks, which, when coordinated together, allowed for ever-greater scales of production.

One can view this history as a progression across three major systems of production: craftsmanship, the mass production system, and now the Toyota Production System. Put another way, we first learned to make a few things for ourselves, then learned to make them more efficiently in large batches of uniform products, and now we can efficiently make things of many varieties one-by-one as they are desired.

Craftsmanship: The initial Condition of Designed Efficiency

From about 6500 BC to the late 1700s AD, we relied on craftsmanship in which the work of artisans was organized by trade. Items were usually made to order by one, two or a handful of people–usually related–who produced goods in small quantities with limited to no interchangeability of components. The production environment was simple, but the work was complex, and trades were passed from master to apprentice to allow for the large amount of training this work required. There were specialized tools, but few, if any, machines, and production relied entirely on the expertise of the artisan. One benefit of this was that workers were inherently valued and difficult to replace, making this production system rather “humanitarian.” Also, its limited production scale meant it had a minimal negative impact on the environment.

Limitations of craftsmanship

While craftsmanship represented a net improvement on hunter-gathering and subsistence agriculture, its design also contained inherent limitations and trade-offs. The low production capacity that limited environmental impact also kept goods expensive. Thus, production largely focused on luxury goods for the wealthy, leaving most of society exposed to scarcity and famine. While it fostered diversity in product offerings, craftsmanship inherently struggled with scalability and affordability. Additionally, the guild system, which emerged to govern craftsmanship, typically imposed restrictions on entry into the profession and decided how each product should be made, limiting innovation and social mobility.

The Mass Production System: Current State of Efficiencies

After roughly eight thousand years of limited economic growth reliant on craftsmanship, by the late 1700s, the second production system, that of mass production, began to emerge with the Industrial Revolution. Many factors contributed to the birth of this new system. One was the ability to harness larger amounts of energy through water, coal, and steam power, making it possible to transfer expensive and limited human labor to machines. While machines can work much more quickly and exert more power, they cannot easily change what they do. Industrial production, therefore, began to focus on using machines and automation to make identical products in large batches. This resulted in lower costs and wider access to a selection of inexpensive goods, which greatly improved the standard of living for the general population.

As a system of production primarily driven by machines, the mass production system prioritizes individual asset efficiency based on isolated return on investment (ROI) by producing more with the same working hours (Figure 1.1(A).

Efficiency is determined by dividing the output produced by the resources invested over a specific period. Figure 1.1(A) shows that in period 1, with a 1-to-1 input-to-output ratio, the company achieved 100% efficiency.

Efficiency = (60 units of output / 60 units of input) x 100

Efficiency = 100%




Efficiency improves when the output increases, while the amount of input stays the same. During period 2, 60 units of input produced 61 units of output.

Efficiency = (61 units of output / 60 units of input) x 100%

Efficiency = 102%

With constant input and rising output, efficiency improves. 
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Figure 1.1(A)  Forced work approach to efficiency

However, producing more than what is needed in order to drive an asset’s individual efficiency eventually leads to overproduction and other forms of waste, and it is therefore classified in TPS as “forced work.” It does not actually increase the efficiency of the system as a whole, as we will get into. Certain costs are reduced, but new ones are created, and the company has an incentive to displace as much cost as it can onto others outside the firm.

Mass production today continues to make ever more of a particular product, at ever-larger scales, in order to meet its particular concept of efficiency. To quote Michael Balle, Author, 5 times winner Shingo Prize Award:

“Managers have a strong incentive to try and look good by showing successful projects with high ROI and few incentives to tackle the real work of making things work.” [4]

The mass production view of efficiency

This view of efficiency usually takes one of three distinct forms:

- Individual efficiency: Focuses on the efficiency of isolated assets, primarily large, specialized machinery, to maximize return on investment independent of the rest of the system.

- Forced efficiency (also known as forced-work): Closely related, it is the idea of producing at the greatest rate immediately possible. It often entails large batch manufacturing and conveyance of uniform products ahead of actual customer demand to meet forecast budget plans. This can apply to individual assets, people, or the system as a whole.




- Apparent efficiency: Achieved through shifting costs onto others outside the firm or deferring them into the future.




Despite increasing availability of goods and decreasing costs through scale, the mass production system carries with it inherent trade-offs across financial, labor relations, and environmental domains, which also makes it harmful to the environment in which it operates.

Mandatory trade-offs in mass production

Financial trade-offs: Operational inflexibility and the resulting conflict between income and positive cash flow

The task of any business is to provide customers with what they want. In the early days of mass production, customers were largely happy with what manufacturers chose to produce, since the new market of mass-produced goods gave them access to things they had never previously been able to afford. This new economy mostly focused on satisfying essential needs. That condition allowed companies to focus inward, primarily on increasing the efficiency of discreet assets in order to reduce costs. As machine efficiency continued to increase, it led to an abundance of goods, and, in time, production capacity began to exceed customer demand. The marketing that emerged in part to close the gap between demand and excess capacity also drove the maturation of customer expectations.

Today, customers expect high-quality, highly unique (verging on custom made) products, delivered virtually instantly and for a low price. Unfortunately, quality, uniqueness, speed, and cost have always conflicted in the mass production system.

By the mid-20th century, the demand for product variety began to butt up against the limits of the mass production system’s ability to adapt specialized machines made for large batch production. To produce different goods, equipment needed to stop for changeovers, which lowered efficiency and thus profitability. The natural incentive for businesses to focus on asset utilization meant that by and large they chose to stay the course and keep operating isolated assets in large batch production to increase profit via economies of scale. The isolation of assets also increases the reliance on conveyance, particularly in batches.

Increasing the size of batches in operations increases the supply lead-time and increases the amount of inventory the operations need to support themselves. Because inventory ties up cash, increasing inventory decreases cash flow. Therefore, we see the core financial contradiction of the system exposed: pursuing greater profit through this means of batch operation amplifies this structural trade-off between cash flow and profit—both crucial components to any company’s financial health. Why the firm’s profit and positive cash flow conflict in an economy of variety using the mass production system is something we will explore extensively in Book 2.

Long operational lead-times drive forecast scheduling. Guessing wrong can lead to having too much of one product or component and not enough of another. It creates unevenness in the production schedule, overburden on assets, and waste in the work.

Finally, the existence of inventory delays detection of problems like defects, poor workmanship, or inaccurate machine settings, which all lead to greater operational instability. Combined, this creates lower overall efficiency and profitability than there would otherwise be.

These are all symptoms of a production system that is disconnected from its purpose of serving the customer. This has far-reaching consequences. The costs associated with prioritizing individual asset efficiency tend to grow, multiply, and emanate outward from the firm to affect their supply chains and, eventually, the economy as a whole. Many books address how to improve a firm’s profit or cash flow independently, but few include why and how to eliminate this core financial trade-off and its impact on society.

Labor relations trade-offs: Industrial work conflicts with human nature

Another problem is the dehumanization of work in industrial settings. As factories became larger and more complex, the work performed by humans became simpler and less skilled. As the value of expertise faded, labor shifted towards menial tasks like screwing in screws, moving boxes, or pushing buttons. Labor took a backseat as the machine became the most valuable asset in the operation. The mundane work of the industrial system began to conflict with the creative nature of mankind.

Many books address how to improve labor relations and the importance of having respect for people, but few explain how to eliminate the conflict between the tedious requirements of industrial work and the creative nature of people.

Environmental trade-offs: Pollution and the stimulation of artificial demand

The mass production system faces a third challenge: By concentrating discreet processes to achieve economies of scale, we inadvertently separated these processes by greater distances. Today we routinely transport intermediate goods around the world as they are made, increasing the pollution generated by transportation.

Larger batches take longer to produce, decreasing the accuracy of production forecasts and increasing the risk of wasteful overproduction. Finally, the mass production system relies on marketing and planned obsolescence to maintain its notion of individual asset efficiency. These means of artificially stimulating demand unnecessarily deplete resources and emit large amounts of pollution. We can produce everything we need in a sustainable way with a system that does not rely on products that are quickly discarded or trashed.

Although more efficient than the preceding system of craftsmanship, mass production contains inherent trade-offs for the firm, the worker, and the environment that it cannot resolve. 

In summary:

- The availability and affordability of essential goods improve, but the inflexibility to produce customized goods brings financial conflict between simultaneously maximizing profit and cash availability. 

- The routine and mundane nature of work conflicts with the creative nature of mankind. 

- The long-term well-being of the firm and the economy becomes dangerously subordinate to the pursuit of individual metrics that drive unsustainable wastefulness and pollution.

The Toyota Economic System: Target State of Efficiency

First, let us restate that the mass production system forces work by producing more than is needed with the same working hours Figure 1.1(A).
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Figure 1.1(A):  Forced work approach to efficiency




In contrast, TPS produces only what is needed with fewer working hours, which equates to reducing waste. Figure 1.1(B).
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Figure 1.1(B):  Eliminating waste approach to efficiency[5]

Since it takes 60 units of input to produce 60 units of output, when we successfully reduce the input by one unit while maintaining 60 units of output, we gain efficiency.

Efficiency = (60 units of output / 59 units of input) x 100%

Efficiency = 102%

With constant output and decreasing input as a result of eliminating waste, efficiency improves just as in the forced-work condition. In the absence of overproduction and negative externalities, a case could be made that eliminating waste is more efficient than a system using forced work.

Amidst the boom of mass production systems following WW2, Toyota launched its production system. It contrasted with the prevailing view in Western industrial thinking by focusing firstly on reducing waste rather than maximizing output.

Practically, this amounted to:

- Producing only what is needed.

- With fewer hours.




The double positive effect of eliminating overproduction and using fewer resources by eliminating waste greatly improved operational efficiency. We could leave it at that, but a deeper look reveals that it also solved long-lasting contradictions introduced by the mass production system.

Toyota’s method of production turned out to be better suited to:

- Provide diverse high-quality product offering without compromising positive cash flow or profit. Less cash tied up in operations means less reliance on debt for normal operations and greater resilience to economic downturns.

- Train and reward the entire workforce to be problem solvers. This allows the nature of even entry-level positions to work with, rather than against, our inherent creative nature. It also incentivizes the cultivation of a more mature and educated workforce that operates in a more transparent labor relationship.

 -Design the entire company’s operations and culture around the elimination of waste and the reduction of its environmental footprint.

Together, these innovations comprise a system in which the interests of producers and consumers are much more tightly coupled. For this reason, we could just as well think of TPS as the Toyota Economic System. At the production system level, however, TPS technically deploys just-in-time and jidoka methods to produce high-quality goods, on demand, at lower costs, and on time.

Managerially, it deploys frameworks for teamwork and scientific problem solving that leverage our innate ability to develop expertise and quickly adapt. This aligns all roles in the industrial workforce with our shared desire to learn, contribute, belong, and innovate. It unlocks upward mobility for workers and enhances the firm’s agility so that it can efficiently respond to diversified markets.

These technical and managerial innovations eventually converged into several philosophies that now serve as a guide to the implementation of the technical and managerial elements of the system. The philosophies serve to maintain a focus on the customer by investing in people to make improvements where work takes place.

TPS view of efficiency

The way TPS maintains this customer-first focus requires a new approach to efficiency.

TPS defines efficiency as:

- Total efficiency: Focus on the whole system as opposed to individual efficiency. Total efficiency cannot be realized when the performance of one asset, process, factor, or actor is achieved independently from the whole.

- Elimination of waste: Seek to achieve economic benefits by meeting customer demand with fewer resources. Eliminating waste, unevenness, and overburden allows us to create the same value from fewer resources, thereby realizing true cost reduction. This opposes the practice of forced work. It increases operational stability and reduces risk.

- True efficiency: Create economic value without displacing, deferring, or generating any new forms of costs. This opposes apparent efficiency, which does not account for negative externalities.




These philosophies, which were born out of the shop floor to resolve industrial operational contradictions within the organization, not only stand to improve corporate competitiveness and resilience but also to improve the prosperity of the society in which it operates. This book first aims to provide more insight into the Toyota Production System at the enterprise level by elucidating how TPS’s philosophical (Book 1), technical (Book 2) and managerial (Book 3) elements work together in a cohesive system to provide substantial benefits beyond previous production systems.

TPS shatters the myth that trade-offs are mandatory in operational design and management

Technical innovation: Congruency between the income statement and the statement of cash flow

Technically, TPS integrates the strengths of the two previous systems: Collaborative craftsmanship which has the flexibility to bring a customized variety of goods to market, and mass production which lowers costs by making things with much higher efficiency. At the operational level, this integration enables a company to reconcile quality, cost, and lead-time to profitably satisfy today’s diversified product demand. To achieve this, it introduces a set of engineering innovations: Jidoka, just-in-time (JIT), heijunka and standardized work. Book 2 of this body of work will address each one in greater detail. Together, these innovations make it possible to maximize both profit and positive cash flow in an economy of variety instead of having to prioritize one at the expense of the other.

Managerial innovation: Re-humanization of work and congruent labor relations

These technical innovations rely on having a motivated, capable workforce. Toyota has purposely placed a strong emphasis on mutually beneficial labor relations and reintroduced expertise into the industrial setting. Managerially, it brings back the concept of apprenticeship that had been jettisoned in the Industrial Revolution–not in the same way, but with the same importance. By reintroducing expertise and collaborative craftsmanship based on multi-skill building, TPS restores dignity in industrial work. The development of multi-skill expertise in industrial work enables workers to engage in creative tasks, and are given the opportunity to learn rather than merely perform specialized menial labor.

At first glance, the term “performing menial specialized labor” might seem contradictory because “menial” and “specialized” typically have different connotations. Combining these terms describes jobs that require specific skills or knowledge yet are still considered routine, repetitive, or undervalued. In contrast, the term multi-skilled work emphasizes the importance of having workers with diverse skills that can engage in more varied, creative, and meaningful tasks--especially problem solving. This approach values the workers’ expertise, their contribution, and encourages continual learning and collaboration while at the same time fostering a cooperative dynamic between employer and employee. The result is a significant innovation in the field of industrial labor relations.

Environmental innovation: Congruence between economic growth and environmental stewardship 

These philosophical, managerial, and technical practices of waste reduction also initiated a radical shift in culture towards global environmental preservation. By embracing the TPS principle of producing only what is needed with minimal resources, we can escape the singular reliance on increasing output to increase profit. This approach provides a way to meet today’s customer demand for affordable variety while minimizing pollution and resource consumption.

Of course, Toyota is well known for bringing the first hybrid production car to market, but this is merely a byproduct of Toyota’s multi-pronged approach to waste reduction, which incorporates numerous product, process, and work method waste reduction initiatives. These include eliminating overproduction, of course, but also decarbonizing production processes and sourcing and manufacturing locally to reduce conveyance. Additionally, Toyota aims to be able to recycle 99% of the material from their products at the end of their life cycle. This multifaceted strategy embodies a steadfast commitment to responsible green stewardship. As a result, TPS has become recognized as a model for green industrial production.

In 1999, the president of Toyota Motor, Fujio Cho, visited the Toyota Motor Manufacturing North America headquarters in Erlanger, Kentucky, where I was stationed. Mr. Cho was a student under Taiichi Ohno and we looked to him with great respect as we gathered in the atrium to hear him speak.

Mr. Cho announced that the Toyota Sequoia would be introduced in 2000 in response to the popular Ford Expedition which had launched a few years earlier. His enthusiasm, however, was about the launch of the Prius, the first hybrid car in the US. At the time, gas was inexpensive and American consumers wanted larger vehicles. Toyota had to respond with its larger SUV line, but Mr. Cho also explained the importance of a gas-efficient vehicle. He laid out a vision for a less wasteful company that would achieve much more than eliminating waste on the shop floor.

Managerially, Mr. Cho was connecting the dots for all of us: you cannot expect people to take the problem of waste seriously if our product is wasteful—This consistency of purpose must be heard in the message but also felt in action. The market might need a Sequoia class car, but that did not mean abandoning the greater mission. This is the reason that virtually all Toyota models come with a hybrid option, and manufacturing plants have a zero-emission challenge to be achieved by 2050. 

More recently, Toyota unveiled its 1:6:90 rule[6] showing hybrids have a smaller overall environmental impact than electric vehicles. Despite satisfying the market with electric vehicles, Toyota asserts that EVs actually generate thirty-seven times the carbon footprint of comparable hybrids over their lifetime, from production to average end of use. Despite the great appeal of EVs’ instantaneous acceleration and lower costs for fuel and maintenance in sunny regions, Toyota’s position on EV mirrors its long-standing philosophy of true efficiency and environmental stewardship. It demonstrates Toyota’s philosophical framework, consistency of purpose, and long-term adherence to its values.

Potential for a new economic paradigm 

By switching the focus of industrial production from individual isolated asset efficiency to the needs of the customer, and by extension society at large, Toyota could have laid the foundation for a new type of economy. TPS has demonstrated that industrial production can achieve cost reduction and increase financial performance independent of economic growth (Figure 1.1(A) and 1.1(B)). Although TPS can leverage economies of scale to reduce costs, it does not solely depend on it to do so. In TPS, cost reduction comes from “Surviving the Low-Growth Period” (Ohno, 1988) through the elimination of waste rather than solely from economies of scale. In turn, that freedom from reliance on economy of scale makes it possible to go much further in eliminating contradictions and trade-offs in operations (and by extension trade-offs in the economy) than has previously been possible in the system of mass production.

In fact, it was the observation that Toyota did not seem to suffer as much as others from the recession following the oil embargoes of 1973 and 1978 that first inspired Western academics to study it. Academics like Benjamin Coriat wanted to know: How on earth was this possible?

Books 2 and 3 will explain how TPS accomplishes this feat at the firm level, but for the moment, it is essential to understand that TPS brings a series of innovations critical to the modern world of engineering, industrial management, and the greater economy by restoring congruency between the financial statements of the firm, dignity of work, and environmental stewardship. 

TPS offers solutions to these problems through a collection of technical and managerial innovations supported by a philosophy that together forms a coherent system. These innovations, and the enhanced benefits they bring, rely on each other rather than perpetually conflict. For this reason, adopting some of the innovations, but not all of them, brings lackluster results. While some of these technical innovations, such as the Andon Cord, Kanban, and kaizen, have become well known, the greater system they are a part of is not commonly understood. Because the principles, practices, and techniques of TPS are tightly intertwined and mostly tacitly acquired inside Toyota, they need to be explicitly defined, explained, and understood outside of Toyota. 

Collectively, explicitly, or not, they provide everyone in a company with a common language to communicate, a shared framework for thinking, and a consistent collective course of action. TPS never relies on vague statements or “guesstimates” but rather relies on recent and relevant observable facts—and the fact observed must form a logical and rational report. As Taiichi Ohno clearly put it, “the Toyota production system first established the basis of rationalization with its production system.” (Ohno, 1988).

Through rigorously making and testing hypotheses against observable results, Toyota eventually arrived at the system of TPS.

TPS is held together by a set of principles that it calls “Basic Thinking.” These principles are all aimed at the pursuit of an ideal condition, and the pursuit of one element must not come at another’s expense. Trade-offs and compromises represent problems to be resolved and opportunities to innovate instead of “fait accompli.” Everything Toyota does (or does not do) is aimed toward this ideal condition that aligns its employees and suppliers with its customers. Although “Basic Thinking” has been public for some time, there has been little recognition of how seriously Toyota takes it and how much it affects the day-to-day work practice on the shop floor. 

Once we understand the innovations that TPS offers, we see that it is not merely just a variation of business as usual. It is a new and distinct production system in human history. TPS is, therefore, by no means a fad, although that is a fair way to describe many of the incomplete versions in circulation. Nor is TPS just another management technique. TPS brings a new paradigm that gives companies a competitive advantage over non-TPS companies on par with the advantage that early factories had over artisans’ workshops at the onset of the Industrial Revolution (Figure 1.2). 
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That, in turn, means that TPS will have to be explained and taught more successfully and less narrowly than, in general, it has been so far, more like science than like art and more like an economic system than a managerial approach subject to individual idiosyncrasies. Imagine if we still taught Information Technology as simply a toolbox of skills—how to use a word processor, get your email, and program a mainframe designed to keep track of a bank account. Companies could certainly do some useful things—and they did in the early days of business computing. But in time, it became clear that any company taking that approach was missing the real power—the real point—of IT. Once the overall power and purpose of IT became widely understood, it was no longer possible for a company to say, “we don’t need it because we have telephones or good typists or good bookkeepers.” I am afraid that is nearly the extent of how misunderstood TPS still is by many businesses, leaders, teachers, and politicians today. But it is also a measure of how much our companies and economies still have to gain from fully adopting TPS.

It would be easy to limit the discussion to the known benefits of the system for the firm, but that would deny its potential to foster human creativity beyond it. Just as addressing waste in the car factory led to producing only what is needed with fewer resources, addressing waste in all economic activities might lead to new benefits that we have yet to even desire. Because TPS addresses waste so systematically, we can apply its principles to find solutions to trade-offs on a larger scale than a single firm. It is only natural that after resolving value stream and supply chain imbalances, the benefits would continue to radiate outwards to improve financial stability, labor relations, and the environment for more and more of the planet.

This is why I titled these three books “The Toyota Economic System.” Today, the Toyota Production System does not have to be any more about Toyota Motor Corporation than mass production has to be about Ford Motor Company. There is much to learn and a lot to take in, but when you do it all and do it right, it works.

Exhibit A: Toyota.

Exhibit B: Many of Toyota’s suppliers. As a consumer, a worker, a leader, or an elected official, are you ready to make your production environment Exhibit C?


Chapter 2

Toyota Production System (TPS) as a system

We continually hear people—some of them executives and consultants—refer to TPS as a toolbox. They pick out the tools—the Andon Cord, the kanban cards, the kaizen blitz, or even a pattern of behavior—that they hope will address whatever problem their company (or their client) is having right now.

That’s a seriously naïve approach and a grossly incomplete description of TPS. As we will see repeatedly, TPS is a rational framework made of systems that complement each other. That means that the various systems are theoretically and practically coherent. You can’t pick and choose which parts you want to carry out, any more than you can pick and choose among the organs and processes in your body.

Of course, every company cannot and should not do exactly what Toyota does, but every company needs to do in some appropriate way exactly what Toyota does. Eliminating changeover time, implementing continuous flow, building quality into the process, etc. are not arbitrary options. Let’s use medicine as an analogy. Coronary bypass surgery is not just “a way to make someone healthier.” It is a specific activity meant to restore blood flow to the heart when a blockage is detected. A surgeon performing a bypass must use the proper tools and techniques and use them in the proper way, in the proper order, and in response to the proper patient indications. Otherwise, the operation will not do what it is supposed to do. Someday, an entirely different method of solving the same medical problem may come along, but it will have a different name. Meanwhile, any surgeon who wants to perform a bypass must learn the right way to do it.

Just so, any manager who wants to adopt the Toyota Production System has to understand what TPS does and has to learn how TPS does that. In fact, when I was working at the Toyota Supplier Support Center (TSSC) in the US, Mr. Ohba, at the time General Manager sent from Toyota Japan, did his best to isolate his cadre of trainees from the rest of the organization, who thought they knew TPS but who were still given to mass production thinking. We worked in different buildings and were subject to different managerial and evaluation processes. Only OMCD (Operation Management Consulting Division) Japan—the internal consulting office to Toyota on the matter of the Toyota Production System—could teach us.

The Three Elements of TPS: What TPS Does

You could say that the Toyota Production System exists because 85 years ago, Toyota bit off more than it could chew, but, over the decades, managed to chew it anyway. The Toyota Production System did not intend to be the revolution it has proven to be. It is out of local necessity that Toyota developed TPS. It is already well known that after 1929, Toyota—originally a loom company that had created the world’s first automatic stop to prevent defects—became set on developing automobiles. But Japan had a much smaller market for cars and much fewer resources than the US and Europe. In those larger markets, firms could dedicate the equipment to fewer varieties of parts; one machine could run all day, for example, stamping hub caps for one brand of car. That meant that equipment utilization was higher, and thus, the capital was less expensive because of shorter returns on investment (ROI). So, at the time, many people thought that the Japanese automobile industry could not compete. Investing in the design of a product and its manufacturing equipment would be too expensive in Japan; the cost could not be spread over sufficient volume without introducing what people thought to be an unreasonable amount of work variety on the assets.

Toyota founder Kiichiro Toyoda ignored these objections and, in 1929, invested in precision equipment with which to design the company’s first car. But to overcome its enormous competitive disadvantages—especially after World War II—Toyota realized it had to “Inverse” (Ohno, 1988) its thinking. To precisely understand it, we have to go to almost the end of Taiichi Ohno’s book (Ohno, 1988) Toyota Production System: Beyond Large-Scale Production and read:

[There must be hundreds of people around the world who can improve productivity and efficiency by increasing production quantity] [but few people in the world can raise productivity when production quantities decrease.]

Instead of focusing on cost reduction through economies of scale, we must learn to reduce costs by eliminating waste. It was valid then because of Japan’s economic situation. It is still valid today because we are in an economy of variety and imperative because of environmental concerns. This answers what Toyota does, but much more remains to understand how it does it.

Ohno’s then changed how it organized and managed people, machines, and materials. This is why TPS has what it refers to as a technical element that addresses machines, material, and people’s work design—the subject of Book 2. There is also a managerial element that addresses human expertise and teamwork—the subject of Book 3. Over time, Toyota also became more aware of exactly what it was doing and why, which resulted in what it refers to as the philosophical element or the “Basic Thinking”—this book’s subject. These three elements have sub-systems in themselves with input, processes, and outputs. These elements or sub-systems are interlocking, and they support each other to make the Toyota Production System an overall framework of thinking and acting. At the center of these elements, as seen in Figure 2.1, is human development because only people, as a result of their acquired expertise through hands-on practice and development, can find the solutions to reach the ideal.
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Figure 2.1  The elements of TPS

On my first day at TSSC, my manager put Mr. Ohno’s book on my desk. The only work I had was to read it, and I did. Then on the second day, my manager instructed me on the Toyota philosophy. Neither the book nor the philosophy seemed complicated, but after years of reflection, I realize today it takes a long time to connect them with the day-to-day practical approach of how we must design and perform work. TSSC knew that all so well. Even though they were giving me a chance, they knew I would fail to integrate anything without hard work, long hours of practice, and humility.

The philosophical element

This philosophy is the first of three elements that make up TPS: its ideal, principles, and goals. The second and third elements–the managerial and technical–will be subsequently addressed in Books 2 and 3 because the philosophy must be understood in order to properly apply the two other elements. Therefore, we will start here in this book by going into the TPS philosophies in depth.

- Customer focus philosophy.

    - No defect shall be passed to the following process.

    - The customer sets the pace of production.

    - The customer sets the price: Profit = sales price – cost.

    - Total and true efficiency through the elimination of waste.




-People philosophy.

      - “People are the most important asset.”

- Kaizen philosophy.

      - Eliminate waste every minute of every day.

- Shop-floor focused philosophy.

      - The locations where value-added work takes place.

Putting these together as concisely and concretely as possible, here’s what we get:

Focus on customers’ needs, with employees making improvements to eliminate waste where the work takes place.




From a system viewpoint, the input to the system is its people, the process is kaizen on the shop floor, and the output is a happy customer. Pretty banal. What company wouldn’t agree to that? Yet, besides Toyota and some of its key suppliers, very few companies can do what this basic sentence says because very few companies understand what it really means and how much is packed into it.

It is essential to understand Toyota’s “Basic Thinking”—the philosophies—because they are the cement for the technical and managerial elements. They are not idealistic fluff; rather, they express the concrete ideal that gives TPS its rigor and unity. These philosophies are not dispensable, and they are not “a Toyota thing” that other companies can leave to Toyota. They have a practical impact on everything that goes on in a Toyota facility. They determine what Toyota does and what it doesn’t do—and that’s true at every station on the shop floor, not just in the boardroom. The philosophy is part of ensuring consistency in and between the TPS’s technical and managerial elements—and that over time, it establishes consistency of purpose thanks to a shared framework of thinking among the employees. Internally, externally, and at each level of the hierarchy, communications are consistent because what Toyota says is what Toyota does. This is one of the reasons why TPS can rightly be called a system. All the elements, or sub-systems, work together to form a logical, cohesive, and consistent whole.

Customer focus philosophy

Many companies say in their mission statements that the customer is important. Certainly, no company says in its mission statement that the customer is not important. So, what makes Toyota’s customer focus so different? At Toyota, to be customer-focused constitutes four very specific points that should be learned, remembered, and used to make everyday decisions.

No defect shall be passed to the following process

Many companies inspect for quality after performing the work. Sometimes inspection happens at the end of the process or, in the worst case, at the end of the line. It may appear more efficient to keep people and machines working while defects are later handled separately (offline)—in effect, handling defects in batches just as making the parts in the first place was handled in batches in accordance with the mass production system thinking—but Toyota disagrees with that thinking.

In reality, not fixing problems right away is more expensive. For one thing, we know that inspection doesn’t catch every defect. Additionally, it is better to stop the line when a defect is detected and fix the problem now rather than pass it on to the following process and risk cumulating several defects. Finally, as work flows down the line toward completion, each following process is the customer of the preceding one. With the next process as the customer, passing defects onto the following process essentially equates to not caring about quality. To say that quality is essential, but to design a process that passes on a defect is not logical even if you believe it is less expensive to do so. It creates a disconnect between what we say and what we do. At best, it is ambiguous and, at worst, irrational.

Not only does it run the risk of letting the problem get bigger, more complex, more complicated, and more expensive to solve as work accumulates, but it makes solving the problem and stopping its re-occurrence that much more difficult, if not impossible as time goes on. This is why everyone on the line can pull the Andon Cord to stop the work before it goes to the following process if a defect happens. Moreover, Toyota designs its machines, processes, and production methods to catch a problem before it happens or, in the worst case, during production. It equates to building quality into the process to prevent defects from being built first and passed second.

Practically, if you can’t understand the problem within seconds, then the operation does stop until the problem is understood.

This concept is easy to understand, but very hard to put into practice. There is a strong structural and phycological headwind to catching problems in the process and stopping production until the problem is contained. If we stop production while trying to fix the problem, will the cost of idling production exceed the cost of catching and fixing problems later, offline, while production proceeds? It is not a decision you can make by yourself.

In the winter of 1997, a team of 5 TSSC people, including me, were sent to a Chicago company that produces new and refurbished alternators. As part of our learning process, our assignment was to improve the efficiency of the companies’ alternator refurbishment lines. This was a particularly challenging task because the refurbished components had lost most of their interchangeability. This meant that during testing, a large portion of the alternators failed the test and had to be reworked.

After grasping the initial condition of the operations, we divided the tasks of addressing the issues between ourselves. One would improve workflow, the other would improve operator motion, etc. One of the key tasks the team agreed on was to improve the testing and rework area.

We worked diligently for 4 days, from early morning to late night. By the end of the event, we had improved labor efficiency, reduced inventory in the line and improved the rework process. But we were still failing and reworking the same number of units at the end of the line.

On Friday morning, when Mr. Obha came to join the executive team to review our results, we were excited and ready to present. But the presentation didn’t go well. We all got a failing grade, especially me, who had worked on the rework process. Mr. Obha and Tosh Akioka, our very experienced OMCD coordinator who had guided us during the week, explained that we had pursued the wrong strategy. Improving the rework process instead of eliminating the need for it was the wrong approach.

Our problem, as we saw it, was that we didn’t know how to eliminate the complex problem of component interchangeability failure. So instead of addressing it, we worked on things that we knew how to do: improve flow, worker motion, parts presentation, etc. All week, Tosh repeatedly advised us against our flawed strategy; however, we couldn’t fathom and emotionally reconcile working all week on a problem we didn’t know how to solve, showing no result for our effort, and looking bad in front of Mr. Obha.

Mr. Ohba and Tosh knew we would fall into the trap of “something is better than nothing.” It was a learning lesson that:

In TPS, the easy way out is not a guiding principle. TPS didn’t come about without hard choices, demanding work which includes the willingness to solve complex problems that no one has solved before.

Our leader needed to show, not just tell us with words, that failing is part of the learning process and that for the correct strategy, they would “have our back.” Organizations often fail to reward those who take risks to solve the right problem.

Toyota didn’t get there overnight, but achieved their current state progressively, bit by bit over decades by continuously working on two fronts simultaneously: a steadfast commitment to solving complex technical problems and a consistency of purpose in its managerial approach to developing people.

The customer sets the pace of production

In other words, Toyota will only make what the customer wants, when the customer wants it, and in quantity wanted. As a result, when Toyota designs, manufactures, and delivers a product to the customer, every required activity is organized so that the pace of work—of people and, ideally, of machines—is equal to the pace of customer demand. Technically, this is hard to achieve, to put it mildly. But since the ideal itself and the logic behind it are clear, employees can, and do, work toward meeting it. That, in turn, means that everyone designs processes and executes work to fit a need. Yes, that means that Toyota will try to design machines and jobs that turn out a part only when the customer wants it. Not early, not late, but precisely at the right time, and that all employees continue to innovate to meet that need. Practically, if your customer in your region wants a car every 56 seconds, this is exactly how often Toyota will build a car.

Let us say it takes 10 hours (or 36,000 seconds) to build an item. If market demand for this item requires, we make one every 100 seconds, then ideally, we have 360 consecutive processes, each one completing its cycle of work every 100 seconds (notwithstanding parallel work). This means that from product design and parts availability to people’s tasks and machine work, all activities must align to support it.

There are many instances where legacy products, machines and processes design don’t allow for the pace of production to equal the pace of sales. It sometimes takes decades of iterative improvements to achieve that goal.

The summer before I finished graduate school, I worked in the body-and-weld department at NUMMI (New United Motor Manufacturing, Inc.), the former GM plant then run jointly by GM and Toyota in Fremont, California from 1984 to 2010. Our body and weld department built the Geo Prism and the Toyota Corrola and received stamped components from large presses. Those machines’ pace of work could not equal the pace of sales because of equipment costs and factors, such a changeover time. But Toyota didn’t stop improving toward this goal and today more equipment in stamping and even molding departments align with the pace of sales.

This or that TPS philosophy is not defined by what is possible, but by what should be to get to the ideal state.

The price, too, is determined by the customer: Profit = sales price – cost

Toyota realizes that all products tend toward commodity pricing and that neither it nor any other company can set the price for the customer. Before customers had abundant choices among similar products, a company could set the price based on the cost of making the product and the profit it wanted to make. But a customer who has a choice in a commodity market will choose, and the price will generally be one of the criteria. Thus, the company only controls the cost of making the product, not the sales price. Increasing profit (or maintaining profit in the face of competition), therefore, means reducing costs. Thus, the now well-known TPS equation of “profit = sales price – cost.” But remember, you can’t reduce costs by producing more than what the customer wants.

Principles of efficiencies

The only thing that the customer is willing to pay for is efficiency. In economic terms, efficiency must translate into value. Even though efficiency is a prerequisite to creating value A), some organizations are more efficient than others and B), not all types of efficiency are equal. TPS explicitly highlights three types of efficiencies to pursue:

Total versus individual efficiency: 

Paraphrasing Toyota’s definition, individual efficiency refers to the goal of increasing efficiency at a particular department, line, process, or piece of equipment, independently from earlier or later processes’ efficiency. When individual efficiency is pushed too far, a process may produce more than the necessary amount of products, and production may become uneven, wasteful, and overburdensome. In contrast, total efficiency considers the efficiency of all processes necessary to carry out production. It seeks to benefit the whole and not individual isolated interests, assets, departments, measures, or actors.

As stated, this principle was born on the shop to satisfy financial necessities, but today extends beyond it to incorporate all aspects of the organization’s impact on society from labor relations to the environment. 




Eliminating waste, unevenness, and overburden versus forced work: 

This type of “efficiency” refers to the effort to reduce production elements that do not add value, create irregularities in the schedule, and impose too heavy a load on assets. It contrasts with adding more work on assets to make up for the waste, unevenness, and overburden. Adding more work or increasing the output to make up for some waste, such as rework for example, only improves individual efficiency and risks increasing other waste. Instead, we eliminate waste, unevenness, and overburden versus forcing work when we create more value from fewer resources. We will categorize the different forms of waste, unevenness, and overburden in Book 3 which focuses on the managerial element of TPS. Indeed, grasping what is waste, unevenness, and overburden requires more than just understanding the words. It requires a need to be intimate with the philosophy and the technical framework of TPS.

True versus apparent efficiency: 

Aligning with Toyota’s definition, apparent efficiency refers to increasing output with existing assets, regardless of demand. It contrasts with true efficiency, which produces only what the customer wants with minimum resources. We achieve true efficiency versus apparent efficiency when we:

-  Create value for the whole as opposed to in isolation.

- Create value without displacing or creating other forms of costs.

- Create value that is needed, which means based on customer demand.

True efficiency comes from a virtuous cycle, focusing on total efficiency and eliminating waste.

Commentary on the philosophical principle of efficiency:

Operating under the mass production system’s paradigm means chasing individual asset efficiency, but it can lead to “forced work” and the appearance of efficiency. Individual efficiency measures an asset’s performance, such as a machine, a process, a department, or any actors, independently from other assets in the system.

First, individual efficiency assumes that the overall production cost is optimized when each asset has a lower production cost. In reality, we all know that lowering the cost of one asset can raise another’s cost. So, it aims to achieve overall efficiency by finding costs and benefits equilibrium between assets through a competitive approach. It is superficially modeled after how nature appears to work. But we know that there is as much cooperation in nature as competition and that evolution is nature’s way of solving problems and innovating.

Therefore, second, and more importantly, this approach doesn’t resolve the conflicting interests between assets but settles on an optimized compromise. Optimization is to make the best of what is. It is a pre-deterministic view of the world that assumes that we cannot resolve the conflict. We do not solve the problem, there is no innovation, and it translates into unevenness in parts produced, overburden on assets, and waste in the system. The result is overall optimization, but sub-efficiency as some cost remains dependent on other benefits due to trade-offs.

But even when aiming for total efficiency, we should do it out of need. Unfortunately, under the mass production system, it means increasing efficiency, total or not, by producing more than what we need to leverage economies of scale. Producing too much quantity generates overproduction, the worst kind of waste.

In the imperative TPS context of total and true efficiency, it is impossible to create something, waste it, and reduce costs. Factually, somebody somewhere is paying for it. The cost is not eliminated but displaced. The following quote speaks for itself “Man cannot be paid much for producing something that is to be wasted.” —Henry Ford, Today and Tomorrow (Ford, 1926).

In the context of existential economics, however, we are still dealing with millions of people without access to basic needs and now unprecedented environmental threats that will, at best, exacerbate shortages of goods and services, at worst, upset the world economy and further worsen human suffering.

Instead, the Toyota Production System focuses on total and true efficiency principles by eliminating waste, unevenness, and overburden. This “Basic Thinking” of not trading-off a factor or actor for another provides a principle-based logical framework of thinking that we must solve the problems that arise due to conflicting interests between the elements of the system. It is consistent with how evolution takes place in nature. But unlike in nature, it is not left to chance and risks. Chance and risk are to nature what science and principle-based choice are to humanities. As much as people sometimes are not, the Toyota Production System is rational. This principle-based rationale forms the company culture that acts with the consistency of purpose to bring us closer to the ideal.

With this sound customer-focused philosophy, Toyota nurtures the long-term organizational consistency of purpose necessary to build the hard-to-replicate expertise to design, produce, and deliver what is needed when needed and in quantity needed, based on real customer demand. The foundation of solving such complex problems was to invest in human development and once again allow people to become experts in their jobs. Guided by their expertise and this shared and consistent framework of thinking, employees team up to eliminate unevenness, overburden, and waste to create congruency between the elements of the production system and reconcile their conflicting interests.

Thus, the importance of the subsequent philosophy.

“People are the most important asset” philosophy

Traditionally, when referring to a business asset, one thinks of machines and buildings. Toyota, however, first thinks of people. This is because, over time, capital investments depreciate, but a human being appreciates—becomes more valuable—especially if he or she has spent the time learning and pursuing expertise. So, instead of jittering human capital, Toyota intentionally reconciles people’s creative nature with the repetitive mundane nature of industrial work by purposely developing workers who can work in a team and become expert craftworkers at what they do. Consequently, those workers perform efficient quality work while being able to anticipate a problem before it happens. If problems occur, in the worst case, to solve those problems more rapidly and more efficiently through a shared framework consistent with, among other things, eliminating waste as a result of developing expertise. Naturally, as part of being human, no one likes to waste their deeply acquired expertise.

Progress requires solving new problems as they arise. Only people can do that. Machines cannot. Therefore, successful companies are those whose people are both motivated and extensively trained to find solutions to problems not yet solved. Toyota’s respect for people goes beyond renaming the HR department. It includes a no-layoff[7] practice coupled with extensive human development to support the next philosophy: “Kaizen every minute of every day.”

Kaizen philosophy

Kaizen is the scientific problem-solving activity focused on eliminating waste, unevenness, and overburden to meet or improve the product, process, system, and method specification (safety, quality, quantity, and cost) to get closer to total and true efficiency.

From reducing labor cost—the most significant source of cost in the value stream—to eliminating changeover time and increasing knowledge, everyone “every minute of every day” participates in kaizen activities. Kaizen is not the responsibility of specialized employees or consultants. At Toyota, kaizen is an integral part of the job and possible because it is part of the natural outcome of acquiring expertise and is further made possible because of the no-layoff environment.

Kaizen events range from minutes to several days. People from different departments and levels in the organization focus on a specific problem to solve. The purpose is equally to make a lasting improvement as it is to train and develop people in various aspects of TPS through hands-on scientific problem-solving under the guidance of a leader who is the teacher.

When we went to Japan (or anywhere else) for TPS training, our direct supervisors also came along. They planned and coached the activity throughout the event in a predefined work area. After several formal speeches from senior departmental leaders involved in the event, all following activities occurred on the shop floor to practice improvement. At the end of the event, we quickly gathered to report and receive feedback from the senior leaders on our strategy, successes, and failures. Not using fancy presentations, mind you, but simply by drawing on a flip chart or using a chunk board.

Shop floor focus philosophy

Toyota’s leadership never forgets that it is on the shop floor that products are designed, made, and delivered. The shop floor, where we do the work, is the source of progress. It is as simple as that. Some people would argue that there is value in other activities than design, production, and delivery. They might say, for example, that the effect of lending money, brand management, or even speculation has value. Whatever your shop floor is, from goods to services, are you doing those activities by forcing work or removing waste? Are the company’s and the customers’ interests—not to mention society’s interests—aligned, or are customers’ and society’s interests traded off for the company’s interests?

It is often difficult for managers to focus on the shop floor. Many factors and reasons can keep leaders away from it. From physical distance to other pressing matters and meetings, it is easy to neglect spending sufficient time on the shop floor. Quickly, managers can become disconnected, and the shop floor is “abandoned.” To steal a Toyota saying: “We have to fight to find the time to go to the shop floor.”

The TPS philosophy’s purpose is to show that all of TPS—the Andon Cord and the kaizen blitz and everything else—is meant to achieve a much greater ideal than just compromises and trade-offs. The philosophies guide in that journey.

The technical element

Even though we are in Book 1 primarily focused on the TPS philosophy, we must briefly touch on the technical element, which will be deeply addressed in Book 2, to understand what Toyota needed to solve technically to be consistent with its philosophy.

The technique is what people usually think of when they think of the Toyota Production System. However, it tends to be a watered-down version of the real thing focused on the tools rather than their purposes. Instead, we will explore its purpose and explain step-by-step the technical innovation that TPS brings to operation management design. We will assert and strive to demonstrate how TPS’s technical innovation, in an attempt to solve the contradiction of the mass production system, technically reconciled profit with positive cash flow in an economy of variety with or without economic growth. This method can be replicated with predictable results, whether designing, producing, or delivering goods or services.

To better understand the importance of this technical innovation and its relation to the TPS philosophy, let’s translate the TPS’s goals of highest quality, lowest cost, and shortest lead-time into financial terms familiar to managers. We must realize that when TPS refers to quality and cost, it refers to the Income Statement. Likewise, when TPS refers to lead-time, this refers to the Statement of Cash Flow. Favoring one at the expense of the other or juggling both through compromise isn’t what the philosophy tells us to do.

Finding a way to systematically eliminate the conflict between the Income Statement and the Statement of Cash Flow in an economy of variety is a significant technical industrial engineering discovery and a significant contribution to the business world. From its philosophy to its technique, what TPS does is one thing that we should understand for TPS to be more than a short-term cost reduction program. This is not something we are free to change according to our own opinion or to leave out through lack of understanding.

The managerial element (expertise and teamwork with a framework)

Let’s now correlate what Toyota needed to solve for its managerial approach to be consistent with its philosophy.

Foundational to solving the complex labor relation problems that adopting mass production brings was to invest in human development. So, as much as TPS is philosophical and technical, it is also a managerial method, which is the focus of Book 3.

From a managerial perspective, we will assert and attempt to demonstrate how Toyota has tried to reconcile the mundane and boring requirements of industrial work with the creative nature of humans by intentionally reintroducing craftsmanship into a modern industrial setting.

Through a shared and consistent framework of thinking to solve the problem of waste, people become experts in their jobs to reduce waste and meet product and process performance specifications while innovating toward better specifications. The company does not merely hire human expertise and wisdom; it systematically develops and cultivates them to harvest ideas that contribute to innovative products and methods consistent with its operational framework. Expertise guided by a framework allows Toyota to continuously improve and be less dependent than other companies on economic growth cycles.

Of course, Toyota did not invent training, teamwork, or continuous improvement. It is human nature to seek deeper knowledge, cooperation, and close the gap between what is and what could be for oneself, for one’s work, or for society as a whole. However, Toyota was the first to reintroduce craftsmanship and apprenticeship into industrial settings, from which it had been eliminated for the sake of individual machine efficiency.

The managerial element of TPS focuses on human expertise in a teamwork environment. It develops multifunctional workers who are paid not just to push buttons and move boxes, but more importantly to spot problems, including the problem of waste, and solve them. Thus, Toyota gives all employees a chance—in fact, the responsibility and the “dignity of work”—to go beyond getting paid for repetitive and mundane work and become innovators. This responsibility is both individual and collective, requiring both individual skills at seeing and solving problems and a collective skill at working as a team toward the same goals.

Whether a worker or a manager, an employee is never just a temporary individual asset to work harder to produce more, but a long-term asset that is to understand the task and its purpose to keep learning how to do it better. In that way, Toyota has reconciled industrial work requirements with human nature and helped humanize modern industrial work. It is a significant innovation worth knowing and adopting.

This kind of collective understanding based on collaborative craftsmanship comes only after many years of practice and study: You need to be able to “read” your workplace, formulate an understanding of the environment and its elements, and correctly diagnose what is going wrong. That is why at Toyota, everyone has a teacher—not just for initial orientation, but all day, every day. The teacher is the supervisor, and the supervisor’s role is to allow people to go deeper into understanding the task and the method by which to carry it out. Put another way, the role of the teacher/supervisor is to make the invisible visible.

One may ask, how about leadership? Books often present TPS as a new method of leadership. Of course, any sustained activity involving more than a few people needs a leader, and TPS is no exception. For Toyota, a supervisor’s most important responsibility is to allow everyone on their team to understand the purpose behind the tools through explicit teaching and mentoring. In turn, this requires not a particular leadership style but leadership within a consistent framework—called Basic Thinking issued from Toyota’s philosophies we explored earlier. A profound understanding that “making work possible and easy to execute” comes first; leadership and management habits are there to allow continual individual and collective learning, always intending to move measurably closer to the ideal condition. Therefore, what Toyota is most guarded against is not this or that kind of boss, but any boss who is a loose cannon.

At Toyota, purpose, goals, and activities don’t take on a different flavor with the coming of a new boss. The four philosophies of Basic Thinking and the image of the ideal condition ensure a consistency of purpose that makes up its culture. This framework is very centralized, but within that collective framework, employees’ expertise allows the local initiative to be customized, flexible, and effective based on where they execute the work. Managerially, this means that Toyota can be centralized and decentralized in its decision and actions. The result is a greater aptitude for systematically reducing waste and simultaneously achieving total and true efficiency, not just wasteful individual and apparent efficiency at the expense of the whole, as mass production would myopically have it.

The unity of the three elements displayed in the house of TPS

You can see now why TPS’s philosophical element is the foundation upon which the technical and managerial elements must rest. They carry out the philosophy while being kept in line by it.

As you can easily imagine, there are constant enticements to violate TPS’s technical and managerial methods. It is tempting to let some insignificant error go rather than stop to investigate and solve it. Let someone who already knows how to solve a problem quickly rather than insist that a less experienced person learn to do it, overproduce to reduce cost, and so on. However, these expedients commonplace in most companies explicitly violate Basic Thinking and are therefore not to be taken. Ultimately, these measures are weeded out because they move the company away from the ideal condition rather than toward it, no matter how convenient they might be. I won’t say that no one at Toyota ever takes a shortcut, but no one would try to justify having done so, and certainly, there would be no praise for the person doing it.

Let me give you an example of how different this way of doing things is from the norm and what Basic Thinking means in everyday life on the shop floor in a TPS facility.

During my first week on the line, that summer of 1989 at NUMMI, I began to think it would be good to build an extra piece and keep it ready just in case I messed up. Of course, this being a Toyota plant, I knew that I could pull the Andon Cord and stop the line if needed. But with an extra part at hand, I could keep the line going and then fix the defective part later and use it the next time.

It didn’t take long for my team leader to notice it and ask me why I had an extra part sitting there doing nothing. I explained my logic. I could see that he didn’t like the idea, but he couldn’t explain why or refute my logic. He just knew it wasn’t right. He took the piece and went to check with his group leader. I remember being surprised that he had even noticed the extra piece.

He soon came back and explained that if I did make a mistake, he would prefer I pull the Andon Cord and come work with me to understand what was going wrong. I would never get better at my job if I could swap in an extra part instead of figuring out where and why the problem happened. Maybe I needed more training, or maybe the job was too hard and could be made simpler.

The whole episode was puzzling to me at the time, but I now understand that my team leader was so steeped in Basic Thinking that he recognized right away—even if he couldn’t articulate it well in English—that I was violating the principle. The operator should solve a problem under the leader’s guidance, where it happened, and as soon as possible after detecting it. Working around the immediate problem and solving it later seemed more efficient, but a well-trained leader knew it was not. (So do I, now.)

That’s a small but illustrative situation of how the four philosophies impose discipline and continually define trade-offs. They provide a consistent framework for thinking and acting that continually guides Toyota employees to find the most durable and profitable solutions and reject lesser solutions. As Steven Spear and Kent Bower[8] put it, “there shall be no workaround.” Successfully doing it requires consistency between the philosophies and TPS’s technical and managerial elements. We will see in the following chapters how consistent TPS is in this regard.

All companies’ philosophy claims that their customers and their employees are important to them—and how could they not be? Therefore, they put a lot of time and money into training, consulting, managing change, and so on. The goal is to sow the seeds of improvement, yet most companies fail to achieve many benefits—if even that. That’s because their alleged philosophy is not a guide—and constraint—to action. People are supposed to be important, yet if the “need” arises, they are hired one day and laid off the next as if they were easily replaceable. What other companies, besides Toyota, have consistent no-layoffs practice? Companies are acquired, merged, relocated, managed quarter-to-quarter, and sold with a notable lack of respect for the employees, the customers, and the environment. In that way, companies are more a financial instrument for profit than the source from which progress emerges.

Basic Thinking is a way to put certain ideals into action and avoid actions that do not point toward those ideals. Note that profit and growth are not among those ideals; they are byproducts of adhering to those ideals. This discipline is not something you can pull out of the TPS “toolbox.” Companies that keep their eyes on their short-term results and are content to focus on TPS tools cannot understand what those tools do; that is, to meet customers’ needs without financial, human, and environmental trade-offs.

We must also understand how intertwined the technical and managerial elements of TPS are. For example, this book treats keeping a focus on the customer as a technical problem—keeping the cycle-time of every step in the production process consistent with the rate at which customers demand the product. But this is just as much of a managerial problem because such precision on the assembly line is only possible through continuous employee practice and training in problem-solving.

Treating people as the most important asset, on the other hand, seems a managerial task, but it is just as much a technical task because the design precision of the assembly line makes it possible for the employees to be as valuable as they are. They have the time and training for continual problem-solving and process improvement only because they are not constantly called upon to catch up, wait around, fight fires, come up with workarounds, and hide problems to stay out of trouble.

Because TPS is so thoroughly systematic—because the elements are so interdependent—you will find that learning it presents you with a sometimes-unexpected combination of high principles and technical details, all of which matter. You can see a parallel in how hard it can be for a developing country to create a working democracy. It matters what the country’s constitution says, but it also matters exactly where we locate the voting booths and exactly how we fill out the ballots. An independent judiciary matters, but so does the application process for law school. Property rights matter, but so does a bureaucracy that isn’t five years behind on building permits. In short, the principles matter, but in this mess of a world, so do the everyday means by which ordinary people carry out—or foil—the principles. So, you will find it a bit dizzying to jump from the general theory of just-in-time to the arrangement of workstations in lines or a U-shape, but the fact is that you don’t get the one unless you master the other.

The elements of TPS—the philosophy, or Basic Thinking, that lays out the framework, the technical element that lays out the practical path to follow; and the managerial element necessary to carry out all this—come together in the familiar “house of TPS,” Toyota’s visual model of how the fundamental elements work together.

The House of TPS: A Holistic Framework from Which to Think

The philosophy, the technical, and the managerial elements of TPS come together in a well-known model that Toyota calls the “house of TPS.” It consists of a foundation (the managerial element) that supports two pillars (the technical/engineering element) which, in turn, support the roof (the philosophy), which describes at the highest level the goal of reconciling quality, cost, and lead-time all at once. To grasp how the “house of TPS” embodies the philosophy, the technical, and the managerial elements of TPS, what TPS does, and how it does it, we will make our way through this house from the roof down (figure 2.2).
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Figure 2.2  The house of TPS




The roof of the house: The goals of TPS

The TPS’s house roof stipulates highest quality- lowest cost -shortest lead-time. Common sense would say there are three distinctive goals. Yet, it implicitly states a single goal and expresses the principle that it isn’t one individual factor at the expense of the other but all three as a total.

The goal may seem simple or obvious—what company doesn’t want to do these things? However, they are simply impossible for any organization operating in a diversified market while using the mass production system. Adopting the goal without addressing the production method, the process, and the product design will yield partial results as they will continue to have to trade-off one factor for the other. Maximizing (or minimizing, as the case may be) whichever of those is most important at the time and doing the best they can with the others. TPS has no such juggling act in mind. Instead, we must eliminate the inherent contradictions that the mass production system brings on between product or service variety, affordability, and flexibility to create congruency between profit and cash flow.

As depicted in Table 2.1, we can see that addressing quality, cost, and lead-time benefits the company’s financial situation and the customers, and society. There are multi-layers of cause-and-effect benefits (Table 2.1).
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Table 2.1  The goals of TPS




Highest quality

Providing the highest quality means meeting a customer’s expectations. A US$100 bottle of Chateau Canon-La Gaffeliere St.-Emilion and a US$2.50 bottle of Trader Joe’s “Two-Buck Chuck” are both high-quality products, but to different buyers—or even to the same buyer on different occasions.

Despite trying, the mass production system’s batch process method makes it very difficult for cost and quality to be congruent. The batch process reduces cost but hides defects. We have to choose one over the other or find some balance. Mitigating defects becomes a way to avoid cost rather than being seen as essential to revenue. Indeed, providing the highest quality is necessary for the customer to trust the purchase and ensure company revenue. Poor quality—foiling the customers’ expectations can cost the company money, most notably by damaging sales. Will you fly with a plane or airline you don’t trust to be safe? Poor quality causes rework, scrap, and recall (or possibly even fines from the government and liabilities from lawsuits), but this is a lesser outcome because, without sales, we cannot recover any production cost, low or not.

Additionally, there is a positive feedback loop between quality work, dignity, and learning. Certainly, no one learns much or feels good performing defective work. Finally, despite the recycling efforts on the way, our environment is full of products sent to landfills before the end of their useful life cycle. In contrast, there is pride in building products that will have a long and useful life cycle. Some companies extend the life of their products beyond expectation, which is more gratifying for the employees. I recall co-workers at NUMMI proudly boasting to me that the cars we were building were expected to last for over 200,000 miles with proper maintenance. Perhaps there is some significance that those workers were previously making cars for another automobile manufacturer.

It is easy to say that cost and quality do not have to conflict, but it is almost impossible to achieve without implementing TPS.

Lowest cost

Providing the lowest cost allows the customer to afford the product or service and allows the company to make a profit. TPS does not reduce costs through economies of scale from overproduction. Instead, economies of scale come from more people able to afford the product or the service because it contains less waste. In this way, the interests of the customers (low cost), the interest of the company (high profit), and the interest of the workers, and society at large (less uncertainty), are aligned rather than in constant tension. Note that Toyota leaders learned from Mr. Henry Ford, whose flow assembly line reduced waste. Had Ford’s legacy been continued, Mr. Ohno suspected Ford would have eventually come to the same conclusion as Toyota. Unfortunately, Ford Motors, without its founder, stopped innovating the production method it started and remained stagnant in the traditional mass production system.

Shortest lead-time

The shorter the production lead-time, the more accurately we can understand the quantity and variety of customer demand. When the production lead-time is long, we must guess (though we give it a more dignified name, such as “forecasting”) what customers will want rather than ideally already knowing what they want. It means constantly guessing what to design, produce, and deliver, and inevitably guessing wrong some of the time. Products end up not readily available to the customer without inventory tying up cash flow and hiding defects. Workers are disconnected from actual customer needs and at risk of performing work that is to be wasted, which is less than ideal for everyone, including the environment.
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Figure 2.3  The roof of the house of TPS




To summarize the TPS house goals, it is not accidental that the highest quality, lowest cost, and shortest lead-time align perfectly with the technical innovation of reconciling profit with cash flow (Figure 2.3). Philosophically, no one factor is overly weighted against another based on some calculation. Instead, all three are achieved to their utmost. This means not allowing any one element (like mass production did with cost) to have more weight.

Technically, the highest quality is necessary to get revenue from sales, the lowest cost boosts profit, and the shortest lead-time makes cash available to pay bills on time and be less dependent on the banking system. So, when translating the goal of TPS into the financials of a company, in short, the highest quality is to revenue, what lowest cost is to profit, and shortest lead-time is to cash flow.

Managerially, a delighted customer brings meaning to people’s work and increases care toward quality, cost, and lead-time.

Economically, there is a direct link between poor quality, high costs, long lead-time, and a lack of economic and environmental stewardship.

We can see how reconciling quality, cost, and lead-time brings congruency beyond the corporation’s financials, outward between the larger actors of society and the economy.

The pillars of the house: The technical methods of TPS

The two pillars of the house of TPS are jidoka and just-in-time (Figure 2.4). Technically, in Book 2, we will focus on the operation’s inner workings of the house of TPS. Jidoka and just-in-time—both working together will jointly support the goal of highest quality, lowest cost, and shortest lead-time.
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Figure 2.4:  The pillar of the house of TPS

In financial terms, each pillar brings together a series of industrial techniques that make it possible to resolve the conflict between the need for profit (revenue minus cost), as reported in the Income Statement, and the need for operating cash flow, as reported in the Statement of Cash Flow.

We aren’t simply reiterating the same points here. We have moved from the goals of total efficiency in the roof of the house of TPS, which aligns with a company’s financials to the how to achieve this financial congruency via the elimination of waste through each pillar.

Taiichi Ohno’s metaphor equates jidoka to the people’s skill on the team, while just-in-time equates to teamwork. It takes both to win games, just like it takes both profit and cash flow to be a competitive business, but under the mass production system, those two requirements conflict.

Jidoka

Jidoka’s objective is to continuously improve the capability of detecting and solving abnormalities to ensure quality and, therefore, generate revenue from a delighted customer. Simultaneously, we must reduce costs to ensure that the customer can afford the product while leaving enough margin to make a profit. In financial terms, jidoka’s objective is to support revenue by offering quality and minimizing costs by reducing waste.

There are two parts to jidoka:

- First, the design and implementation of techniques, processes, and methods to improve people’s skills and asset capabilities to eliminate waste in labor, machines, and materials by “stopping and notifying of abnormality” early.

- Second, jidoka is the proper “separation of people’s work and machine’s work” when creating value.




When translated into accounting and financial terms, jidoka is a matter of the income statement.

From revenue, the cost of goods sold (COGS) is the first deduction from sales revenue, leaving a gross margin. We incur this cost when buying materials and equipment (excluding depreciation) and paying direct labor and expenses. The second deduction is operating expenses, mostly indirect labor, and non-depreciated equipment such as rent, telecommunications, utilities, and advertising. Finally, by deducting depreciation, we obtain earnings before income tax (EBIT).

Jidoka is the practical method for accomplishing that through the efforts of:

Stop and Notify of Abnormality. It is every employee’s responsibility, and part of the purpose for machines, tools, and processes before the problems become too big.

Separating people’s work and machine’s work. Not just the objective of replacing human expertise with a highly automated machine. But the objective of paying labor for the more meaningful work of solving problems and innovating.

Just-in-time

Likewise, in financial terms, the benefit of just-in-time is to maximize cash flow. Imagine that someone asks you for US$1,000 and promises to pay you back US$1,200 in return because they have good jidoka practices and thinking. It is tempting, but first, you’d probably ask, “How long before I get paid?” It is one thing to create value with skills, but it is quite another to do so quickly. Promising a 20% return sounds good, but doing it in 10 years does not. Businesses have to spend money to create value before they can collect money from sales. If the time between spending and collecting is too long, money is tied up, and less cash is available to run, improve, and grow the business. So just-in-time involves operational methods to improve cash flow.

There are three ways to obtain positive cash flow:

- The first is to increase accounts payable while decreasing accounts receivable; in other words, pay suppliers later while collecting money from sales earlier. Such an approach does nothing to reduce risk or increase value in the entire supply chain. Nor does it eliminate waste because one party—usually the company with the weakest bargaining power—is forced to extend its term. In terms of efficiency, it amounts to individual efficiency, forced work, and the appearance of efficiency. It seeks efficiency for one party at the expense of efficiency for the totality of the parties involved.

-  The second method is to leverage the banking system to borrow money. It does create economic value but at the cost of repaying the debt.

- The third and most efficient way to obtain positive cash flow is from operation by operating just-in-time. The sub-elements of just-in-time are continuous flow, takt time, and the pull system. Continuous flow connects processes and creates a single pace of production between processes to eliminate work and material stagnation. Takt time sets production pace equal to that of customer demand to avoid overproduction, and the pull system is the mechanism that reconciles offer with demand in an otherwise disconnected customer-to-supplier environment.

These sub-elements work toward reducing the time it takes a business to design a product or a service, acquire the resources for production, and produce and deliver it to the customer. The longer that business cycle, the earlier a business must start that cycle to meet demand on time. But the earlier it starts, the less accurate its information about what to produce and the resources needed to produce it. Companies play it safe by carrying excess capacity to allow flexibility. That might save a company from missing a sale—as intended—but excess capacity, most commonly in the form of inventory, is wasteful, and it hurts cash flow. In TPS, the idea that you need inventory and other forms of excess capacity not to miss sales is antiquated. But so deeply embedded is this idea that, as Taiichi Ohno says, “A revolution in consciousness is needed to free ourselves from it.” (Ohno, 1988).

Furthermore, if there is indeed economic value to lending money, under a just-in-time environment then money, otherwise tied in excess capacity, becomes available more quickly and can circulate in the economy to generate additional economic growth and benefit the greater public. Indeed, lending depends on money liquidity, and it is better for society to access liquidity through positive cash flow from operation than printing it regardless of economic value creation in the economy. Essentially, it is better for long-term economic health to earn money through productive activities (companies working efficiently) rather than relying on monetary policies that might not reflect actual economic contributions.

We will study jidoka and just-in-time in much greater detail in Book 2, and demonstrate that each pillar, in a manner consistent with TPS philosophy, supports one another in a positive feedback loop mechanism.

To summarize the two pillars of the house of TPS:

- Just-in-time supports making problems visible earlier, for jidoka to stop and notify of problems and.

- Jidoka stabilizes the operation by stopping and notifying for the operation to work just-in-time.

When a company’s Income Statement and its Statement of Cash flow are both strong, it has a superior advantage. It is robust—more able to withstand setbacks and more able to seize opportunities. But until recently, there has always been a tug-of-war between those two financial statements. At any given time, one of them was not as strong as it could be. While that seemed inevitable—almost a logical necessity—it turns out to have been the result of a deeply embedded Western way of thinking. Namely, the pursuit of individual efficiency is good for the whole even if some waste, although undesirable, is necessary to achieve some form of optimization.

I hope we can begin to slowly visualize how the jidoka and just-in-time pillars support total and true efficiency by categorizing the problems and providing a step-by-step method. This includes not only wasted time and materials but also wasted potential for human expertise. Now that Toyota has found a way to reconcile—to eliminate the conflict between—profit and cash flow, the goal of achieving true efficiency through the elimination of waste, although still an ideal, is no longer a castle in the clouds. There is now a well-defined path to reconciling what is good for companies—profit plus cash flow—with what is good for society at large—meaningful financial and environmental stewardship. That is why companies everywhere and, in every industry, have no choice but to adopt it and improve on the same methods just to stay competitive.

The foundation of the house:

People are the foundation of TPS’s competitive advantage. Most companies are happy to say that they have respect for people, but everything about how they operate says differently. Whether or not they mistreat their employees, almost all companies waste their workforce. TPS is a way to systematically bring the extent of that waste to light and then remedy it by designing work in a way that allows people to be paid for more than just their physical efforts.

Heijunka, standardized work, and problem solving

The roof of the house—the TPS’s goal—and its supporting two pillars—jidoka and just-in-time—rest on technical and managerial method that includes level production (heijunka in Japanese), standardized work and scientific problem-solving activities (kaizen in Japanese) (Figure 2.5). These elements work together to reconcile human creative nature with the kind of industrial work Toyota employees must do. That is to say that the foundation of TPS, upon which the goal and the techniques stand, is humanistic.
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Figure 2.5:  The foundation of the house of TPS




Investing in people via standardized work to perform the kind of flexible work that leveled production, or heijunka requires, and problem-solving is how expertise (craftsmanship, in some ways) reclaims its position, but now as part of an industrial environment. Without problem- solving—well, problems never get solved. An unsolved problem seldom goes away by itself; it almost always gets bigger and bigger until there is no choice but to solve it. By then, however, solving the problem has become very hard and very expensive, and there are only a few people with both the authority and expertise to do it. We are so used to this being normal that we can hardly imagine what’s possible when it is not tolerated.

In part, TPS addresses defects on the assembly line quickly before they accumulate into bigger issues. It addresses the problem of waste to avoid laying off workers later in periods of low growth. But it also addresses the problem of batch operation to level production according to customer demand and free profit-making from solely depending on economy of scale and the pollution it generates. 

But problem-solving depends partly on standardized work. Just as product specifications are necessary to evaluate product quality, clear work methods are necessary to proceed through tasks un-haphazardly. When rooting work is not standardized, it makes it difficult for people, and teams, to learn enough to conduct work efficiently and recognize, prevent, and solve problems. It becomes almost impossible to sustain whatever gains are achieved and propagate them through the organization (that is, to “immortalize” them).

Standardized work is how we execute the kind of flexible work that level production requires, and scientific problem-solving is how we resolve the challenges of working within the TPS’s philosophies. That is to say, solving a problem at the expense of introducing a workaround, such as performing work how you figured it, perhaps in a large batch of similar tasks and carrying extra inventory, is not considered problem-solving in the TPS. In fact, we will soon see that such “solutions” are considered a source of more problems in TPS. It is as much learning to problem solve as it is to solve learning how to perform work.

Heijunka, standardized work and problem-solving work together to sustain the kind of industrial innovation that TPS offers. They are intimately connected and, therefore, the foundation of TPS. Note that this foundation is humanistic but not disconnected from the economic imperative to reduce waste for the organization and the world. Only people, not machines or systems, can creatively organize work, solve problems, innovate, and adapt efficiently to bring affordable products and services closer to the customer while also working toward reducing negative environmental externalities.

For this reason, standardized work and problem-solving must be seen as human processes, not just technical processes, working to solve economic problems. And like any human process, they must have the right mix of strength and flexibility. In TPS, the strength of a centralized, consistent purpose and framework of thinking allows expertise at the shop floor level to provide the necessary flexibility to support locally driven and managed—decentralized—initiatives toward improvement and innovation.

In some representations of TPS there is a third pillar representing the system’s human aspect. While the impulse to add this third pillar is commendable, the human aspect is already captured in the essence of standardized work and problem-solving.

The house of TPS as a system

Like many growth or improvement systems, we can say that TPS is a system of managed dissatisfaction. Throughout this book series, we will keep seeing a fundamental formal element of TPS: the definition of the ideal condition, the accurate assessment of the current condition, and the gap between them that must be closed through the TPS methods.

It was my unconscious experience of this gap that led me to my long study of TPS. That summer at NUMMI, I experienced TPS without any formal knowledge of it. My coworkers and I were doing assembly line work, and I wasn’t too thrilled about it. I was working on completing graduate school—what was I doing here? But at that moment, I needed a job, and it was the best I could find. Yet, I could tell there was something different going on here. We were always being engaged to do the tasks better, and our supervisor seemed determined that we should figure it out ourselves, not abandoned but with his guiding knowledge of the work.

The following Fall, I took a job with a consulting firm—much more what I had in mind. We provided valuable assistance to a number of high-tech companies, but something about my experience at NUMMI made me feel that we should have been doing more. I just didn’t know what or how. Looking back, I can say that I had experienced something closer to the ideal condition at NUMMI and then, as a beginning consultant, was sensing the gap between that ideal and the current condition. But it was all too vague to get me anywhere.

I especially recall our work with a Texas defense contractor. This client’s biggest problems, as they saw it, were that their products were too expensive, they were carrying too much inventory, and they weren’t able to deliver on time. To reduce costs, they intended to consolidate three plants into one; in other words, they intended to leverage economies of scale. For over a year, we worked with the leadership team to develop a strategy and an execution plan. We helped them formulate clear goals, visible metrics, and protocols for efficient teamwork and communication. We improved supporting administrative and managerial processes, such as how often to look at cost and quality while consolidating. In the end, the consolidation did reduce costs, but inventory and late delivery were still problems, and that bothered me. Why couldn’t we have improved them, too?

Remember our bland summary of the Basic Thinking: “Focus on customers’ needs, with employees making improvements to eliminate waste where the work takes place.” My colleagues and I—and the managers with whom we worked so closely—were all trying to serve the customer more profitably, but without “making improvements where the value-added work takes place.” We were formulating strategic initiatives, managerial protocols, and administrative processes. Still, we rarely went to the shop floor to understand how to make and deliver the company’s product and how we could do it more easily, efficiently, and safely. We cut costs, but only by making people and machines work harder and overproduce, not by helping them discover and eliminate the inefficiencies that made their work take too long and cost too much in the first place.

My line supervisor at NUMMI would have known all this from the start. Twenty-five years later, thanks to some extraordinary Toyota Operation Management Consulting (OMCD) and Toyota Supplier Support Center (TSSC) teachers, I know better, too. At NUMMI, the Toyota Production System struck me as just some odd managerial practice. Later, it seemed like a valuable collection of shop floor tools and practices, but even then, the results were never as good as Toyota itself. Finally, I arrived at a much completer and more accurate picture. And it’s a much more exciting and hopeful one, too.


Socio-economical advantages of TPS


Chapter 3

Reconciling economic prosperity with societal and environmental stewardship




Our discussion of TPS so far has primarily focused on the benefits for individual firms, yet it has the potential to eliminate unnecessary trade-offs on a larger scale. After working in over one hundred companies across a dozen industries to implement this system, I have seen first-hand how the benefits of TPS naturally radiate outwards to improve the larger environment in which the firm operates.

TPS Is a Self-minimizing System

By its design, TPS naturally whittles down the footprint of its own operations to the true minimum needed to meet actual demand when it actually occurs. In this way, TPS is a Lean system, though the term can be misunderstood. It is not merely set up in a “lean” fashion to use minimal inventory and produce defect-free products just-in-time; it is a “self-leaning” system that through its functioning makes itself consistently more efficient through the significant sustained reduction of waste. As a natural product of its operation, it eventually reduces itself down to the truly minimal footprint necessary to meet demand.

Adopting TPS does not imply compromising growth. TPS systems have the same ability to grow through capital investment and achieve economies of scale as mass production systems. They are, however, set up for sustained improvements in efficiency through the elimination of waste, allowing them to maintain, if not continue to increase, profitability in times of macroeconomic stasis or even contraction. This is not a capability held by most companies that comprise our overall economy today.

Mass Production Is a Self-expanding System

While in theory companies can increase profit by both increasing revenue and reducing costs, cost reduction has come to be commonly interpreted as eliminating some functionality that as a byproduct increases burden on the rest of the organization. This is by no means what TPS intends.

Most organizations are currently designed to rely solely on growth and new investment in order to increase their efficiency. Reducing waste while simultaneously increasing productivity is seldom achieved in a sustainable way. Companies overwhelmingly choose to increase efficiency by increasing output instead of reducing waste, as previously illustrated in figure 1.1(A) and 1.1(B) in chapter 1.

Here is an example that helps us see some of the underlying reasons for this bias towards increased output. Let us say we have ten workers, each producing ten units of output per day. This makes one hundred units per day, which, let us say, is approximately the daily demand. If management wants to invest in increasing efficiency, we need each worker to produce more. If output can be sustainably increased by one unit per worker to eleven units per day, the ten workers will now be producing 110 units per day. If demand remains the same, we will now have an overproduction of ten units per day (Figure 3.1(A)).

At this point, the ideal would be to reduce the workforce on the line by one worker so that we have nine workers producing eleven units for a total of ninety-nine units per day. This keeps production tracking closely with actual demand while eliminating wasteful overproduction and reducing operating costs (Figure 3.1(B)).
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3.1(A):  Generate waste via overproduction
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3.1(B):  Produce to demand with less waste

You may be able to anticipate why this would be unlikely to occur. Management may worry about slightly under-producing for demand in the immediate. Workers may strongly resist improvements that may jeopardize their jobs. Toyota is unique in their practice of no layoffs. Most companies lay off their workers as a result of improvements made in operations. In Books 2 and 3, we will show what Toyota does to avert layoffs after operational improvements and during economic downturns. There may be fears about the company’s ability to scale production if demand increases. Furthermore, the workflow itself may not be designed in such a way that one worker can be removed from the line.

This last point is key and is a very common occurrence. Let us say that the management, in our example, invested in a machine that will do the work of ten people and replace all the workers. If demand were to subsequently shrink below one hundred pieces per day, they would be stuck with the whole machine. That machine does not have the flexibility to change the way it works or what it produces with the flexibility that a human workforce naturally possesses. The only way to avoid overproduction is to reduce the working time of the machine below its full capacity, which reduces the ROI of the investment.

Individual asset efficiency leads to singular reliance on growth for profit.

Maintaining the unnatural situation of sustained growth without any significant downturn is usually achieved in one of three ways:

- Companies can grow through capital investment. This is the case for most companies today. New capital investment usually involves spending on new physical assets like machinery and technology. This provides benefits—it enhances a company’s productive capacity but generally requires a projection of growth in the macro environment. Sustaining growth in this way relies on sustained capital investment.

- Companies can grow by introducing new products. This does not inherently improve a firm’s financial fitness, its labor relations, or help the environment. This kind of growth usually does not change the structural types of waste a company generates, but rather snowballs waste in tandem with new growth.

- Companies can grow through mergers. This can bring greater economies of scale, higher margins, and access to new markets. However, this is usually done without structurally changing the systemic causes of waste, overburden, and unevenness. In fact, these are usually increased because of mergers as supply chains become larger, more complex, more polluting, and more fragile. The problems have not been averted; they have simply been allowed to grow.

Individual asset efficiency creates negative cash flow and reliance on debt.

While new capital investment can improve efficiency and stimulate growth, it does not prepare companies to survive economic downturns. In fact, it usually does the opposite.

Investing in large machines designed to maximize production volume ties up capital in an inflexible asset. As we discussed, these investments are not set up to switch to producing less, producing differently, or producing a different product.

Furthermore, the addition of machines designed for mass production that are unable to provide a diverse array of goods at reasonable prices without batching and conveyance inherently increases the operation’s inventory. This ties up cash in slow-moving stock and decreases cash flow.

This tradeoff between profit and cash flow puts pressure on companies to find other ways of freeing up cash. They may delay paying bills, ask for early payment from their customers, or seek debt. Modern companies need to succeed in a highly competitive, high-growth environment. If growth continues to decrease cash flow in this way, companies using this approach will need to seek ever greater amounts of financial leverage to remain competitive and ultimately survive.

Now let us look at what happens in an economic downturn. If sales growth moves from positive to negative, companies will be forced to lower output while being stuck with excess capacity tied up in large, inflexible, expensive, distributed assets and inventory. The investments that were made in the expectation of growth now hinder a company’s ability to meet its debt obligation. This structural inflexibility means that even minor economic downturns can become existential crises. In this situation, a company needs to grow in order to survive. Growth is great, but a singular reliance on growth to perpetuate one’s existence is a structural liability.

These difficulties are endemic to our current system’s design. In the previous example, a company could adjust its number of line workers from 10 to 9, applying that worker and their capacity elsewhere within the company while meeting demand. To achieve this outcome, we need a system with different incentives. Engineers need the incentive to design production equipment that is more flexible, less expensive, collocated with the rest of the operation, and whose rate of output matches the rate of demand (Book 2). Workers need to be incentivized to work themselves out of their current role in order to be promoted without fear of being laid off. Management needs the incentive to reduce costs while meeting real-time demand (Book 3).

The economist Benjamin Coriat expressed his frustration with the general state of corporate recalcitrance in how they pursue growth like this: “A casual observer, and especially an economist, might consider all this as belonging to a domain of diverse and ephemeral managerial practices.” Indeed, Today TPS, or Lean, is merely classified as a managerial practice.

Ultimately, the production system we employ is a managerial decision. We can truly choose which one we want to use.

While this is the decision of a relatively small number of people, the consequences of this decision affect us all. This is why this book is not only intended for those in business and manufacturing but also for those interested in economics. TPS is more than just a way to make things; it is the basis for a new kind of relationship between supply and demand. If we do not change the nature of our current commercial relationships by making production directly connected to demand, the next generation may experience a lower overall standard of living than what we enjoy today. Making this transition is not only the right thing to do; now is also the right time to do it.

3 Global problems stemming from the firm level.

1. Financial instability: corporate, national, and global

Debt is an essential tool for economic growth, and debt that is paid off in time is not a structural liability. However, we have seen the normalization of the inability of companies to service their debt. Think about the nonchalance with which we use the term “too big to fail.”

In this way, we can see a parallel between “forced work” (Figure 3.2(A)) at the firm level and “forced spending” in the economy. They both increase efficiency and productivity but in an unsustainable way. Just as forced work for short-term individual asset efficiency at the firm level creates waste and negative externalities, so too does forced spending in the economy, but on a much larger scale.
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3.2:  Forced work approach to efficiency[10]




An economy comprised of firms that need cash infusions to stay alive requires an unsustainable financial commitment from their government. As national governments step into this structural role, we see a normalization of unserviceable debt held by nation states.

The global debt to GDP ratio has steadily grown. (Figure 3.3).

[image: ]

Figure 3.3  World debt-to-GDP ratio (1920-2020) (BEA)[11]




Despite the industrial strength of developed countries, the burden of the US public debt continues to escalate. It is now over 120% of GDP (Figure 3.4). The trajectory of growth of national debt towards our inability to repay it points to systemic flaws in the current economic model’s conception of growth. This situation is akin to how corporations operating under the premises of the mass production system are financially managed: they favor profit over positive cash flow and are enabled by a banking system that offers increasingly complex financial instruments in order to sustain this approach.
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Figure 3.4  US public debt-to-GDP ratio (1900-2023),

US Bureau of Economic Analysis (BEA)




This signals a looming economic crisis that could transcend national boundaries. Liberal and conservative economists alike are left with no choice but to support growing economic stimuli in the form of monetary and fiscal policy intervention in order to stave off systemic collapse. This was the case in the financial crisis from subprime mortgage bundling in 2008, the COVID-19 pandemic in 2020, and the collapse of Silicon Valley Bank in 2023. Economic shocks increasingly represent existential crises instead of downturn, and ever smaller shocks can threaten the effect of systemic collapse.

The necessity of these interventions reflects the managerial mindset of corporations operating under the premises of the mass production system: they favor profit over positive cash flow and growth over waste reduction. The result is a decrease in operational flexibility and a reduction in long-term resilience for both companies and the aggregate economy they comprise.

2. Corporate labor relations

The evolution of the workforce, characterized by a decline in expertise and the rise of automation, poses profound challenges to labor relations and true, sustained productivity. Having expertise in a particular field instills an employee with a strong sense of self-worth. They can see the value they provide, know that they are needed, and can continue to increase their value long term.

Since the onset of the mass production system, we have seen the opposite: a steady reduction of expertise required for most roles in industrial workplaces. Skilled work has been replaced with simple, unskilled, repetitive tasks that do not align with our creative nature as human beings. Since the emergence of the industrial revolution, we have seen a steady increase in the ability of labor to organize and negotiate on its behalf. Despite this, the structural role of labor has not changed, and the dignity of industrial work has not generally improved.

The approach to labor as a cost to be reduced or eliminated has driven offshoring to low-wage regions. This has the potential to increase net production costs in the long term. Offshoring requires upfront nominal costs associated with increased lead time, increased logistical burden and fragility, increased exposure to tariffs, and increased tensions with the domestic labor force. This last point has cost billions in productivity losses in the US alone (figure 3.5).
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Figure 3.5:  US Cumulated estimated economic impact of labor strike in billions (2023 USD). US Bureau of Economic Analysis (BEA)




It is estimated that nearly 10 million jobs have been offshored from the US in the last 20 years (Figure 3.6). This can eventually create new costs by decreasing the firm’s ability to address operational challenges and defects and decrease its responsiveness to customers. If foreign labor costs rise beyond the initial cost savings they once represented, companies will then be left with a net increase in production costs as a result of offshoring.
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Figure 3.6:  Estimated cumulative job losses due to offshoring in millions. (BLS.gov) (CSIS) (IZA World of Labor)

We must also talk about the emergence of AI. In addition to the potentially massive benefits it can provide, the adoption of artificial intelligence in operations threatens to dramatically exacerbate the externalities of the previous approach to automation. Replacing the workforce through automation contrasts with retraining the workforce for autonomation (Book 2) as Toyota does it.

3. Environmental degradation

Finally, our current mode of economic operation has created problems it is not well suited to resolve. In the pursuit of a particular kind of efficiency—individual asset return on investment—the mass production system must produce ever more of something regardless of how much is actually needed. The current situation is rapidly proving to be unsustainable. We can quantify our impact on the environment across a variety of measures: atmospheric CO2, biodiversity by species count, incidence of environmentally linked health conditions, and the number and size of regions in the world that have become uninhabitable because of recent environmental changes. We have not yet coalesced around an approach that addresses the root of the issue: our generation of waste.

Current condition: Challenges to prosperity

Growth without any contraction is not sustainable. When it finally arrives, the correction will be overdue, and firms designed only for growth will be left unprepared. The inevitable market contraction threatens to leave most firms with excess capacity tied up in inflexible assets, heavy debt, and no choice but to consolidate or fail.

One may argue that these failures would actually be healthy, as they weed out the weak. True or not, this is a distraction from the main point: any firm that survives will perpetuate their internal systems of operation as they continue to grow. Every cycle of expansion and contraction culls some number of producers and allows the remaining producers to continue growing, along with the byproducts of their operation. As the number of firms declines and the size of existing firms increases, some firms will become too essential to the overall economy to default, requiring bail outs in times of crises. When corporations reach this size, the guarantee of bailouts removes the pressure to be competitive.

The US has reached this point in several industries. Airplane manufacturing has become a monopolized industry with quality and safety problems. The biggest US automotive manufacturers now struggle to compete in the economy car segments of their own domestic market despite large loans from the US government[12]. Today, 75% of semiconductors are manufactured in Asia. These were all industries that first emerged in the US. The US government is now spending $53 billion through the CHIPS act to bring semiconductor manufacturing, research, development, and entry-level jobs back to the US.

Mass production has brought tangible improvements to our standard of living. However, our current system structurally prefers to displace costs outside the firm rather than eliminate them. The singular focus on individual asset efficiency as a measure of success at the corporate level fuels a self-destructive economic system.

Target Condition: Sustainable Increase in Prosperity

We have argued that low-waste production contributes to low-cost production, which is essential to increasing economic growth. This means that low waste production can stimulate the economy in the same way as capital investment and economies of scale. Eventually, this approaches the ability to give a customer what they want, when they want it, using only the minimum amount of work and materials necessary to produce it.

This has two additional positive effects. First, companies are incentivized to enhance their economic productivity with less waste. This creates stronger, more self-reliant firms that are more resilient to economic downturns. Second, fewer negative externalities generated by the firm means reduced costs for those that would otherwise foot the bill. Public and private spending on healthcare and the environment could decrease while the results actually improve.

Through studying and building upon the work of Henry Ford and previous key advancements in operation management, Toyota has innovated in the way we organize work by resolving the conflict between the pursuit of profit and the wellbeing of those both within and beyond the company.             

We now can apply this system in virtually any environment in which production takes place. I hope this book helps bring us closer to that goal.


About Book 2




Book 2 of 3 - Technical Element: Reconciling Financial Results




In Book 1, we presented the philosophical elements of TPS which guide the technical and managerial elements. The next step is to understand technically how to design an operation according to the TPS philosophy. To stop at merely understanding the philosophy leaves one with more knowledge as to why TPS is valuable without knowing how to apply it.

Book 2 is structured as a step-by-step guide through the principles and techniques involved in actually implementing TPS. It focuses on the principles (the why) and the techniques (the how) for each of the elements of just-in-time (system efficiency), jidoka (process efficiency), heijunka (level production) and standardized work.

The goal is to set up a system that cohesively works towards the systematic elimination of waste, not as a prescribed recipe to be clear, but as a series of actions and corresponding effects working as a system toward an ideal.

Every organization is unique and requires a tailored approach that fits its particular needs. What to do and where to start varies based on the circumstances. However, there are constant core principles that need to apply to the specifics of any situation. For example, we need to eliminate changeover time to be free from batch production, and the rate of supply needs to match the rate of pull to eliminate lead-time inventory. TPS requires a level of technical expertise, from the pace of work to equipment layout, that cannot be left to chance.

Companies often begin change-management initiatives without addressing these kinds of questions around work design and organization. The effort and the intentions are commendable but often fail to successfully implement TPS. We must set up the environment to drive the right behavior long term. At Toyota there is a saying: “We must act ourselves into changing.” Imagine how hard it would be to find problems quickly in a large pile of inventory, or create a steady flow of production with machines that stop frequently. To quote Ohno: 

“Recently, there seems to be more technological talk than practice. This should be a matter of great concern to us.” 

“Unless one completely grasps this method of doing work so that things flow, it is impossible to go right into the kanban system when the time comes. The Toyota Group was able to adopt and somehow digest it because the production plant already understood and practiced the idea of establishing flow.” 

Therefore, we will address the technical element of TPS in Book 2 before finally focusing on the managerial element in Book 3.
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[5] footnote: The faster increase in efficiency in Figure 1.1(A) is due to the decreasing denominator (input). A smaller input value results in a higher ratio of output to input for the same output, thus leading to a faster increase in efficiency. However, the true efficiency gain is the same. Since it takes one unit of input to produce one unit, in figure 1.1(A) we gain one unit of production per period and in figure 1.1(B) we eliminate waste which results in the reduction of one unit of input.
[6] This rule explains that, for the same part of raw materials as a long-range electric car battery, Toyota can equip 6 plug-in hybrid (PHEV) cars or 90 conventional hybrid cars with batteries. Hey, S. (June 7, 2023). Toyota’s 1:6:90 Rule – The Case for Hybrids. ENERGYminute. Retrieved from https://energyminute.ca/news/toyotas-1690-rule-the-case-for-hybrids/
[7] It is not a policy of no layoff, but a practice in place since the late 1940s when Toyota faced significant financial difficulties, leading to a major restructuring.
[8] Steven Spear et Kent Bower: « Decoding the DNA of the Toyota Production System » -Harvard Business Review January 30, 2006.
[9] “Separate Man’s Work and Machine’s Work” is the actual translation.
[10] Same figure as 1.1 (A) in chapter 1
[11] U.S. Bureau of Economic Analysis
[12] The US government recently (2023) approved a loan of $6.6 billion to Rivian. This amount includes $600 million in interest that will be rolled into the principal





OEBPS/image_rsrc3FN.jpg
Billions

v n n un Wun
= N N w W
(O} o Ul o v

U.S. Cumulated Estimated Economic Impact of Labor Strike
in Billions (2023 USD)

1900 1920 1940 1960 1980 2000 2020 2040
Years





OEBPS/image_rsrc3FD.jpg
Profit = revenue - cost Cash from operations
A A 4

Highest Quality Lowest Cost Shortest Lead-time






OEBPS/image_rsrc3F5.jpg
Name TTM Revenue |TTM Net Income
Toyota Motor Corp $309.8B $26.5B
Volkswagen AG $343.3B $12.9B
Ford Motor Co $182.8B $3.6B
General Motors Co $182.8B $10.9B
Stellantis NV $200.6B $19.7B
Hyundai Motor Co $208.9B $15.9B
Mercedes-Benz Group AG $158.8B $13.4B
Tesla Inc $97.2B $12.7B
Bayerische Motoren Werke AG | $157.6B $8.6B
Honda Motor Co Ltd $141.7B $7.6B
Kia Corp $74.4B $6.9B
BYD Co Ltd $94.3B $4.78B






OEBPS/image_rsrc3F6.jpg
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
(Periods)—»

mmm Qutput

Units of input
and output

Input

Forced Work Approach to Efficiency

1 2 3 4

60.0 61.0 62.0 63.0 64.0 65.0 66.0 67.0 68.0 69.0 70.0 71.0
60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
- Efficiency 100 102 103 105 107 108 110 112 113 115 117 118

m Qutput

5 6 7 8 9 10 11 12

Periods

Input ——Efficiency

125%
120%
115%
110%
105%
100%

Efficiency





OEBPS/image_rsrc3F4.jpg
THE TOYOTA

ECONOMIC SYSTEM

LEVERAGING

LTPS

b FOR THE
GREATER GOOD

OLIVIER LARUE

SECOND EDITION






OEBPS/image_rsrc3FE.jpg
Just-In-Time

AN ol

Income )
Statement Stop & Notify

Cash Flow
Continuous Flow Statement

Financial congruence Separate People's
Takt Time Work and
Machine's Work

Pull System





OEBPS/image_rsrc3FH.jpg
Units of lobor or output

120.0
100.0
80.0
60.0
40.0
20.0
0.0

Forced Work Approach to Efficiency

Before the change

Output after

Periods

B Output before

12.0
11.0
10.0
9.0
8.0
7.0
6.0
5.0

After the change

e Demand

= == Labor

Laobor





OEBPS/image_rsrc3F7.jpg
80.0
75.0
70.0
65.0
60.0
55.0
50.0
450
40.0

Units of input
and output

Forced Work Approach to Efficiency

(Periods)-» 1 2 3 4

B Output
Input

60.0 61.0 62.0 63.0 64.0 65.0 66.0 67.0 68.0 69.0 70.0 71.0
60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
—CEfficiency 100 102 103 105 107 108 110 112 113 115 117 118

B Output

5 6 7 8 9 10 11 12

Periods

Input =—Efficiency

125%
120%
115%
110%
105%
100%

Efficiency





OEBPS/image_rsrc3FM.jpg
U.S. Public Debt-to-GDP Ratio (1900-2023)

140
120
= Debt to
GDP % 100
80
......... Linear 60
(Debt to
GDP %)
20
0

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2023
—DebttoGDP % 7 8 29.2 16.3 439 94 53 37 347 552 57 87 128.1 121





OEBPS/image_rsrc3F3.jpg
THE TOYOTA

ECONOMIC SYSTEM

THE TECHNICAL ELEMENT:
RECONCILING FINANCIAL RESULTS

LEVERAGING

TIPS

W FOR THE
- GREATER GOOD

OLIVIER LARUE

SECOND EDITION
BOOK 2





OEBPS/image_rsrc3FK.jpg
World Debt-to-GDP Ratio (1910-2020)

160
140
120
100
80
60
40
20
0

Debt-to-GDP (%)

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
—Debt-to-GDP (%) 50 80 70 100 140 80 60 70 90 90 120 150





OEBPS/image_rsrc3F8.jpg
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0

Units of lobor
and output

Eliminating Waste Approach to Efficiency

(Periods)» 12 3 4

B Output
Input

60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
60.0 59.0 58.0 57.0 56.0 55.0 54.0 53.0 52.0 51.0 50.0 49.0
—Efficiency 100 102 103 105 107 109 111 113 115 118 120 122

B Output

5

7 8 9

6 10 11 12

Periods

Input =——=Efficiency

125%
120%
115%
110%
105%
100%

Efficiency





OEBPS/image_rsrc3FA.jpg
Innovate
through human
development

environmental stewardship

TPS philosophical element






OEBPS/image_rsrc3FG.jpg
Forced Work Approach to Efficiency

120.0 12.0
5
%. 100.0 11.0
g 80.0 — — — - - 10.0 .
5§ 600 90 3
A ©
8 80 ~
5 40.0 70
2
€ 200 6.0
=}
0.0 5.0
Before the change After the change
Periods

Output after (overproduction) B Output before

Demand = = Labor





OEBPS/image_rsrc3F2.jpg
THE TOYOTA

ECONOMIC SYSTEM

THE PHILOSOPHICAL ELEMENT:
RECONCILING PROFIT WITH SUSTAINABLE PROSPERITY

LEVERAGING

LTPS

W. FORTHE
- GREATER GOOD

e

OLIVIER LARUE

FOREWORD BY MICHAEL BALLE
SECOND EDITION

BOOK1





OEBPS/image_rsrc3FP.jpg
Estimated Cumulative Job Losses Due to Offshoring in Millions

=
o

9.4
9
@ 8
c
o
= 7
€
£ 6
o
a 5
o
.-‘ci, 4
T 3 -
© No data available
£ 2
k
w
1
0

1980 1990 2000 2010 2020

Years





OEBPS/image_rsrc3F9.jpg
WR)SAG UONONPOI] LI0AO ],

o) mou pue ‘wd)shs uononpoud ssewr o) ‘diysuews)jeld :uondnpold jo surd)shs 1ofeur 9911 sso1oe uoissaISold e se A101S1[] g1 2ImSy[

2JN1BU U] UBLIEJIUBWINY SJOW PUE YI0M
1e sa|diourid uewny Jo 3nsaJ ay1 Apson

uelejluewny ssa| pue ssaigoid
|ea180jouyaa) Jo 3 nsal 3y Apsoln

uelieluBWNY sa|diduld

diyspiemals [EIUBWILOIIAUD
UM 4IMOJS 2IWIoU0I3 3]1DU0d3Y

A

uonnjjod Jo |aA3)] 3|qeuleisnsun
2ouepunge pue spiepuels Suinl| panosduw)

Axou1e3s pue aujwiey $O|WOU023
1oedWI [EJUSWUOIIAUS MO |BIUSIUOIIAUZ

+ (sans

i i
30 AjuBiq Aduapiye Buisiwoidwod | -03D) 3OM JO UolleziuBWINYaQ S)Asse | PIIND) piBi Aj|e21WoU03-0100s Ing $9|Wou0d? eyun ‘sjni
INOYUM }JIOM JO UONIBZIUBWINY-BY | JuepOdw! 1S0W By} BWO3] SAUIYIRA | uellejjuewny pue pasnooy ajdoaq |eros s,Pineu Gsany)
2oe|dal
+ , + (3uawnasul + syonpoud S US m,>_>5m
IX3l4 YUM pajiouodai st spnpoid |e1oueuly) AJljIgIXa]4 YaM SI01[3U0d 40 Aljiqepioye pue Ajiqejieae SO|WoU0%3 9 .
40 Alljiqepioye 13 Aljiqe|ieay 1 s1npoud jo Ayljiqeploye pue Alljiqe|ieay Yum s3o1j3u0d Ayl Ajjeuonesado

S}JO-3PE.J] DIWIOUOID YIIM [|11S INQ 491199 | SJJ0-3pEl] DIWOUOID YIM NG POo
(snooy suiyoew) ASUSIDIYS [BNPIAIPU| | (S|IMs BulAasald) Aduapiye SulnunN Aduadiye Jualjisay

Aduaiye s,ainjeN

O O O \ Zn

S0S6T 00£T 23€1 29 0009 Aioasiy-aud
widlsAg uondnpoad elohop widlsAg uonanpoad sseN diysuewsyjes) S1aJ3y1en-JIaluny






OEBPS/image_rsrc3FC.jpg
Benefits to | Benefits to| Benefits to Benefits to
companies | employees society customers
Highest quality Higher revenue Trust
Dignity of X
- lower cost Environmental —
work iewardshi Affordability of
Lowest cost = higher profit N P |diversified products
Economic . - and services
. sustainability
i stability Availability of
. Higher cash . "
Shortest lead-time A diversified products
ow

and services






OEBPS/image_rsrc3FJ.jpg
- Forced Work Approach to Efficiency

75.0
70.0
65.0
60.0
55.0
50.0
45.0

40.0
(Periods)» 1 2 3 4 5 6 7 8 9 10 11 12

B Output  60.0 61.0 62.0 63.0 64.0 65.0 66.0 67.0 68.0 69.0 70.0 71.0
Labor 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
—Efficiency 100 102 103 105 107 108 110 112 113 115 117 118

Periods

Units of lobor
and output

mmm Qutput Labor —CEfficiency

125%
120%
115%
110%
105%
100%

Efficiency





OEBPS/image_rsrc3F1.jpg
THE TOYOTA

ECONOMIC SYSTEM

THE PHILOSOPHICAL ELEMENT:
RECONCILING PROFIT WITH SUSTAINABLE PROSPERITY

ik 'FOR THE.
‘ GREATER GOOD

OLIVIER LARUE
FOREWORD BY MICHAEL BALLE

SECOND EDITION
BOOK 1





OEBPS/image_rsrc3FF.jpg
Scientific Problem Solvmg (kaizen)






OEBPS/nav.xhtml

Table of contents

		The Toyota Economic System

		The Toyota Economic System

		Foreword by Michael Ballé

		Introduction

		Moving Beyond tradeoffs:

		Chapter 1

		Chapter 2

		Socio-economical advantages of TPS

		Chapter 3

		About Book 2

		Recommended Reading




Guide

		Cover




		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29

		30

		31

		32

		33

		34

		35

		36

		37

		38

		39

		40

		41

		42

		43

		44

		45

		46

		47

		48

		49

		50

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99

		100

		101

		102

		103

		104

		105

		106

		107

		108

		109

		110

		111

		112

		113

		114

		115

		116






OEBPS/image_rsrc3FB.jpg
Highest Quality Lowest Cost Shortest Lead-time

Continuous Flow Stop & Notify

Separate People's
Takt Time work and

Machine's Work

Pull System

Standardized work

Scientific Problem Solving (kaizen)





