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THE TOYOTA PRODUCTION
SYSTEM
Applying the concept of waste
in real estate management
Tuuli Jylhä*
1 Background
Use of resources is one of the greatest challenges globally in sustainability development. Overall, the built environment is responsible for a great part of energy consumption, emissions, and
waste generation (Van den Dobbelsteen, 2004; Remøy, 2010; Remøy & Wilkinson, 2012).
Both the construction and the use phase of a building consume natural, technical, and social
resources and create emissions. For example, around 80–85% of a real estate’s total energy is
consumed during its use phase (Sharma et al., 2007) which creates up to 90% of all its life-cycle
emissions ( Junnila et al., 2006). In addition to natural and technical resources, the use phase
requires plenty of intangible human capital (Lehtonen & Puhto, 2004); for example, in managing, planning, procuring, and controlling. A considerable amount of this human capital is
wasted ( Jylhä, 2013). The World Economic Forum (2017) has drawn the same overall conclusions by stating that almost 40% of the human capital is wasted.
Circular economy (CE) aims at efficient and effective use of resources. Circularity is based on
the idea of reducing resource input into the system and eliminating leakages out of the system
(Geissdoerfer et al., 2017). In the built environment, the one-sided interest in elimination of
leakages out of the system, for example through looping and re-looping, has gained some criticism (e.g., Kyrö, 2020; Ness & Xing, 2017). Taking into account the long life cycle of buildings,
the slow renewal of the building stock, and the amount of resources consumed in the use phase
of a building, resource reduction in the built environment becomes highly relevant. Here, the
focus is on resource reduction in the use phase of a real estate. An extended concept of waste is
adapted from the Toyota Production System in the field of real estate and workplace management (REM and WM) to reduce the use of resources and to manage for long-term circularity.

1.1 Extended concept of waste
The concept of waste is typically associated with the Toyota Production System (TPS) and the
related lean management movement, which has introduced the concept to a wider audience in
*t.e.jylha@tudelft.nl
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the management field since the 1980s. The term ‘lean’ was introduced by Krafcik (1988) and
later used, for example, by Womack et al. (1990), Womack and Jones (2003) and Liker (2004)
in the mainstream literature. Although the waste concept has provided a long-term competitive
advantage to Toyota, the history of the concept started, according to Koskela et al. (2012), at the
end of the 18th century. They stated that in 1880–1930, waste of resources had its flourishing
period. For example, in 1911, Taylor called after ‘greater national efficiency’ referring to the
resource-efficiency and effectiveness of both tangible and intangible resources (Taylor, 1911,
p. 7; Koskela et al., 2012, p. 5):
We can see and feel the waste of material things. Awkward, inefficient, or ill-directed
movements of men, however, leave nothing visible or tangible behind them. . . .
[E]ven though our daily loss from this source is greater than from our waste of material
things, the one has stirred us deeply, while the other has moved us but little.
The overconsumption of materials and labour force had a key role in production until
around 1930. In the flourishing period of waste thinking development, the concept of waste
was used not solely in production systems, but also to reduce waste in non-material environments such as governments, services, and engineering. After 1930, the concept of waste gradually re-emerged when the interest towards the Toyota Production System (TPS) started to rise
and when the environmental movement highlighted the environmental side of the waste, for
example, unwanted by-products and pollutions (Koskela et al., 2012).
The extended waste concept here refers to “the use of more than needed and unwanted
output” after Bølviken et al. (2014). Taiichi Ohno, the father of TPS, wrote that “we have to
start producing only the things we need” (Ohno, 1989, p. 18) using minimum resources, including natural and human resources. Lean thinking has been recognised as a resource-efficient
philosophy that is applicable across industries (González Chávez et al., 2019). In this chapter,
the concept of waste is used to re-create and release the available resources to avoid resource
overconsumption and resource losses, including the tangible and intangible losses such as loss
of human resources and time. Furthermore, the extended waste concept identifies value that is
not needed as waste.

1.2 Waste in the TPS
The TPS recognises work and waste (Ohno, 1989). In the TPS, work refers to a series of processes and steps where value is produced or processed (Imai, 1997). For example, the product
is given a feature, or needed knowledge is deducted and reported. The work in the steps and
processes either adds value or does not.
In the TPS, waste – the (over)consumption of resources without increasing customer value –
is categorised into seven types (Ohno, 1989; Imai, 1997): (1) waste of overproduction, referring
to producing more that needed; (2) waste of time on hand, referring to waiting; (3) waste of
transportation, i.e., unneeded movement of parts and material; (4) waste of processing itself, for
example over-processing; (5) waste of excess inventory that ties up capital and resources in unused
products; (6) waste of motion, for example in the search of a missing document; and (7) waste of
making defective products, typically meaning unwanted output, rework, or value deterioration.
In the TPS, the fundamental idea to achieve efficient and effective use of resources is based
on waste reduction. Waste reduction is done through continuous improvement (kaizen) at the
workplace (gemba), where the value is added (Imai, 1997). To implement kaizen in gemba, two
other waste aspects are needed (see Figure 13.1). The seven waste types presented are in Japanese
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Figure 13.1

Illustration of muda, mura, and muri (partly adapted from Hohmann, 2014)

called muda. Mura and muri compose muda. Mura refers to the irregularities (Imai, 1997) or
inconsistency (Ohno, 1989; Takeda, 1990) that prevent, delay, or interrupt the workflow. For
example, a document waiting to be approved constitutes waste of time for the employees in the
next process steps. Muri refers to the unreasonableness (Ohno, 1989) or strenuous work (Imai,
1997) in terms of work hours or demand. For example, too little time available, inappropriate
machines, or improper training can lead to defective products and services.
According to Imai (1997), the reduction of muda is simple: stopping something that we are
doing. This means holistic reconfiguration on the gemba level, i.e., on the entire process level,
which might, especially in knowledge-intensive fields, include multiple gembas ( Jylhä, 2013,
2019) within and across organisations.

1.3 Making-do as waste
Koskela (2004) has introduced making-do as the eighth category of muda. ‘Make do’ means that
something is done without all necessary input, or the quality of the input is lower than needed
(for example, Cambridge Dictionary, 2020). Making-do is used frequently in the field of lean
construction (e.g., Formoso et al., 2011; Emmitt et al., 2012; Fireman et al., 2013).
Originally, the idea of making-do is from operations management. Ronen (1992) explained
it through the idea of a complete kit, i.e. a practice to ‘do it right the first time and on time’.
In operations management, the complete kit means that all needed input, such as assembly parts
or components, documents and/or information, is ready for the “assembly, subassembly or process”. Only when the kit is complete can the assembly be started in the process (Ronen, 1992).
If this principle is not followed, waste is generated within that sub-process (i.e., in a gemba) and
across the entire process (i.e., in multiple gembas) (Koskela, 2004). Ronen explained the waste
as evils of an incomplete kit (Ronen, 1992; Jylhä et al., 2014).
The incomplete kit means that the job cannot be finished in the process. Instead, the object
of a job remains in the process, when waiting for the missing part, information, or documents.
Because fewer jobs are finished and more jobs are released due to an incomplete kit, there is (1)
more work-in-process.
From the perspective of a single job, this leads to (2) longer lead times: an incomplete kit takes
more handling time because some arrangements, operations, or set-ups need to be done more
than once. This increases the entire lead time of the assembly. In addition to longer lead times,
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variance of the lead times increases. In manufacturing, (3) high variance is one of the main causes
of quality problems (e.g., Deming, 1982). By nature, the prediction of the missing part or information cannot be punctual. The quality of the finished product is also jeopardised, when the
unfinished job waits for the missing information or component without the best possible storage
facilities or needed maintenance. This simply (4) deteriorates the quality and requires more rework.
From the perspective of the production process, more work-in-process generates more waste.
It (5) declines throughput when the unfinished job does not flow through the process but instead it
is in the way of other jobs, resulting in waiting and longer lead times. It (6) declines the overall productivity when more resources are spent in handling and management due to double set-ups and
operations – there is an overlap with the activities done before the waiting and after the waiting.
More work-in-process also (7) declines the manageability of the process. The unfinished tasks do not
fit or do not follow the principles of the controls in the process. This requires more resources
to manage and control the unfinished task. Furthermore, (8) the missing items are typically received
with extra delay because the non-suitable controls and decline in the manageability of the process
do not support fast delivery. This is opposite to the illusion of making the process faster by starting to work with an incomplete kit. Finally, more work-in-process (9) increases operating expenses
due to using more resources (especially human resources) than needed: double handling, double
managing, rework, lower quality, and damaged parts, to mention a few examples.
Lastly, from the perspective of the workers, (10) motivation declines. Workers see and experience the waste, such as double work, rework, and lower quality, caused by the system failure.
The workers’ motivation is not supported when the system logic goes against their grain.
To summarise, the resource input is consumed for work and waste (Ohno, 1989). Lean
thinking proposes efficient and effective use of resources by eliminating waste, i.e., muda, mura,
and muri. This elimination is in line with the circularity idea of reducing resource input to the
system and avoiding resource losses in the system.

2 Concept of waste for releasing and re-creating resources
in corporate real estate management
The current mainstream CRE and workplace management research and practice do not
acknowledge the extended waste concept. However, the dominant role of alignment theories
in CREM provides readiness and fitness to accept and adapt the extended waste concept. Why?
Because waste reduction provides greater alignment ( Jylhä, 2019). CREM aims for greater
alignment. This is highlighted, for example, in the definition of CREM: “the alignment of the
real estate portfolio of a corporation or a public authority to the needs of the core business”
(Dewulf et al., 2000). See also Chapter 9 on alignment theory.

2.1 Current alignment in CRE
Alignment constitutes several integrations within and across corporations (Kathuria et al., 2007).
The alignment within a corporation includes vertical and horizontal alignment (summarised
in Figure 13.2). In vertical alignment, often referred to as strategic alignment, the strategies,
actions, and decisions between several corporate levels are harmonised (Kathuria et al., 2007).
This type of alignment is well-studied in the current CREM literature (e.g., Weatherhead,
1997; Nourse & Roulac, 1993; Lindholm, 2008), which means that CREM can contribute to
strategic corporate objectives ( Jylhä, 2019).
Horizontal alignment is divided into cross-functional and intra-functional alignment. In
general, horizontal alignment is acknowledged but studied less both in the general management
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Figure 13.2

Summary of the current alignment in CRE (adapted from Jylhä, 2019)

literature (Kathuria et al., 2007) and in the CREM literature ( Jylhä, 2019). The cross-functional
alignment refers to the fit in decisions, planning, and operations between different corporate
functions (Kathuria et al., 2007), such as HR, ICT, operations, and CRE ( Jylhä, 2019). The
intra-functional alignment identifies the fit between various decision areas within that function
(Kathuria et al., 2007), for example, within the CREM function ( Jylhä, 2019). In CREM,
intra-functional alignment means, for example, that decisions, planning, and actions are aligned
between financial, building, and user-oriented decision areas ( Jylhä, 2019).
Horizontal alignment also covers the integration across corporations (Alagaraja et al., 2015)
which is typically studied in supply chain and value chain management ( Jylhä, 2019). In the
field of CREM, this type of alignment has received less attention, although supply chains and
the external service provider network play a crucial role in the value delivery ( Jylhä, 2019).

2.2 Alignment to reduce waste in CRE
Waste reduction aligns especially horizontally (Schniederjans et al., 2010; Jylhä, 2019). From
the circularity perspective, horizontal alignment reduces the resource input into the system and
resource losses in the system. By following the concepts of muda, mura, and muri, horizontal
CRE alignment can reduce waste on three levels: (1) on the work level (muda), (2) on the system level (mura), and (3) on the employee level (muri).
Waste on the work level (muda) refers to work steps that do not add value. (1) Waste of
overproduction of information, products, or services refers, for example, to unnecessary data,
unused square metres, or excess use of user or maintenance services. (2) Waste of time takes
place when searching, working, and thinking the same twice, for example, in decision-making,
planning, negotiations, or coordination due to the incomplete kit. (3) Waste of transporting
information, people, or equipment is generated when, for example, excess RE information
is delivered to decision-making or maintenance equipment is transported without a need.
(4) Waste of over- and underprocessing happens, for example, when repairs are not planned in
the budget or FM services are bought without knowing the user need. (5) Waste of inventory
takes place, for example, in the format of non-needed plans, reviews, or negotiations. (6) Waste
of motion is performed especially when searching for missing information ( Jylhä & Suvanto,
2015), for example, in the search of an updated floor plan, a lease agreement, or a report.
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(7) Waste of defects and unwanted value occur when, for example, a wrong decision is made, or
the service or product is damaged or does not match the customer needs.
In terms of the TPS, waste reduction on the work level takes place at gembas in and between
the CRE decision areas within the corporation. Reducing waste on gemba means horizontal
alignment. In terms of circularity, tangible and intangible resources in the individual work steps
are reduced and released to mobilise them into value delivery steps within the (CRE) organisation. This means that the (CRE) organisation is recreating its resource base through its processes and strategic routines, which are known as dynamic capabilities in management science
(e.g., Eisenhardt & Martin, 2000; Teece et al., 1997; Jiang, 2014).
Waste on the system level (mura) refers to the interruptions that generate waste not solely
within a process step but along the entire system. In terms of the TPS, waste is generated
between gembas within the organisation and across organisations, covering a network of processes. Jylhä (2013) identified that the separate sub-processes are the root aggravation of waste
generation. Unsynchronised sub-processes constitute making-do waste especially in the downstream. Waste reduction releases tangible and intangible resources and renews the resource base
of the system. This resource base is then mobilised into long-term horizontal co-creation processes (e.g., Eisenhardt & Martin, 2000; Teece et al., 1997; Jiang, 2014) across the system.
Waste on the employee level (muri) refers to overload of work. The overload comprises the
waste on the work and system levels ( Jylhä et al., 2014). From the work level perspective, the
employee uses resources for work that does not add value due to the lack of standardised best
practices and rationalised work steps (Ohno, 1989). From the system level perspective, makingdo waste overconsumes especially the human resources when more work-in-process declines the
responsiveness and manageability of the process. By decreasing muda and mura, also the overload
of work is decreased (Hines et al., 2011). This improves the social inclusion and performance
of the workers, which is also relevant in circularity enhancement (Geissdoerfer et al., 2017).
To summarise, waste reduction aligns horizontally. Continuous waste reduction can be seen
as a dynamic capability of an organisation. Dynamic capability means that the organisation
modifies its resource base (Eisenhardt & Martin, 2000; Jiang, 2014) through its processes and
strategic routines (Eisenhardt & Martin, 2000). When adopting the extended waste concept, the
processes and strategic routines constantly identify, reduce, and release resources that lead to recreation of the resource base. From the circularity perspective, this type of horizontal alignment
has the potential to enhance long-term circularity.

3 Methodology/research approach
The research approaches to study waste can be divide into two. By following the presentation of
Lousberg and Van Stijn (NA), representionalist research aims to understand the waste concept
in reality, in this case in the context of real estate and workplace management, by observing
it. Interventionist research aims to understand the waste concept by engaging in it. In both
cases, studying waste in reality requires a hands-on approach. The key distinction is whether
the researcher remains as an observer or if the researcher takes a more active approach in the
intervention(s). Value stream mapping (VSM) is a common lean technique to study flows and
related waste, for example, in manufacturing (see e.g. Abdulmalek & Rajgopal, 2007; McDonald et al., 2002), in construction (see e.g. Arbulu et al., 2003; Yu et al., 2009), or in healthcare
(see e.g. Henrique et al., 2016; Lummus et al., 2006). VSM visualises work processes. According to Lee and Snyder (2006), this visualisation process leads to enhanced mutual understanding
of the flow and further supports its implementation. A Kaizen workshop is a special workshop
to develop and implement value stream maps (Liker, 2004).
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Depending on the research approach, the data collection methods vary from qualitative
observations, interviews, workshops, and document gathering (e.g., Rahani & al-Ashraf, 2012;
Jylhä, 2013, 2014) to analysing quantitative data typically related to processes and operations
such as lead times, ratio of value-added times to lead times, work-in-process, set up times, and
quality indicators, to name a few (see e.g. Arbulu et al., 2003; Yu et al., 2009; Abdulmalek &
Rajgopal, 2007).
In the field of workplace and real estate management, flows and processes are mainly studied
from the perspective of office (layout) and its impact on the office user (for example, Vischer,
2008; Haynes, 2008; Appel-Meulenbroek et al., 2014). Here the flows and processes are related
not necessarily to the output of a service or product delivery and its impact on the office
user, but on the workplace management-related processes and strategic routines (e.g., Jylhä,
2013, 2014) that make the workplace management organisation a learning organisation. Future
research in the workplace management fields would benefit if both research streams, the impact
of the office on users, and the resource-efficient and effective way of implementing that knowledge in the workplace management processes and routines would get more attention.

4 Limitations of the theory
The implementation of waste reduction requires a long-term approach. The concept of waste
has shown both its power in the production systems of organisations (e.g., Ohno, 1989; Shingo,
1989; Koskela, 2000; Schniederjans et al., 2010; Mazzocato et al., 2010) and its limitations in
implementation (e.g., Cusumano, 1994; Cooney, 2002; Rymaszewska, 2014).
Long-term waste reduction is not about adapting and implementing a selected set of tools
and techniques from the TPS. This is mainly due to two issues. First, long-term improvements
typically require changes on many levels of the system. In lean, according to Teece et al. (1997),
the changes require synchronised improvements both on the shop floor and in higher-order
managerial processes. Because of the multiple layers in the system, simply replicating a technique on one level does not bring long-term benefits.
Second, due to the dynamic environment, waste reduction is done constantly through continuous improvements in the TPS. Continuous improvement can be interpreted as an organisational learning process where “repetition and experimentation enable tasks to be performed
better and quicker” (Teece et al., 1997, p. 520). The processes and managerial practices carry
and implement the knowledge stock that exists in organisations (e.g. Besanko et al., 2013; Jiang,
2014). In the TPS, continuous improvement is implemented through the processes and practices of the improvement system. Without creating a coherent improvement system, the adaptation of individual lean tools and techniques might yield zero benefits (Hansen & Møller, 2016).
To summarise, the limitations of the extended waste concept lie in needed structural and
long-term improvements in the organisational processes, which make the organisation a learning organisation. These processes are hard to replicate even when observed, as Teece et al.
(1997) stated. This limitation can also offer a great benefit: when (C)RE organisations and
systems adapt the extended waste concepts, it motivates organisations to improve their processes
and strategic routines, resulting in structural and long-term advantage to sustain the transmission
from linear economy to circular economy.

5 Theory relevance to practice
For real estate and workplace managers, learning to see waste and reducing it means doing the
right things with as few resources as possible. This leads to resource efficiency and effectiveness
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meaning, for example, lower costs, future-proofed allocation of resources, and contribution to
the sustainability goals. In this section, a case is briefly presented to illustrate the excess use of
intangible resources in the corporate real estate management context. The case has been originally presented by Jylhä et al. (2014). The case organisation was in the process of centralising
its operations. The centralisation, which was a business-driven need, resulted in re-structuring
the current real estate portfolio that included 10 properties in the same market in the Helsinki
Metropolitan Area, Finland. In the case analysis, the focus was on the system level, including
phases and steps to find a suitable property or properties to support the centralisation of the
operations. The CRE organisation was an agent acting on behalf of the case organisation by
following the service agreements. Heywood and Kenley (2010, 2013) called this the extended
CREM organisation. The agent established a team on the intra-functional level to create a solution for its corporate customer. The work lasted approximately 3.5 years, starting in autumn
2009 and ending with a final solution in early 2013.
Value stream visualisation identified that most of the work done in the first 2.5 years was
making-do. The work in the process was started with incomplete information resulting in several
rounds of layout planning, bidding, property searches, analysis, and negotiations, which consumed lot of human resources and time. More work-in-process resulted in (1) longer lead times
due to waiting for missing information; (2) variance in lead times because the same steps were
done again after the waiting (e.g., arranging the same meetings twice or reworking with the
schedule to fix an error); (3) decrease in quality because the missing information prevented delivering the right quality at the first time, for example, in terms of the office layout or location; (4)
decrease in throughput when the work was not finished (e.g., unfinished layouts, negotiations,
and other documents) but remained in the process; (5) decrease in the manageability of the process, which required more resources to control the inconsistency of disproportionate information or special arrangements; and (6) increase in the operational in-house expenses (the waste of
human resources) and outsourced expenses (e.g., the final layout drawings were purchased twice).
The case especially illustrates the excess use of human resources and time. The wasted human
resources would have had potential to be mobilised into value-adding work.
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