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Chapter

From Lean Manufacturing to Lean 
Construction: How Principles, 
Tools, and Techniques Evolved
Sevilay Demirkesen

Abstract

Lean manufacturing first emerged in the automotive industry. However, low 
productivity and low efficiency in production are major problems for the majority 
of industries relying on a heavy workforce. Being one of these, the construction 
industry suffers from low productivity rates along with inefficient work practices. 
To prevent those, the industry has shifted its focus from the traditional approach to 
a more innovative one, which is called Lean construction. Lean construction aims 
to maximize value while minimizing waste. Therefore, it intends to create safer, 
smoother, and more efficient processes to eliminate waste. This chapter focuses on 
Lean construction and highlights the generic Lean tools and techniques practiced in 
the construction industry indicating its historical journey from Lean manufactur-
ing. The chapter aims to raise awareness towards the efficiency of Lean methods in 
the construction industry with respect to practices observed in manufacturing.

Keywords: lean manufacturing, productivity, efficiency, lean construction,  
lean methods

1. Introduction

The foundation of Lean thinking dates back to the 1900s, when Henry Ford, 
founder of Ford Motor Company, came up with an entire production process relying 
on interchangeable parts with standard work and moving conveyance for creating a 
flow production [1]. Melton [2] defines Lean as a revolution indicating that Lean is 
not just utilizing tools and techniques or making a few changes in processes, rather 
he defines Lean as a complete change in businesses to observe supply chain opera-
tions, managerial decisions, and daily work of employees in an organization. The 
authors of the book named “The Machine that Changed the World”, which is one of 
the most influential books implied that the Lean way results in better products at a 
lower cost as well as encouraging employees to overcome challenges in production 
processes [3]. Even though Lean manufacturing has first found its roots at Ford, 
it was later investigated by Toyota Motor Company. The Japanese engineer Taiichi 
Ohno, who had several visits to Ford factories to observe production processes. 
However, Taiichi Ohno found some methods implemented at Ford as needing 
improvements. Therefore, Sakichi Toyoda, his son, Kiichiro Toyoda, and Taiichi 
Ohno came up with the concept of Lean Manufacturing, which was first called 
just-in-time (JIT) production [4]. Taiichi Ohno was responsible for implementing 
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the new ideas that evolved into the Toyota Production System (TPS). Then, Taiichi 
Ohno hired Shigeo Shingo to work on the setup reduction problem at Toyota. Shingo 
later named this successful process the famous Single Minute Exchange of Dies 
(SMED) system. This is how production ideas evolved at Toyota leading to technical 
innovations.

The lean manufacturing concept was first articulated as a shop floor practice 
to reach higher efficiency in processes being implemented with JIT and Toyota 
Production System (TPS) [5, 6]. It was also mentioned that Lean manufacturing in 
the 1980s rather focused on shop floor techniques and inventory reduction as well as 
value-added processes in the supply chain [7, 8]. Lean manufacturing is now imple-
mented as a popular manufacturing practice in various countries and industries [9]. 
The ultimate goal intended by Lean organizations is to have a high-quality orga-
nization responsive to customer demands with no waste. On the other hand, most 
manufacturing organizations fail to realize the transformation for Lean due to a 
range of challenges faced [6]. The majority of the previous studies implied that even 
though most Lean organizations aim to implement Lean in the best way, they fail at 
some point as a matter of fact [10, 11]. However, the organizations are still seeking 
ways to improve their Lean approach and effectively practice Lean methods.

The success of Lean thinking in the manufacturing industry positively affected 
the construction industry. However, the construction industry is a conservative 
and fragmented industry, which makes innovations less welcomed by industry 
practitioners [12]. On the other hand, low productivity rates and intentions to 
improve workforce efficiency led the construction industry to implement innova-
tive technologies.

The term ‘Lean Construction’ was first articulated by the International Group 
for Lean Construction (IGLC) in 1993. Glenn Ballard and Greg Howell, the two 
construction practitioners who first considered Lean in construction projects, 
started the Lean Construction Institute (LCI) in 1997 to provide and share informa-
tion about the management of construction projects in the most effective way. They 
observed that only 50% of the tasks on weekly work plans in construction projects 
are completed on time by foremen in a given week [13–15]. They proposed that 
construction practitioners can avoid these problems with active management of 
variability, starting with the structuring of the project (temporary production sys-
tem) and continuing through its operation and improvement” [16]. This indicated 
that the construction industry is facing similar challenges to the manufacturing 
industry. Hence, the principles of the TPS and methods of Lean productions started 
to have been practiced in the industry by adapting them for construction.

Considering the similarity of challenges and need for improvement in both 
manufacturing and construction, the Lean methods have evolved with the meth-
ods for implementing. Hence, the main purpose of this chapter is to provide the 
background of Lean thinking in both manufacturing and construction along with 
presenting a bunch of Lean methods, which are widely practiced by industry prac-
titioners. The chapter also mentions how Lean methods in production have changed 
when they are being implemented in the construction industry.

2.  Background of lean production and lean construction: Interaction in 
terms of tools, techniques, and methods

Due to the quick industrialization after the industrial revolution, the world has 
become a place, where natural resources are unconsciously consumed and environ-
mental problems increase. All these negative conditions have caused the run out of 
natural resources, distortion in the ozone layer, decrease in biodiversity, increase in 
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environmental contamination, and global warming. Therefore, the removal of all 
these problems and negative conditions is one of the most important challenges of 
today’s world. This leads to a considerable increase in the number of studies regard-
ing the prevention of environmental problems, conscious use of natural resources, 
and a cleaner and healthier environment to be inherited by the next generations. In 
this context, Lean is a newly emerging concept for the majority of industry encour-
aging the effective use of resources. One of the major challenges of today’s world is 
to execute projects more efficiently with respect to project objectives. At this point, 
Lean thinking aims to minimize waste while maximizing value to the customer.

Lean Production was the term coined by [17] to refer to Toyota’s offering of 
high value, low-volume, and cost-competitive production to best address customer 
desires [18]. After the success of lean production in the automotive industry [19], 
Toyota’s Lean thinking was applied in other industries. The construction industry 
produces more waste than any other industry in the entire world [20]. The waste 
oftentimes occurs in the form of workforce loss, safety breaches, material waste, 
and low efficiency. To avoid these, Lean construction has proven to be an effective 
means of production management for project delivery, i.e., designing and building 
capital facilities. Lean Construction is important in that it adopts the principle of 
minimizing waste and maximizing value while improving the total project perfor-
mance per customer expectations. The need behind Lean construction comes from 
the failure of mass production and the persistence of craft-based production in the 
construction industry. Due to the changing needs of the customer, Lean construc-
tion is essential to provide the desired variety. To minimize waste and maximize 
value, researchers have previously focused on several different Lean construction 
methods. For example, it was implied that modular construction is effective in 
reducing waste and achieving resource efficiency [21]. This study also demon-
strated that modular is reusable, which evidences the essential function of modular 
construction. In another study, it was indicated that there are several waste factors 
in mid/high-rise building projects and the determination of those waste factors 
is essential [22]. Therefore, Lean construction has proposed an opportunity for 
estimating the impacts of waste on overall project performance [23].

Sacks et al. [24] implied the importance of Lean production management systems 
in reducing waste in construction. Kalsaas [25] highlighted that measurement of 
waste and workflow is essential for the achievement of continuous improvement in 
construction projects. El.Reifi et al. [26] emphasized that Lean thinking is essential 
in the briefing process, where the design team develops their designs with respect to 
clients’ desires. Fullalove [27] provided that the use of Lean techniques resulted in 
significant benefits such as an increase in return on investment and efficiency sav-
ings in UK road constructions. Marhani et al. [28] indicated that the application of 
Lean thinking into the construction industry provides a tremendous opportunity for 
the reduction of waste and an increase in production. Zhao and Chua [29] demon-
strated that the reduction of non-value adding activities has a significant contribu-
tion to the construction productivity improvement. Aziz and Hafez [30] concluded 
that lean projects are safer, easier to manage, completed sooner, cost-effective, and 
are of better quality by referring to the impact of lean in minimizing waste in con-
struction. Boyce [31] investigated the aspects of Lean thinking and concluded that it 
helps to improve the design phase of complex projects by emphasizing the essential 
function of a collaborative planning process in highway design. Going Lean is needed 
for the defective processes in mass production and craft production. Hence, Lean is 
an effective approach for customer satisfaction and enhanced project performance as 
previously implied by several studies [32, 33]. However, there is still a need for more 
effective Lean techniques to be applied in the construction projects especially given 
that the industry generally is reluctant to embrace and slow to adopt change.
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Given this background, this chapter presents the most applied methods of Lean 
in the construction industry with inference to Lean production. The construction 
industry is utilizing most of the Lean techniques developed for manufacturing. 
Hence, it is essential to present these tools and techniques to guide industry practi-
tioners for the proper implementation of the methods.

3. Lean methods: how tools and techniques are evolved

Lean methods have been heavily implemented in the manufacturing industry. 
Over time, the efficiency and reliability of the methods have been proven. This 
encouraged other industries to benefit from Lean methods. Since the construction 
industry relies on a heavy workforce, it is essential to utilize safer, reliable, and 
efficient methods and technologies.

In production, it is of utmost importance to eliminate ‘waste’. Waste or ‘muda’ in 
Japanese is simply defined as anything other than the minimum amount of parts, 
materials, equipment, and work time specific to production [34]. There are seven waste 
types defined as overproduction, waiting time, transportation, inventory, processing, 
motion, and product defects. Lean manufacturing aims to manage processes without 
waste. However, it was evidenced that several companies are still challenging with stay-
ing Lean [35]. Kongguo [36] implied that Lean thinking helps conceive the Lean prin-
ciples better, which first starts with realizing the customer value and continues with 
identifying value-added activities, generating flow, implementing the pull system, and 
sustaining continuous improvement. To improve the efficiency in those, various Lean 
methods and techniques are developed and practiced in manufacturing organizations. 
Some of them have been more effective in other industries such as construction.

Below are the widely implemented Lean techniques that have evolved and be 
used in the construction industry.

3.1 The last planner system (LPS)

LPS was originally developed by Glenn Ballard in 1993 in accordance with Lean 
construction principles. LPS is a Lean construction tool that focuses on increasing 
productivity by creating weekly work plans. The weekly plan includes tasks related 
to work and the individuals executing these tasks are called the Last planners 
[13]. LPS allows quick monitoring of the work-related issues for all construction 
personnel. LPS also provides an environment, where mistakes are visible. However, 
problems might occur, and timely actions are not taken in traditional construction 
management leading to late delivery of projects [36]. The Last planner is the person, 
who directly supervises the work. This person is usually responsible for production 
capability. The Last planner can be anybody like a project engineer, department 
manager, or foreman [37]. Figure 1 presents the Last Planner System.

The tasks are split into two as needed and weekly. As needed tasks involve 
‘should’ tasks, whereas weekly tasks include ‘can’, will’, ‘did’ tasks. In ‘should’, the 
tasks include work to be done to reach the determined milestones according to 
the project plans. These tasks are created from different data such as customer 
demands, project goals, and information, planner stuff ’s former experiences. In 
‘can’, the fundamental tasks are reflecting the actual work that is executed with 
respect to the constraints of the project. In this process, the required materials and 
labor are ready, where the previous project stage is completed. In ‘will’, the tasks 
ensure the work to be completed after all constraints are assessed. In ‘did’, the tasks 
refer to completed work [39].
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3.2 5S method

5S is a Japanese method of organizing the workspace in a clean, efficient, and 
safe manner to create a productive work environment. The 5S is a starting point for 
any company aiming to be recognized as a responsible and reliable producer [40]. In 
Japanese, the 5S methodology represents 5 different words, which all start with the 
letter S. Figure 2 presents these five steps, respectively.

Sort (Seiri): Sorting is the first stage of 5S. It is the process of sorting out (sepa-
rating) materials and equipment needed or unneeded. This process might result in 
fewer complaints, improved communication among employees, and an increase 
in the quality and efficiency of production. This process allows workers to take the 
next steps such as tagging the items.

Figure 1. 
Last planner system (adapted from [38]).

Figure 2. 
5S stages.
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Set in order (seiton): This stage refers to make all equipment needed for pro-
duction accessible and prepared for use. This step also refers to organize all equip-
ment and material for easy access and facilitation for production. This step requires 
the work area to be organized for production. A map can be drawn to represent 
station and equipment places.

Shine (seiso): This step refers to cleaning polluted equipment and work area. 
Pollution can be detected by sense organs and this might help find out the problem 
before it occurs. This stage also refers to sweeping everywhere cleanly and taking all 
kinds of unwanted objects away from the working environment. Thus, abnormali-
ties can be noticed immediately, and the decision to clean materials after separation 
becomes easier.

Standardize (seiketsu): This stage refers to cleaning and maintaining the 
arrangement and standardizing that. The main purpose of this step is to fully meet 
3S requirements and to detect and eliminate the root cause of problems. The way to 
ensure these is to constantly check the environment and detect deficiencies.

Sustain/self-discipline (shitsuke): This step encompasses all stages. It includes 
checking the existing system, training the employees, establishing good commu-
nication, and rewarding. The main purpose of this step is to get into the habit of 
maintaining the correct procedures [41].

3.3 Mistakeproofing (Poka yoke)

“Mistake proofing, or its Japanese equivalent poka-yoke (pronounced PO-ka yo-
KAY), is the use of any automatic device or method that either makes it impossible for 
an error to occur or makes the error immediately obvious once it has occurred” [42]. 
Mistake proofing is an effective quality control technique to avoid human error, which 
might cause mistakes or defects [43]. Shingo [44] defines three inspection techniques 
for quality control, namely the judgment inspection, informative inspection, and 
source inspection. Judgment inspection is for discovering defects, whereas informative 
inspection is used to lower defect rates by controlling the process and prevent defects. 
Source inspection rather searches the conditions that exist for an error-free action.

Poka yokes might be grouped into three as shutdown poka-yoke, control poka-
yoke, and warning poka-yoke in terms of their functions. The poka-yoke devices 
check different and important parameters and detect whether the process has an 
improper action. This check allows detecting whether the product manufactured has 
defects or not. The shutdown of poka-yokes constitutes an important part to prevent 
defects eliminating the possibility of error. The control poka-yoke is built into the 
production equipment and works as a redactor. When the device finds an unwanted 
condition that occurred during manufacturing processes, it signals production to 
avoid defects. The warning poka-yoke warns the operator with either visual symbols 
or sound signals for errors. The warning poka-yokes rely on human factors, where it 
is not quite certain to avoid defects in the production processes [45].

Mistake-proofing has six principles namely elimination, prevention, replace-
ment, facilitation, detection, and mitigation. The first four principles intend to 
prevent the occurrence of human error, whereas the last two principles are to 
minimize the effects after the occurrence of human error. Figure 3 presents these 
six principles along with their tasks.

The use of mistake-proofing devices also provides various advantages in terms 
of safety at the workplace [46]. It is possible to create fail-safe approaches in manu-
facturing with the use of such tools and devices. Considering the high accident rates 
in the construction industry, the use of mistake-proofing devices is also effective 
means of enhancing safety performance and avoiding human errors leading to 
work-related accidents.
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3.4 Visual management

Visual management is a broadly implemented Lean technique in the manufac-
turing industry. This technique helps to make information visible for all showing 
the information through visual signals [47]. Visual management has recently been 
used as a system enabling employees to better understand their role and contribu-
tion with respect to organizational values and customer needs. Nevertheless, the 
critical role of visual management has not yet been understood well by the con-
struction industry. For example, two types of visual means such as 3D and visual 
planning are utilized in construction design [48]. Visual management helps increase 
communication, transparency, and stakeholders’ capabilities [49, 50]. Therefore, 
construction companies must make use of these techniques to provide a better 
environment for their employees increasing efficiency and productivity.

3.5 Target value design (TVD)

Target Value Design (TVD) is simply defined as “a management practice that 
steers the design and construction of the project to the customer’s constraints while 
maximizing the value delivered within those constraints” [51]. TVD is an emerging 
practice in the U.S. construction industry for cost predictability during design, con-
struction, and delivery. It is adapted from the Target Costing method of manufactur-
ing, which first appeared as a profit planning and strategic management approach in 
the 1930s [52]. This technique is promising for several benefits for the construction 
industry, where the companies are still struggling with project constraints such as 
cost, quality, and time. Therefore, TVD is an effective means of collaborative Lean 
approach in terms of reducing construction costs [53]. It was further indicated that 

Figure 3. 
Mistake proofing principles.
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the systematic application of TVD resulted in significant improvement in project 
performance based on 12 construction projects, where TVD was introduced. 
Figure 4 presents the TVD process with respect to construction project phases.

3.6 Value stream mapping (VSM)

Value Stream Mapping is an essential tool to identify and comprehend the 
productive stream focusing on the identification of waste sources, such as waiting 
for products and inventories, rework, information lost in the process, non-value-
adding activities besides the identification of opportunities for improvement [54]. 
With VSM, it is possible to improve the information stream in the design process 
through the inclusion of alternative methods of control. This creates a base for 
incentives and future actions to generate value [55].

VSM helps visualize the whole rather than isolated parts of the process as well as 
monitoring the products, documents, and information. It also allows simultaneous 
visibility of streams of materials and information; visualization of indicators such 
as throughput time, percentage of value aggregation, lots size, and cycle time for 
the performance of activities [56].

VSM consists of several steps such as mapping activity for a family of products, 
defining the current state map of the value stream, and creating the future value 
stream map, where improvement takes place based on the proper identification of 
problems [54, 56]. Figure 5 presents the steps for VSM.

3.7 5 whys and root cause analysis

5 Whys is a quality management tool of problem-solving aiming to find the root 
cause of an event [57]. It directs that one needs to ask five times repeatedly to iden-
tify the root cause of a problem for the fact that the solution is clear. This procedure 
aims to eliminate the root cause to prevent its recurrence [58]. Figure 6 shows the 5 
Whys procedure for finding the problem’s root cause.

Considering the risky nature of construction projects, it is of utmost impor-
tance to determine the root cause of the problems leading to unwanted situations. 
Therefore, 5 Whys analysis is an essential method for preventing problems either 

Figure 4. 
TVD process scheme [53].
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from occurring or recurring. Therefore, utilizing the 5 Whys method might result in 
higher efficiency and productivity, where risky conditions are eliminated.

3.8 Gemba walks

Gemba is a Japanese word and it stands for the “actual place” [59]. For creating 
value in the organization, the actual place must enable employees to manufacture 
with less waste, fewer challenges, less overload, land ess overproduction. At this 
point, Gemba walks are essential to go and see the current situation and understand 
the root cause of the problem. In the Lean construction context, walking means “go 
see, ask why, show respect” [60]. Gemba walks help making the problems visible 
and create improvement ideas with the proper consideration of the root cause. 

Figure 5. 
VSM processes.

Figure 6. 
5 whys analysis procedure.
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It also allows collecting data regarding the root cause leading to problems. In the 
construction industry, it is clear that Gemba walks constitute an important part 
since the majority of the processes in construction need improvements and require 
the proper identification of the root cause for problems.

3.9 Daily huddle meetings

Daily huddle meetings take place, where team members are ready to share what 
they achieved and what they challenge. A huddle meeting can also be organized as 
a weekly work plan meeting highlighting the completion of assignments for the fol-
lowing week in addition to discussing the work to be done that day [61]. The huddle 
meetings enhance the job satisfaction of employees while strengthening two-way 
communication among the team [62]. Daily huddle meetings create an opportunity 
for employees to involve in discussions and indicate the positive and negative sides 
of their tasks. The employees also find room for solving problems together during 
those meetings. These meetings also help detect the causes of accidents, which are 
associated with poor communication and coordination [63]. Hence, daily huddle 
meetings must be organized, and employees are encouraged to speak up on the 
tasks listing good and bad sides.

4. Conclusions

This chapter presented the historical evolution of Lean management and 
how Lean is adopted in the construction industry. The study presented the core 
principles of Lean along with the most widely adopted practices. According to 
the information presented in this chapter, one may advocate that the construction 
industry still struggling with the adaption of various Lean manufacturing practices 
into construction. Therefore, it is apparent that more research has to be conducted 
to provide a guideline for the industry practitioners in terms of benefitting from 
Lean practices at maximum. On the other hand, the methods, tools, and techniques 
presented in this chapter are expected to lead industry practitioners in terms of 
scrutinizing Lean concepts and evaluate those in the context of project conditions. 
As future work, the efficiency of Lean methods both applied in manufacturing and 
construction might be compared based on different operating processes.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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