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Preface

Time is the most important element in any production system. As such, optimizing 
time is integral in industry and can be accomplished via the implementation of 
lean manufacturing. Enterprises that employ strategies and practices to increase 
total production efficiency, reduce production costs, and minimize waste are 
considered to be “lean.” This book addresses important topics in the context of lean 
manufacturing that are crucial for the successful functionality of the production 
system.

This book is divided into two sections. The first section, “Lean Manufacturing 
Concepts in Enterprises,” includes chapters focused on enterprise production with 
an emphasis on lean manufacturing. Chapter 1, “Application of Lean in a Small and 
Medium Enterprise”, analyzes the direct effect of lean manufacturing practices 
on operational performance in the manufacturing industry. Chapter 2, “Lean and 
Kaizen: The Past and the Future of the Methodologies”, discusses the adoption of 
lean manufacturing through effective lean practices depending on interpretations 
of past experiences and present information. Chapter 3 “Introduction to Lean 
Waste and Lean Tools”, introduces the challenge of capturing, organizing, and 
disseminating throughout the aggregate business unit is a huge responsibility 
of upper management. Generally, in industry, some tangible and intangible factors 
exist in the form of non-value-adding activities that hinder the implementation 
of lean manufacturing processes. These are known as lean manufacturing barriers 
(LMBs). Chapter 4 “Effect of Lean Practices on Organizational Performance”, 
focuses on new lean manufacturing approaches which, combined with management 
tools lead to more flexible and agile production and distribution processes in the 
textile industry. Because the life cycle in the textile and apparel industry is short, 
a new integrated approach to production and distribution planning is needed. 
In Chapter 5, “Enhancement of Textile Supply Chain Performance through Optimal 
Capacity Planning”, the authors present linear programming techniques and 
integrating subcontracting activities as a good example for solving this problem. 
Poor productivity and efficiency in production are major problems for most 
industries relying on a heavy workforce. To prevent inefficient work practices, the 
construction industry has shifted its focus from the traditional approach to a more 
innovative one called lean construction. Chapter 6, “From Lean Manufacturing 
to Lean Construction: How Principles, Tools, and Techniques Evolved”, discusses 
how lean construction aims to maximize value while minimizing waste. There are 
other advantages too; it creates safer, smoother, and more efficient processes to 
eliminate waste. The stability of the environment is a major problem in a turbulent 
environment. This leads to relatively long projects that are not compatible with a 
highly variable economic environment. The objective of the evolution management 
presented in Chapter 7, “Model-Based Enterprise Continuous Improvement”, 
is to use enterprise modelling and all the benefits it brings in a framework that 
allows for more continuous improvement than is generally observed. It is obvious 
that effective utilization of resources is necessary, particularly when it comes to 
the manufacturing industry. Single Minute Exchange of Dies (SMED) is one of the 
classical methods used to reduce setup time. Chapter 8, “Single Minute Exchange 
of Dies: Classical Tool of Lean Manufacturing”, discusses SMED applications in 

XII
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the gear industry. Chapter 9, “Lean Manufacturing as a Strategy for Continuous 
Improvement in Organizations”, examines the changes faced in the Fourth 
Industrial Revolution that have generated challenges that will only encounter 
solutions through innovative efforts and industrial improvements as well as a 
radical change in our way of interacting. In the current revolution, there are digital 
changes that cause ruptures in social, economic, and political aspects, and the 
administrative process is part of this. Chapter 10, “Development of Integrated 
Lean Six Sigma-Baldrige Framework for Manufacturing Waste Minimization: 
A Case of NAS Foods Plc”, examines how lean manufacturing increases quality 
and productivity in companies by reducing waste and therefore production costs; 
adapting favorably to the different innovation systems that are required today. 
Lean manufacturing has gained popularity in the past decade within the quality 
management domain. Chapter 11, “Analysis, an Anathema: Is That a Fervent 
Diatribe of Lean?”, examines the fundamentals of sustainable lean manufacturing 
through Quality 4.0 with an understanding that manufacturers need it to build 
and sustain competitive advantage. Chapter x presents and discusses lean 
applications in the real world.

The second section, “Lean Manufacturing Practices and Environment,” includes 
chapters connected with the environment and food production. Small and medium 
enterprises (SMEs) are facing the burden of non-equilibrium of the supply-demand 
chain along with global climate change. Several SMEs are looking for a substitute 
that can create a balance between performance and the environment. Despite 
numerous studies related to green and lean manufacturing, none clearly define 
the spheres of green and lean. In Chapter 12, “Lean Manufacturing towards Green 
Manufacturing Practices and Its Implementation in SME’s”, the authors explore 
the advancement of lean and green manufacturing and its impact on other sectors. 
The chapter also highlights the methodology adopted in implementing the same. 
Given growing ecological consciousness, environmental achievements of lean 
manufacturing also incorporate a strong economic relevance. Chapter 13, “Lean 
Manufacturing Practices and Environmental Performance”, investigates the impact 
of lean manufacturing practices on environmental performance and the existing 
coherences between lean and ecologically oriented variables such as resource usage, 
energy consumption, and air pollution. The food sector has been criticized for its 
lack of sustainability and circularity due to the high levels of food and packaging 
waste as well as increasing costs. Although food supply chain entities have started 
to implement a circular economy and lean practices, the current efforts do not seem 
to be sufficient to achieve a circular and lean food system. Chapter 14, “Circular 
and Lean Food Supply Chains”, discusses the possibility of creating circular and 
lean food supply chains.

Karmen Pažek
Chair of Agricultural Economics and Rural Development,

Faculty of Agriculture and Life Sciences,
University of Maribor,

Maribor, Slovenia
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Chapter 1

Application of Lean in a Small and 
Medium Enterprise
Venkataramanaiah Saddikuti, Saketh Saddikuti Venkat  
and Ganesh Babu Shanmugam

Abstract

Application of lean principles in manufacturing as well as services has been 
revolutionizing the operations for more than five decades. Many large as well as 
small enterprises have implemented lean and reported benefits in both direct and 
indirect activities of business. Due to advent of digital technologies and better 
understanding of process improvement approaches made lean much more effective 
across many sectors. In this chapter, we highlight various elements of lean and its 
application to a small enterprise in food processing sector in India. We draw some 
useful insights based on the implementation of lean and challenges faced by SMEs.

Keywords: lean, Toyota Production System, customer value, value chain,  
food processing, SMEs, Total Quality Management

1. Introduction

“One of the most noteworthy accomplishments in keeping the price of Ford products 
low is the gradual shortening of the production cycle. The longer an article is in the 
process of manufacture and the more it is moved about, the greater is its ultimate 
cost” [1].

Henry Ford 1926

Lean was identified at Toyota Production System (TPS) to eliminate or reduce 
waste or non-value added activities in the manufacturing system. It is also believed 
that application of Lean was implemented by Henry Ford at Ford Motors in 
1920s. Lean is defined as by the National Institute of Standards and Technology 
Manufacturing (NISTM) Extension Partnership’s Lean Network [1]: “A systematic 
approach to identifying and eliminating waste through continuous improvement, 
flowing the product at the pull of the customer in pursuit of perfection.” It is a sys-
tematic approach for reducing different types of wastes which are constituting around 
95% of the total waste. Important elements of TPS is given in Figure 1. TPS/Lean 
system was built on two major aspects (i) Elimination of Waste and (ii) Respect for 
people. TPS has three pillars (JIT, Continuous improvement and Jidoka) with funda-
mental blocks of standardized and stable process and level production. Some of the 
wastes in manufacturing environment are given in Figure 2. Table 1 gives the brief 
description of eight wastes in TPS [2, 3].

The main objective of this chapter is to highlight various elements TPS and 
wastes in a typical manufacturing organisation and demonstration of application of 
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Figure 2. 
Different types of wastes in manufacturing.

Figure 1. 
Elements of Toyota Production System.
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lean at a small food processing enterprise. This chapter is organised in five sec-
tions. Section two highlights the methodology adopted in the chapter, section three 
describes building blocks and benefits of lean, section four application of lean at a 
small food processing organisation and finally conclusions in section five.

2. Methodology

In this study, we have adopted a generic method for literature search and indus-
try practices in the area of lean manufacturing. Literature search has been carried 
out using key words like Lean, SMEs, Food processing, Toyota Production System, 
customer value, TQM from the databases like ABI, EBSCO, Google Scholar, etc. 
The search does not include other databases. Apart from these we have also used 
the case of an SME in food processing sector. The author’s own research and 
consulting experience in the area of lean and transformation of SMEs in manufac-
turing and services.

3. Building blocks and benefits of lean

Lean/TPS uses various tools or building blocks which are proven and easy to 
implement in practice for minimizing or elimination of waste. Major building 
blocks of Lean include the following:

• Pull System

• Kanban

Sl No Waste Type Brief description and Examples

1 Overproduction Producing more than required. It includes safety stocks, work-in-
process, Finished goods etc

2 Waiting Waiting for authorization, information, tools and equipment or 
operator. Example, waiting for machine, operator or handling 
equipment before or after completion of an operation at particular 
stage of the process.

3 Transportation Distance travelled by various resources including parts, operators, 
handling equipment from point of availability to point of use. 
Example, an item travelling from storage to assembly or from vendor to 
manufacturer.

4 Over Processing Processing more than required. Example, finishing more than 
specifications

5 Inventory Any resource kept in reserve for future use due to uncertainties. This 
would include raw materials, WIP or finished goods.

6 Defects/Errors Not meeting the customer specifications. Under size or over size 
dimensions of an item.

7 Excess Motion Unnecessary motion or movement of products/resources due to poor 
layout or lack of coordination.

8 Underutilized 
People

Underutilization of highly skilled manpower. Example, high skilled 
person doing low skill job.

Table 1. 
Different types of wastes in manufacturing.
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• Work Cells

• Total Quality Management

• Total Productive Maintenance

• Point-Of-Use-Storage

• Quick Changeover/SMED

• Batch Size Reduction

• 5S

• Visual Controls

• Concurrent Engineering

These are not only used in manufacturing organizations but also apply equally to 
service organisations. Summary of these are given in Table 2.

Many organisations around the world from manufacturing and service 
organisations have reported both operational and administrative benefits of 
successful implementation of Lean principles. According to NISM survey of firms 
implemented lean have reported operational and administrative benefits and are 
given below.

Operational benefits:

• 90% reduction in Lead Time (Cycle Time)

• 80% reduction in Work-In-Process Inventory

• 80% improvement in quality

• 75% improvement in space utilization

• 50% increase in productivity

Administrative Improvements includes the following:

• Reduction in order processing errors

• Streamlining of customer service functions

• Reduction of paperwork

• Reduction in staff required

• Improvement due to outsourcing of non-critical functions

• Reduction employee attrition

• Improved job standards
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4. Application of lean at a small food processing organisation

This section highlights the implementation of Lean at a small food processing 
organisation in Southern part of India. The organisation was established in the year 
2002 and gained a significant market share. The founder of the organisation is a 
first generation entrepreneur with high levels of enthusiasm and energy along with 
dedicated team of around 50 members including 10 members representing planning 
and execution [4].

4.1 The context

The organisation is a leading manufacturer and exporter of high-quality aquarium 
and pet food.

Sl No Name Brief Description

1 Pull System Manufacturing based on customer demand/order, Make-to-order (MTO), 
in terms of exact requirement and time. This is against Push system. 
Capacity driven or Make-to-Stock (MTO).

2 Kanban Producing based on accurate and timely information given in the form of 
a card where material is moved based on the timely information between 
stages. It can use single card Kanban or dual card Kanban system. Size 
and number of Kanbans are decided based on the volume of demand and 
production economics.

3 Work Cells Lean or TPS focus on improved flow of material, manpower and other 
resources. The resources are organised around the requirements of the job 
done. Generally U-shaped layouts are more productive. It also helps better 
coordination and communication

4 Total Quality 
Management

Lean is built based on TQM fundamentals where every aspect of the 
organisation is very important. It recognizes the strength of the human 
resource and team work.

5 Total Productive 
Maintenance

It is based on proactive or preventive maintenance approach using 
knowledge and cooperation of people, vendors and other resources. It tries 
to identify and eliminate the breakdowns and improve the reliability of the 
system for improved throughput.

6 Point-Of-Use-
Storage

This aspect of lean focus on keeping the required resources near the place 
of use. For example, the tools and equipment required at work center kept 
at the work center itself. Dedication of resources.

7 Quick Changeover/
SMED

It focuses on reduction of long changeovers which will be costly in terms of 
time and cost. It allows more frequent changes and smaller lot sizes.

8 Batch Size 
Reduction

Traditionally, manufacturing organisations used to manufacture to reduce 
the cost of set-up. In pull system, small batch size is more appropriate 
which will result in low WIP, low quality cost etc. Small batch size 
increased inventory turnover and better visibility, improved cash flow.

9 5S 5S is a systematic way of organizing the workplace.

10 Visual Controls TPS heavily uses visual controls in almost every aspect of the business 
since it enhances the productivity, visibility and easy to understand at the 
executional level.

11 Concurrent 
Engineering

This approach helps in reducing the lead time drastically and utilizes  
cross-functional teams. This aspect particular helpful in reducing the  
time-to-market of new products/services. Some of the empirical results 
shows that around 50% decrease in the time-to-market.

Table 2. 
Building blocks of Lean/TPS.
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The organization was unable to increase the sales turnover and also struggling to 
maintain healthy profit margin despite that the organization catered to both Indian 
and export market. The founder of the organisation sought the help of one of the 
authors of this chapter for improving the market share and revenue. A five-member 
team consisting of internal members and external Lean transformation expert 
identified the following challenges.

• Sales Turnover is stagnant for the last three years

• Declining profitability

• Manufacturing cost is on an increasing trend

• No clarity on the losses in both manufacturing and sales function

• No management reviews and lack of data transparency among the 
team members

• No proper coordination among Team on deliverables

• Founder get involved in all day to day decision making

4.2 Solution methodology adopted

Internal team along with external Lean transformation expert identified various 
areas for improvement using brainstorming sessions and listed the following areas 
for improvement.

• Training of the core team on Quality Management and Lean project

• Awareness workshop for the senior executives

• Development of overall system with suitable metrics and fixing of responsibili-
ties for each functional area of the business.

• Identified the waste in plant utilization,

• Efficiency, and quality issues

• Implemented Quick changeover techniques to reduce changeover losses 
between food products

• Identified the constraints that affecting the equipment efficiency

• Set the key performance metrics (KPI’s) for customer deliveries, cost, and 
quality and reviewed every month along with Business Head

• Implemented sales and operational key performance reporting on a daily, 
weekly basis to avoid communication problems

• Analysed and implemented right inventory norms for raw material and 
finished goods to improve stock availability and reduce inventory
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• Identified and implemented cost-saving projects in plant and administrative  
areas

• Identified the staffing levels and gaps and recruited suitable skilled personnel 
in the areas of shortage

• Improved the communication process among operations, sales, and finance 
team to take decisions on time

• Identified the utilization of floorspace in the plant and movement of the 
products inside and outside the organisation

4.3 Application of lean tools & process

The team has adopted and designed transformation process using well proven 
lean management tools and processes including the following:

• Performance Measurement and Management at business and operation level

• Application of Lean tools and techniques

• Designed suitable inventory management systems for raw material and 
finished goods

• System for Performance reporting on daily, weekly and monthly basis

• System for communication at all levels of the organisation

• Metrics for supply chain management at internal and external to the 
organisation.

4.4 Business result achieved

• 40% reduction in changeover times

• 40% reduction in inventory value without affecting deliveries

• 33% Reduction in number of shifts (from 3 shifts to 2 shifts)

• 30% Improvement in plant capacity utilization;

• 30% increase in production tonnage with reduced working hours

• 15% increase in sales turnover and increase in delivery performance by 
around 10%

• 15% (appr) increase in operating profit (from negative to positive)

• 5% reduction in overall manufacturing cost

4.5 Recommendation for sustainability and future growth

Based on the detailed study and implementation, the team has suggested the 
following for future growth.
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• Training and development of workforce in all functional areas with right 
caliber of professionals

• Monitoring and evaluation system for financial performance and cash flows

• Expanding into new markets

• Structured review mechanism on business and functional performance on 
regular basis

• Accountability improvement through organizational structure/role clarity and 
management practices

• Streamlining New Product development process w.r.t new markets and 
sales plan

5. Insights and conclusions

Implementation of Lean has benefited both small and large business organisa-
tions in manufacturing and services. Lean systems/practices are built on the strong 
empirical evidence of both operational and administrative benefits. Lean focuses on 
elimination of waste by utilizing the dynamics of team work and strength of people 
and processes. Implementation of lean has proved in improving quality of products 
and services across all industries and organizational boundaries and revolutionizing 
the operations [5]. There are many other studies like [6–10] focused on various 
aspects of lean implementation. However, the implementation of lean requires 
certain level of certainty/stability in the system, discipline and culture at inter and 
intra organizational level. Further, studies can focus on the impact of socio, eco-
nomic and technological determinants of lean in different sectors of business.

© 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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Chapter 2

Lean and Kaizen: The Past and the 
Future of the Methodologies
Vasileios Ismyrlis

Abstract

Lean and Kaizen improvement methodologies have been in the entrepreneurship 
spotlight for a long time. They can be adopted by any kind of enterprise, and they 
succeed in producing better long-term results, improving their performance, but 
most important, influencing the philosophy of the organizations implemented. In 
this research, many case studies and success stories of companies implementing 
Kaizen or/and Lean methodologies, or even the new Lean Kaizen methodology, 
will be introduced. We attempt to evaluate the performance of Lean and Kaizen 
implemented companies and distinguish the elements that made the difference. 
Maybe, it is some specific tool, or an aspect in the culture that was enhanced, since 
the implementation of these business process improvement methodologies. Finally, 
thoughts and estimations will be presented, regarding the future of these method-
ologies, in the unstable and rapidly changing economic environment.

Keywords: Lean, Kaizen, Lean Kaizen, performance, process improvement

1. Introduction

This chapter presents the methodologies of Lean and Kaizen, their contribu-
tion in the enterprises’ field and their future potential contribution to the field of 
management.

1.1 Lean (production, manufacturing or management)

First of all, lean manufacturing, will be referred, as it seems to be a methodology, 
that was keenly embraced and wields a great acceptance in the management (theo-
retical and practical) world. It started with the efforts of Toyota automobile company, 
while some believe that Ford motor company, was also a great influence in creating its 
concept.

Its main scope and its achievement is the elimination of waste and this can lead 
in an increase in productivity.

There are many proven cases of continuous improvement with the implementa-
tion of lean thinking methods and tools. However, it is not a concept that impose 
specific rules or tools to be implemented, but rather it is a philosophy that encourages 
efforts in order to achieve its main goal, which is to eliminate waste.

1.2 Kaizen

Kaizen is more of a philosophy than specific technique or methodology, yet 
it has also affected and changed seriously the minds of the managers. It utilizes 
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many analytical techniques to succeed in its mission, as value-stream mapping and 
the5 why’s.

It has been introduced that these two methodologies have provided valuable 
assets in the field of management. It is notable that in the last years, Lean is also 
referred as Lean Management, representing the value that the methodology has 
produced in the management field. Moreover, and even though these two above 
methodologies, were introduced in the manufacturing field, they have managed to 
expand in all business industries and it seems that have achieved much in improv-
ing organizational performance. They are highly appreciated in the theoretical and 
practical field of management. They are considered (many times along with Six 
Sigma), as business process improvement methodologies, since they aim at improv-
ing all the processes in an organization. They perform activities in order to gather 
data, to track and evaluate all the functioning processes, and of course, they apply a 
continuous improvement effort.

However, in the last years, many other aspects have emerged in the economic 
status, like the constant economic uncertainty, which seems to be critical and 
threatens even the existence of many companies. Hence, the answer to be answered 
is if and with which manner could these methodologies keep up their efforts and 
produce sustainable solutions for the enterprises.

To answer these questions many writings from experts in the field were looked 
into the literature and their views were registered. In the conclusion, the future 
aspects of these methodologies will also be presented.

2. Introduction to Kaizen and Lean

2.1 Lean

Lean is called by many names as lean manufacturing, lean production, or lean 
thinking. New terms are the lean management and lean industry.

The main focus of the Lean methodology, is to eliminate waste in order to obtain 
more resources dedicated in finding ways to satisfy the customers. It intends to 
intervene to the value stream of the organization, in order to improve or eliminate 
every unneeded process that waste resources. It is also said that lean production was 
founded on the idea of Kaizen.

It has a great history and it is always linked to automotive industry. Many ideas 
that form the lean philosophy, were created by car companies like Ford and Toyota. 
Sometimes lean thinking is referred as a synonymous to Toyota or Toyota produc-
tion system.

Author [1] has presented the Toyota Production System, which has been defined 
as a method which focuses on defining and eliminating non-value added activities 
or waste in all systems and processes [2]. One of its approaches was the Just-in-time 
(JIT) methodology, which acquired the necessary resources when they were exactly 
needed and helped in solving many material flow problems.

Authors [3], in their book ‘Lean thinking: Banish waste and create wealth in your 
corporation’, that introduced lean to a broader audience, have managed to extend 
the concept in a general perspective. The same authors, define lean as: “a way to 
specify value, line up value creating actions in the best sequence, conduct these 
activities without interruption whenever someone requests them, and perform 
them more and more effectively”.

Lean is a multi-faceted concept which was identified and coined to explain the 
success of the “Japanese Way of Working” that enhanced their increased competi-
tiveness at the time [4].
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Components of the “Lean Idea” include:

• operations concepts, such as zero inventories [5], Just-in-Time (JIT) [6] and 
small lot sizes [7];

• the underpinning of robust quality procedures exemplified by Total 
Quality Management (TQM) and Total Productive Maintenance 
(TPM); and,

• a method of working that encourages empowered employee participation 
which challenges the over-bureaucratic top-down, function orientated 
organizational structures that had traditionally dominated many “Western” 
organizations [8].

This view of Lean was endorsed [9], categorizing the components of Lean into 
four “bundles”:

• JIT bundle

• TQM bundle

• TPM bundle and

• Human Resource Management (HRM) bundle.

To be successful in implementing all these Lean facets in a coordinated, coherent 
manner, strong leadership and a clear alignment with organizational strategy over 
many years is required.

The 4P’s model of lean are:
In the book of [10], the 14 principles for continuous improvement are catego-

rized in four pillars (P’s):

• Philosophy

• Process

• People

• Problem solving.

The above framework is created and implemented in Toyota company.

2.1.1 Customer value

Lean emphasizes in the provision of value to the customer and there are three 
types of value:

• Values added: contribute directly to the needs of customer.

• Non-value add: no contribution to the needs of customer.

• Non-value add: (but necessary or essential non-value add)
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2.1.2 The eight wastes

According to lean philosophy, the non-needed (not-adding value) activities are 
considered a waste. These are the following:

• Defects

• Overproduction

• Transport (moving of products)

• Waiting

• Excessive Inventory

• Motion (moving of people)

• Processing (unwanted process steps)

• Skills (lacking)

The main wastes were seven. Skills is an new addition.
Lean is much depended on the tools and methodologies that it utilizes. Some 

lean strategies that seem more successive for the concept and can be implemented in 
many different ways (e.g. merged), are [11]:

• 5S

• Automation

• Continuous flow

• Continuous improvement

• Kan-Ban

• Kaizen

• Six Sigma

• Total Quality Management (TQM)

• Value stream mapping (VSM)

• Work standardization

• Zero defects concepts

• Lean thinking

• Work in progress

• Flexible manufacturing system
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2.1.3 Benefits from lean adoption

The benefits from the implementation of lean can include many aspects, like 
the minimization or even elimination of waste, less work load, qualified and skilled 
workers, zero delays, saving time, reduction of costs, etc. [12].

Lean manufacturing changed the way that industry worked in the era of mass 
production and it presents many differences from the traditional manufacturing 
way. The major differences include [11]:

Higher flexibility, higher customer satisfaction, higher empowerment, shorter 
lead time, the inspection is performed in a 100% level and by workers, the invento-
ries are produced per demand, the batch size is small and continuous, pull schedul-
ing is implemented.

However, lean has not only domained the manufacturing field; it has also man-
aged to enter in many more sectors, like service, trade etc. It has been also accepted 
as a new management system and a new term ‘lean management’, was created [13]. 
Hence, lean seems that can play a vital role in the management theory and practice, 
in order to produce a sustainable future for the enterprises.

2.1.4 Barriers and disadvantages from lean

Lean implementation or the attempts to implement it, presents some drawbacks 
like the below:

• Every new concept and change in the workplace it is not easy to be accepted by 
the human workforce.

• Lean is not considered easy to be implemented in practice [14].

• The main scope of lean is to maintain industry stable without any disorders, 
but this is difficult to be applicable.

• The barriers created from the new concept, prevent the workers to perform 
their duties normally. However, lean thinking can contribute in overcoming 
those barriers, by creating a cooperative environment [14].

• Not every industry seems ready to accept the drastic changes of lean in 
production and quality [15].

2.2 Kaizen

Kaizen is a Japan-oriented strategy (also referred as culture, philosophy, 
approach, or methodology), which literally means continuous improvement (CI). It 
manages to involve all the workforce of an organization in its activities (e.g. Kaizen 
events, suggestion system) and it also highlights the importance of the workplace as 
the center of all actions, activities and processes. One of its main advantages is that 
it does not induce financial burdens to the organizations.

Its main philosophy is to produce small changes, which when taken together they 
can have a large impact. It utilizes the continuous improvement approach in every 
aspect of the organization.

It aims to involve workers from multiple functions and levels in the organization 
in working together to address a problem or improve a process. It requires skilled 
and well trained workers to achieve its scope.
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It was first captured and implemented in big manufacturing sites, like the 
Toyota motor company. However, its philosophy was suggested that it can be imple-
mented in every human life activity [16, 17]. Anywise, its main idea is that everyone 
and everything can change to the better, doing small steps.

It promotes process-oriented thinking [18] and continuous improvement of 
the standard way of work [19]. It is an endless effort for improvement, involving 
everyone in the organization [20]. The actions of mobilizing staff and encourage 
them to participate, could make them also responsible and able to contribute to the 
company’s development [21].

Sometimes it is identified as a management approach (like TQM, Lean 
manufacturing, or company wide quality control), while other scholars consid-
ered it as a group of techniques and tools for cutting waste and finally others, 
appraised highly its success to intensify staff participation through its suggestion 
schemes [22].

The scholar that managed to introduce it in a formal aspect, was Imai, with 
his two books [16, 23], although the method still lacks a detailed explanation that 
would clarify better its theoretical context [22, 23]. Kaizen forms an umbrella that 
covers many techniques including Kanban, Total productive maintenance (TPM), 
Six Sigma, Just-in-time (JIT), suggestion system etc. [16]. According to [16], Kaizen 
is a continuous improvement process involving everyone. Broadly defined, Kaizen 
is a strategy to include concepts, systems, and tools within the bigger picture of 
leadership involving and people culture, all driven by customer [23]. Its success in 
uncovering a problem, making it visible, looking for its root causes and then elimi-
nating them, was of extreme importance in the development of the manufacturing 
sector in countries such as Japan and Korea [24].

2.2.1 Kaizen actions

One of the actions that Kaizen implements is the Kaizen event, which is a 
five-day (or six) team workshop defining specific goals for an area that requires 
improvement. A team leader will lead this event and will include training, data 
collection, brainstorming, and implementation. At the end of the event, the team 
leader will create a follow-up plan and a report to be submitted to management.

A typical Kaizen event may include the following

• Define goals and provide the necessary information

• Evaluate the current status and create a plan for improvements

• Implement planned improvements

• Review and fix what does not function

• Report results and determine any follow-up items.

The above cycle is also referred as PDCA (Plan, Do, Check and Act). This cycle 
is a vital part of the Kaizen philosophy.

2.2.2 The Key Players of the Kaizen Team

Kaizen requires the support of an appropriate team with the right Team Roles. 
There are the following team roles.
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• Champion: The champion is the person driving the train. It is normally a senior 
manager or executive who can defy barriers and inspires.

• Facilitator: Part coach, part trainer, and part leader, this person is typically 
well-versed in Lean and brings substantial experience to the table. At any given 
time, a facilitator may be overseeing several kaizen events in different stages.

• Team Leader: The team leader is in charge of the event and does most of the 
planning and preparation under the supervision of the facilitator. The team 
leader is often the manager, supervisor, or engineer in charge of the process 
being improved.

• Team Members: Team members are picked from the work area, from the 
stakeholders, or from the company at large. The best teams combine a variety 
of experience and skills. Teams typically range from 5–10 people depending on 
the size of the project.

• Stakeholders: Kaizen events influence a lot of people. Those people are known 
as stakeholders and should be included in decisions about the project.

• Support Team: Kaizen events often require support that goes beyond what 
team members can perform. This often falls on the facilities team and on IT.

2.2.3 Kaizen umbrella (tools and techniques)

Kaizen philosophy needs assistance to achieve its scope and therefore it includes 
many weapons (they called the Kaizen umbrella), such as the following:

• Total quality control

• QC circles

• Suggestion system

• Automation

• Kanban

• Just-in-time

• Zero defects

• New product development

• Quality improvement

• Total productive maintenance

• Small-group activities

Of course many of the above Kaizen activities, could also be part of the lean 
methodology, which sometimes includes a Kaizen project.
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2.3 Lean-Kaizen

Lean-Kaizen is a new suggested approach of quality improvement in the lit-
erature that combines the two methodologies, which as already has been refereed, 
many times are implemented together and it is not such a surprise to see them 
combined together. However, it is also introduced as a new approach and will be 
presented as such, in this chapter.

The Lean-Kaizen technique, as a novel one, is composed of two basic words i.e. 
Lean and Kaizen which implies continuous elimination of waste through small-
small improvements [25]. It is adopted for waste identification and elimination; it 
helps industry to be lean [26, 27]. It is a systematic way that focuses on continuous 
improvement of the process, productivity, and quality of the product by suggesting 
effective and efficient Kaizen events [10]. Leanness can also be defined in terms of 
efficiency and effectiveness of the manufacturing system [28].

The adoption of the Lean-Kaizen approach improves the organization output 
by solving problems through identifying and implementing small improvements in 
process, product, and system [29, 30]. So, the Lean-Kaizen approach is required to 
be implemented in order to produce quality products by eliminating waste Muda) in 
the entire system of the organization [31].

Quality is understood as a measure of excellence or a synonym of zero defects, 
zero deficiencies or absence of variations in the product by many industries. In 
order to achieve the desired product quality, the quality system performance is 
continuously monitored and evaluated for the sake of constant improvements of 
customer satisfaction, morale and reliability [32].

3. The contribution of the methodologies

3.1 Lean

3.1.1 In which industries

Lean and its strategies can eliminate all types of industrial waste [33]. Lean 
manufacturing has as a goal to eliminate waste and it succeeds in it without hav-
ing to define additional requirements of resources [34, 35]. However, it seems that 
except the manufacturing sector, which gave birth to the concept of lean, many 
more industries have been profited from its power.

3.1.2 In which fields

Lean manufacturing contributed in improving manufacturing operations, 
protecting the industrial jobs and lift customer satisfaction [36].

The appropriate implementation of lean, improves the quality and the produc-
tivity and reduces the amount of inventory and work processes [37].

Except the improvement in productivity, lean manages to level up customer and 
employers satisfaction [36, 38].

The study of [39], presented the implementation of lean in various types of 
industries and it managed to achieve various types of waste reduction, manufactur-
ing system design parameters and business value achievements.

In their study [40] concluded that despite the resistance to change in public 
organizations, the implementation of lean succeeded in the optimization of 
resources and the simplification of processes.
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In a study in health care services, [41], noticed that waste was eliminated and 
quality was maximized, benefiting the customers.

Public sector seemed to be a nice field to implement the thinking of lean, as 
there is many waste and the needs for better quality are more than before.

Therefore, continuous improvement approaches have been formally applied 
in the public sector all over the world, in an attempt to improve service quality 
and streamline processes, often in response to cuts in public expenditure budgets 
imposed by governments.

New Public Management (NPM), a new theory, emerged as the support-
ing doctrine to this policy, that advocated the imposition in the public sector of 
management techniques and practices drawn mainly from the private sector, as 
according to NPM greater market orientation would lead to better cost-efficiency, 
with public servants becoming responsive to customers, rather than clients and 
constituents, with the mechanisms for achieving policy objectives being mar-
ket driven.

A new effort that contributes in examining lean in the public sector is the “Lean 
in public sector” project (http://leaninpublicsector.org/). Launched in 2007, the 
aim of LIPS was to extend lean project management to public sector construction 
projects. Its scope is to include the application of lean thinking to government 
operations generally so that new facilities support, new and more effective ways of 
delivering government services.

Some of the successes of this project, include:

• Introducing the lean management philosophy and methods to Australia’s 
project alliancing.

• Following the pioneering work of the Finland’s Transportation Agency, a 
range of Finnish government organizations has successfully applied lean and 
Integrated Project Delivery (IPD) principles to over 35 projects since 2009 with 
more on the way.

• At the 2013 conference it was announced that the European Commission ruled 
against a challenge to the contract award of one of those Finnish projects, thus 
providing proof that integrated project delivery is legal under EU construction 
procurement regulations.

• In the US, the University of California, San Francisco (UCSF) has led in the 
development and testing of alternative contract structures and methods of 
aligning commercial interests, and this without multi-party contracts, which 
are not currently allowed for the university system.

• The California state university system and many community college systems 
are also successfully applying lean concepts and methods within the limits of 
current regulations.

3.2 Kaizen

Some examples of Kaizen implementation and success are presented in the 
Table 1.

It can be concluded that Kaizen has also been implemented in organizations of 
all business industries and provided valuable solutions.
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4. Conclusion

Having realized the potential of Kaizen and Lean, even big consulting organiza-
tions have dedicated many writing in presenting and exploring the methodologies. 
Consulting companies are organizations that provide professional services in other 
companies in the fields of marketing, financing, ICT, logistics, business plans etc. 
Some of the biggest consulting companies worldwide are: Deloitte, McKinsey, EY, 
Boston consulting company.

For example Deloitte has attempted to connect Lean with Industry 4.0* and has 
presented many other cases of lean implementation in several fields. Some links of 
relevant articles follow:

https://www2.deloitte.com/us/en/insights/focus/industry-4-0/digital-lean-
manufacturing.html

https://www2.deloitte.com/us/en/blog/human-capital-blog/2020/lean-
strategic-planning-design-thinking-agile-what-does-it-all-mean-in-becoming-
exponential-hr.html

https://www2.deloitte.com/content/dam/Deloitte/ca/Documents/life-sciences-
health-care/ca-en-life-sciences-health-care-lean-in-health-care.pdf.

https://www2.deloitte.com/us/en/insights/focus/industry-4-0/digital-lean-
manufacturing.html.

* Industry 4.0 is the concept of creating a digital enterprise by establishing 
digital technologies and integrates them with advanced production and operation 
techniques.

McKinsey, also a big consulting organization, has presented some analytical 
guides and presentation of the methodologies. Many of them are evident in finan-
cial institutions and the links of some follow:

https://www.mckinsey.com/business-functions/operations/our-insights/
the-work-of-leaders-in-a-lean-management-enterprise

Authors Industry Tools, actions Results

[42] Manufacturing foods 
product

5s Technique, team 
training

Decrease in quality rejections, reduction 
in change over times and increase in 
manufacturing activities.

[43] Industrian 
technology

Kaizen approach and 
lean thinking

Reduction in space used, material 
handling costs, lower scrap rates.

[44] Manufacturing 
industry

Six sigma, JIT Eliminate waste, increased sales.

[45] Manufacturing Kaizen event, 
inventory management 
Kaizen,

Reduced process time

[46] Public agricultural 
organization

Kaizen project, 5S, Process improvement, shorten work 
processes, decrease n financial expenses

[47] Semiconductor 
industry

Kaizen technique Cost reduction,

[48] Automobile 
assembly production 
line

Set-by-step kaizen 
procedure

Elimination of major functional 
problem, reduction in quality 
rejections, elimination of rework 
processes.

Table 1. 
Kaizen implementation examples and results.
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https://www.mckinsey.com/~/media/mckinsey/industries/consumer%20pack-
aged%20goods/our%20insights/the%20consumer%20sector%20in%202030%20
trends%20and%20questions%20to%20consider/2014_lean_management_enter-
prise_compendium.pdf

https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/finan-
cial%20services/latest%20thinking/reports/lean_management_new_frontiers_for_
financial_institutions.pdf

https://www.mckinsey.com/business-functions/operations/our-insights/
next-frontiers-for-lean

Digital lean
Digital lean is an example of the integration of digital technologies and lean 

principles It utilizes lean theory to decrease the waste in digital technology actions 
and processes.

Digital lean uses Industry 4.0 and other digital tools to create the appropriate 
information for all operations and processes. As data come in a high frequency way, 
it can be managed and directed in the appropriate resources.

Digital lean can be a valuable asset and some of its achievements are: reduced 
costs, improved quality and higher return on investment, compared with any other 
methodology that is implemented individually.

Lean Industry 4.0
A new concept deriving from the combination of lean and Industry 4.0 is 

presented.
The main scope of lean is to reduce waste in the value chain, focusing on client’s 

value and strengthening the role of the employees in all this process [3].
On the other hand, the basis of Industry 4.0 is the ability to quickly collect, 

process, analyze and exchange large data sets between machines. Thanks to modern 
technologies such as: Cyber-Physical Systems (CPS) or Internet of Things (IoT), it 
is possible to react faster and more flexibly to existing problems, but also to more 
efficient value creation processes, while reducing costs [49].

A suggested solution is the combination of the above concepts, in order to solve 
the problems that modern production faces. Despite, the significant differences, 
between the two concepts, they seem to have the same goal, to increase added 
value [50].

4.1 The present and future of the methodologies

Lean can provide solution in many fields and it is evident that even service 
companies embrace and appreciate it [51]. Lean reached functions that previously 
seemed quite difficult to transform. (management principles once known as lean 
manufacturing [52].

The new concept of lean management, which introduces the values of lean in 
the modern management, has been adopted by many organizations. It provides a 
roadmap that holds the organization (and the workflow) stable and able to solve all 
of the derived problems. The primary winner of these efforts is the customer and 
then consequently the organization.

Lean seems not to be a static methodology. It is still developing and could be a 
valuable solution for many enterprises [53]. Lean can be fitted in the rapid changing 
world, which seems to be even more intense after the COVID-19 crisis. The Toyota 
lean business system has managed to deliver: better quality, productivity, customer 
focus, innovation, employee engagement, profitability and even environmental 
sustainability [54]. Organizations should concentrate on involving all employees in 
the continuous improvement organizing appropriately the value stream and offer 
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the ideal products and services for the customers. Money and profit should not be 
their main incentives, as customers have improved demands and there is intense 
competition.

Questions that challenge current entrepreneurship could be, how well large, 
modern organizations work as almost as old as management [52]. Problems that 
could affect organizations are: slower growth, debt burdens, aging workforces, 
mismatches between worker skills and available jobs.

There are successful organizations that attain a state of continuous improve-
ment. Their performance is consistent in the short and long run. However, it is not 
always effective for every organization to imitate best practices.

Hence, lean management system [13] could be in the forefront of the manage-
ment field, in order to provide valuable solutions. Its main aspect, which is to 
improve material flows, could be a valuable asset.

Lean can contribute in the appropriate integration of the technology field in 
the organizations, as it can provide valuable information with the customers’ 
feedback [54].

The lean system could assist information management system to solve their 
information flow problems. If the information provided is the essential and appro-
priate, the information system could be benefited and improve its performance.

The information gathered with many ways and directed appropriately, could be 
an instrument to link this information with direct customer needs and inform the 
relevant departments in an organization.

From all the cases and the thoughts about Lean reported in this study, it is 
evident, that it is a philosophy that can be an asset in the management field and the 
question is if the organizations could make the right choices and be benefit from its 
positive aspects.

© 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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Chapter 3

Introduction to Lean Waste and 
Lean Tools
Shyam Sunder Sharma and Rahul Khatri

Abstract

In the turbulent and complex business environments, many Indian SMEs are 
facing stiff competition in the domestic as well as in the global market from their 
multinational counterpart. The concept of lean has gained prominence due to the 
fact that the resource based competitive advantages are no longer sufficient in this 
economy. Hence, lean is no longer merely an option but rather a core necessity for 
engineering industries situated in any part of the globe, if they have to compete 
successfully. Lean Manufacturing (LM) which provides new opportunities to create 
and retain greater value from the employee of the industry based on their core 
business competencies. The challenge of capturing, organizing, and disseminating 
throughout the aggregate business unit is a huge responsibility of the top manage-
ment. The success of any industry depends on how well it can manage its resources 
and translate in to action. The adoption of lean manufacturing through effective 
lean practices depends on interpretations of past experiences and present informa-
tion resides in the industry. Generally, in an industry, some tangible and intangible 
factors exist in the form of non-value adding activities which hinder the smooth 
lean implementation are known as lean manufacturing barriers (LMBs).

Keywords: Lean, waste, kaizen, manufacturing

1. Introduction

In the present worldwide situation, manufacturing industries are  primarily 
handling difficulties from two directions. First, cutting edge manufacturing 
ways of thinking are arising, while the current techniques are getting outdated. 
Second, consumers demand is changing in very short of time. The clients have 
become more demanding for inventive product in short timeframe and at less 
cost. Basically, to adapt up to such difficulties, the idea behind manufacturing 
industries’ these days is to capture the customer demand while limiting waste [1]. 
Subsequently, manufacturing firms working in such quick changing in customer 
demand in competitive market. In last thirty years, manufacturing industries are 
introducing lean thinking. The lean manufacturing word means to minimize the 
industrial waste or to eliminate the waste and improve the benefits of manufactur-
ing industries by smooth production flow [2]. Without lean practices any industry 
cannot be successful in the present-day situation due to globalize competition 
in market with low cost, high quality, and shorter delivery time. It is very dif-
ficult for engineering industries to shift from traditional system to lean system. a 
troublesome undertaking to move from a conventional assembling framework to 
a lean assembling one. This change makes attention both employee and method. 
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Lean manufacturing is a management strategy that tries to make industries more 
competitive, minimize the manufacturing cost by eliminating the industrial waste 
and increase the productivity of an organization [3].

1.1 Research background of lean

Afterward World War II Japanese industries were confronted with the difficulty 
of immense deficiencies of skilled manpower, money, and material. These difficul-
ties that industries of japan were challenged with compared from those of their 
Western partners. This introduces “lean” thinking in manufacturing industries. 
Toyota Motor Company runs by Toyoda identified that American manufacturers 
were manufacturing better than Japanese manufacturing industries; during the 
1940’s American industries were beating Japanese manufacturing industries. To 
take an action for progress timely Japanese pioneers like Shigeo Shingo, Toyoda 
Kiichiro, and Taiichi Ohno, they are receiving the challenge to improve the 
production system by eliminating the industrial waste, they have developed a 
new manufacturing strategy that is called “Toyota Production System,” or “Lean 
Manufacturing.” Taiichi Ohno, accept the responsibility to improve efficiency at 
Toyota is the primary force to develop Toyota production system. Ohno drew upon 
certain thoughts from the Western countries, and especially from Henry Ford’s book 
“Today and Tomorrow.” Ford’s stirring production lines for continuous material 
flow developed the basics for TPS. After research, the TPS was refined somewhere 
in 40’s and 70’s, is still emerging today all over the world. The crucial thought of this 
system is to maximize the resource utilization and minimize the inputs that cannot 
be enhanced any value to a product that is a waste.

To contend in the present furiously competitive market, United States manufac-
turing industries has understand that the mass production idea must be modified 
to the lean manufacturing. An assessment that was done by MIT of transformation 
from mass production toward lean manufacturing, as explained in the book “The 
Machine That Changed the World” [4] arise the US companies from their nap. The 
assessment highlighted the extraordinary achievement of Toyota and pulled out 
the enormous gap that developed between the Japanese and Western engineering 
firms. The thoughts came in the mind of US industrialists on the ground that the 
Japanese industries developed, manufactured, and delivered items within less man-
power, less investment, less floor utilization, less time, instruments, raw material, 
and overall investment cost [5].

1.2 What is lean?

The fresh transformation in engineering products and service division has made 
extraordinary difficulties for US firms. The consumer focused and exceptionally 
aggressive market has delivered old-fashioned of management that was not enough 
to overcome these complexities. These factors present a key test to industries to seek 
for new methods to survive in competitive global market. While a few industries 
keep on developing based on financial steadiness, different firms fight because of 
their absence of understanding of the change in consumer mentalities and cost 
practices. To avoid the present situation and to turn out to be more valuable, many 
industries implemented lean principles in their organization and perform well in 
global market [6].

Waste exclusion, cost drop, and employee encouragement are the basic ideas 
behind the lean manufacturing system, which has been implemented in Japanese 
companies for many years. The Japanese thinking of making business is completely 
distinct from the thinking that has been dominant in United States for a long time. 
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The typical western belief was that the just way to get turn a profit to apply it to the 
cost of production to reach the preferred sales price. The Japanese method, on the 
contrary assumes that the generator of the sale price is client. The more consistency 
you build into the manufactured goods higher the cost that consumers pay. The dis-
tinction among the price of the goods and this price is what decides the profit [7, 8]. 
To minimize cost, raise investment, get in more revenues, and remain competitive 
in a rising international market, the lean manufacturing discipline is to function in 
all parts of the value stream by reducing waste. The value stream is explained as the 
specialized activities needed to plan, order and supply a specific product or value 
within a supply chain [9, 10]. As of Womack describe it the term “lean” indicates a 
system that utilizes less with respect to output, to produce the equivalent outputs as 
those generated be a conventional mass manufacturing system, which adding more 
varieties to the final consumer [11]. This theory of business goes by various names. 
Agile production, just-in-time-production, synchronous production, world-class 
production, and continuous flow are all concepts that are used in contrast with lean 
production. The resounding theory of lean manufacturing, therefore, is to mini-
mize costs by continuous improvement, which would ultimately reduce the cost of 
services and goods, thereby increasing profits.

“Lean” focuses on the removal or reduction of waste (“muda”, the Japanese word 
for waste) [12, 13] and on optimizing or allowing maximum use of activities that add 
value from the perspective of the consumer. Quality is equal to something that the con-
sumer is willing to pay for in a product or service that follows, from the viewpoint of 
the customer. The reduction of waste is also the central concept of lean manufacturing.

1.2.1 The 8 wastes of lean

The aim of lean is to abolish the waste from the production process. It is very 
important to identify the eight waste before digging it. Waste is in the least action 
or activity that will not enhance any cost to the product, or we can say, waste is any 
unwanted process that will reduce the value of the product and customer do not want 
to pay for that. Taiichi Ohno identified the initial seven types of waste that was called 
Muda in japan [12]. Transportation, inventory, movement, waiting, overproduction, 
overprocessing and defects are seven types of waste identified by Taiichi Ohno. The 
acronym ‘TIMWOOD’ also applies to them. The eighth waste was invented by western 
industries in 1990s, and that was unused of workers talent or ‘Skill’ of workers was 
later added. Therefore,’ TIMWOODS’ [14] is generally referred to as the 8 wastes [15].

1. Transport: Unwanted movement of the product during manufacturing. It is 
caused due to unplanned layout and product are unnecessary move from one 
workstation to other. In addition, excessive movement causes fatigue, wear and 
tear of product and equipment’s [16–18].

2. Inventory: Over production or semi-finished product to convert into finished 
product. Sometime customer is not receiving the order or customer is can-
celed the order. So, this type of products is store and called waste. The advan-
tage of inventory is that some time vendor will offer discount on large amount 
of purchasing. For maintain large inventory manpower and store cost is also 
involved and there is chance of product damage. Over procurement, work 
in progress (WIP) or the production of excessive goods than the customer 
 demands may trigger surplus inventory. Certain inventory countermeasures 
take in procuring raw materials only when appropriate amount needed,  
reducing buffers between production stages, and establishing a queue system 
to avoid overproduction [15, 17, 18].
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3. Motion: Workers are moving from one workstation to the other workstation 
without necessity and the manufacturing lead time is increase. This type of 
unwanted motion is considered as waste. Any excessive movement of workers, 
vehicles, or machinery requires waste in motion. Running, raising, reaching, 
bending, stretching, and shifting are part of this. To improve the working con-
ditions for workers and improve health and safety standards, repetitive motion  
activities should be eliminated. Some motion countermeasures consist to make 
sure that the tools material is place near machinery in well organized manner [19].

4. Waiting: These are time delay and idle times during which value is not added 
to the product. If the machines, men, and material wait it is waste of these 
resources and it demoralizes the employees. The waste of waiting includes: 1) 
Operator is waiting for his turn and not receive material on time. 2) Machines 
are idle due to line unbalance [19, 20].

5. Overproduction: Excess of production over consumption. In market demand is 
less compare to the consumption, but industries are manufacture more to reduce 
the manufacturing cost. In this case inventory cost is increase and money is also 
block. So, it is considered as a waste. Overproduction means manufacturing 
additional goods via a ‘push production mechanism’. Three countermeasures to 
develop overproduction. Firstly, by use of ‘Takt Time’ confirms that the pro-
duction rate among workstations is continue. Secondly, reducing idle time like 
loading and unloading, setup times. Thirdly, reduce the WIP by using a pull or 
‘Kanban’ system [19, 21, 22].

6. Over-processing: Over-processing will increase machining time, material 
handling time and add more process steps. Due to over processing the cost 
of the product is increased that will pay by the customer. For reducing over 
processing on products, consider standard job specifications for manufactur-
ing. Prior to starting work, always think to the customer and produce product 
quantity as per the requirements of the customers and try to reduce the unnec-
essary operations and manufactured quantities where it is required [19, 22].

7. Defects: The product is not manufactured as per the specifications and toler-
ances given by the customer. Those products are rejected in quality inspection 
and consider as waste. Product/material will reject when the product/material 
is not suitable for use. Due to defective product/material it will loss of money 
and defective piece will not be reused [23–25].

8. Skills - The 8th Waste: This waste was not developed by Toyota, this 8th waste - 
the waste of human skills - is well known to many individuals. Also explain as no 
utilization of manpower skills, creativity, efforts consider in the 8th waste. This 
waste is developed when management not identify the skills of his workers in the 
organization. Employees is just following the boss order and do work as per the 
boss instructions. It is very difficult to optimize the process without taking help of 
frontline workers. This is because the worker who perform the job on shop floor is 
recognize the problems first and he has the solutions for that problem [14].

1.2.2 Identifying and eliminating the 8 wastes

Perceiving that they exist and giving a proficient system to characterizing them 
is the initial step to slashing waste. Value Stream Mapping (VSM) is a tool of Lean 
Management to assess the current state and to design a likely state. This outlines 
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the progression of information and substance as they emerge. VSM is an effective 
strategy to plan the process involved, outwardly show the connection manufactur-
ing process and to recognize nonvalue added and value-added activities. Utilize the 
VSM to characterize waste and proceed in view of the end client. Work in reverse 
to the beginning of the production process from the end client. Record cases of the 
eight waste in the process and construct a methodology to eliminate or limit them. 
Keep on provoking the staff to discover more waste and reliably build up their strat-
egies. Draw in with and bring out their thoughts for change from the forefront staff. 
They will grow more trust in their critical thinking abilities as the group keeps on 
limiting efficiencies and waste decrease turns out to be important for their regular 
everyday practice after some time.

1.3 The 9 principles of lean manufacturing

Assembly work is categorized by short development cycles and batch sizes contin-
uously decrease, Although the number of categories of goods and the models are still 
growing. Constant pressure to cut manufacturing lead times precedes to these needs 
and really makes the mix difficult, also for the highly imaginative producers. The 
capability to react quickly needs evolving buyer requirements usage of production 
systems that it is possible to re-configure and extend the fly that can fit, and advances 
in methods for assembly without having any initial output obsolete investment [26].

Lean production, An Approach That depends heavily on versatility and flex-
ibility. Organization of the office is an exceptional Starting point for businesses who 
want to take a new look at their present Methods for production. Lean approaches 
are also worthy of study, since big capital is removed by them dedicated equipment 
outlays until automation becomes completely, needed. The idea of lean manufac-
turing, indeed, represents a big departure from such a famous automated factory 
the past few years. The “less is better” Manufacturing policy leads to a widely 
condensed, strikingly uncluttered, environment which is carefully calibrated to the 
environment manufacturer’s specifications. Goods are generated in response, one at 
a time, to the specifications of the customer rather than of the batch produced for 
inventory. The target is to only generate the amount used and no more [27].

The number of parts is produced, it can change procedures, it is appropriate to 
handle various components and allow full utilization of workers, services, and floor 
area. The intrinsic versatility in manual assembly therefore, cells are superior to 
automated ones. This maximum requirement flexibility makes distinctive require-
ment on the lean work cell and the elements compose a lean work cell. Admittedly, 
the lean solution is not the only the solution to all production issues. But it does 
deliver a versatility that is special solution for more complex assembly commodities. 
This guide explains 9 essential descriptions Lean principles of development that 
should be assist you in evaluating lean manufacturing solutions for your own.

1. Continuous Flow:

The lean work cell’s chosen to form U-shaped workcell. In order of method, each 
subprocess is linked to the next. And an employee within the U, minimum move-
ment to move is needed the workpiece or one-piece assembly toward the next 
workstation. Ultimately, one of the targets of the slim workcell is to remove all 
movement with non-value-added; hence its U-shape. Where, when the procedure 
has been completed by the employee, he it just turns around and is back on the 
move. The workpiece may be carried from one piece to another. Operation with 
value  applied to the next one. There are times, however when the workpiece or the 
fixture which holds the workpiece is too heavy and between workstations must be 
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 manually moved [28]. While it is possible to transport very heavy components on 
belt conveyors, manual push conveyors of gravity or gravity are suitable for moving  
the components between workstations. Theirs’ The minimal complexity makes it 
easy for them to support and reduces time. Moreover, they are easy to attach to end-
to-end, making it quick to switch inside a workcell workstations. The bent U-shaped  
“corners” a working cell can pose a problem. As they may serve as a possible dead 
space, they may act as a mini storage room, thereby facilitating a storage area going 
back to batch manufacturing. Alternatively, the use of a ball roller transfer should 
encourage the movement of parts through the corners and the U-shape [29, 30].

2. Lean Machines/Simplicity:

One-at-a-time from continuous-flow another aim of lean manufacturing is it is 
necessary to produce each one, the workstation is designed to match a nominal 
covering. The Minimum the envelope guarantees the removal of excess of flat space 
at the workstation or workstation that machine [28]. This is done to prevent the 
risk of components or subassemblies being stored from the computer. Components 
stock increases “work in method and outcomes in “ batch processing, which then 
defeats the goal of lean. In addition, smaller workplaces and devices of minimal 
size remove unnecessary steps taken by the worker between Via subprocesses [31].

Ultimately, valuable floor space can be saved by sizing workstations correctly 
machines and the implementation of uniform machine bases or workstations 
for all processes should be avoided, while tempting for the sake of conformity 
and standardization. Every base machine to optimize assembly subprocesses, 
which in most cases may differ from workstation to workstation, the worksta-
tion or workstation should be built. For virtually every structural material, this 
customisation can be accomplished. However, to save on costs and to minimize 
the environmental issues associated with the disposal of inflexible welded steel 
structures, material that is reconfigurable and reusable should be given priority. 
The modular characteristics of extruded aluminum and bolt-together systems 
make them suitable for lean manufacturing principles to be applied. In addition, 
constant enhancement as a method, all workstations and work cells need to be 
simple to alter [32].

3. Workplace Organization:

The desired outcome of a smooth, uninterrupted flow of finished workpieces 
is a lean workcell, correctly planned. Nothing here this flow can be slowed or 
stopped quicker than the tool failure or misplacement. Thus, all, applications 
used on a workplace must have a holder on their own. Exactly, there are as many 
tool holders as there are tools, so that the deficiency of a tool is quick observed 
[33]. Using an integrated tool holder device for each instrument with a particu-
lar holder that is ideal. If it is possible to add holders quickly, to a workstation or 
taken away from it, this it adds to the workstation’s versatility and enhances its 
usefulness in a lean production technique. Backup tools, to reduce downtime, at 
any automated workstations, they should also be available. These instruments 
should be equipped to being out of the way of the worker before a failure this 
happens at an automated workstation. In the maximum advantage is tool holding 
frameworks that allow instruments to swing or slide [30].

4. Parts Presentation:

Naturally, the workcell will require additional components during the average 
work shift. In a lean workcell, traditional techniques of resupplying workstations 
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are not useful. With the minimum number of interruptions, each worker can go 
about his job. Each part should also be delivered from outside the work cell to 
each workstation. The use of gravity feed conveyers or bins suits the lean work-
cell’s streamlined nature. Parts bins should be filled from at the back (outside the 
work area of the work cell) so that production can be continued without inter-
ruption by the worker. Gravity transports the components to the area of reach of 
the worker. Bins can be reconfigurable as well. The containers using a key stud in 
the picture to secure them in place [30]. When reconfiguring the workspace, bins 
are conveniently stackable and provide the ultimate in flexibility.

While bins are suitable for small parts, larger parts are needed for many assem-
blies. In bins or boxes, these can be shipped. Again, without entering the work-
space, the components should be sent to the workcell. This function is served 
well by gravity feed conveyors. An additional gravity feed conveyor can be placed 
in the reverse direction if scrap, or containers must be removed from the cell. Lift 
assist devices are recommended in instances where pieces are very large. With 
mechanical, pneumatic, or hydraulic control, heavy parts or boxes of parts can 
be loaded onto a case lifter and lifted to the correct working height.

5. Reconfigurability:

A lean workcell that is properly built must be easy to reconfigure. In fact, it is 
a must to be able to adjust the process and go from good piece to good piece as 
fast as possible. Faster the changeover, less time is lost in production. Switching 
can be done in a matter of seconds with a strong quick-change fixture. As the 
situation requires, a variety of different fixtures may be kept at the workstation 
and swapped. At times, a lean cell must be rapidly attributed to process shifts or 
other variables to accommodate assembly of a new product, reconfigured or even 
relocated. In the ability to transfer each part of the work cell rapidly becomes 
extremely essential if a computer or workstation needs to be changed. The versa-
tility required for rapid and efficient changeover is given by lockable casters on 
machines or workstations [28, 34].

6. Quality:

A reduction in quality concerns is one of the consequences of one-at-a-time 
production. Visual inspection by the worker will check that it is correctly 
assembled when each component is made. They should be installed on the 
computer or workstation if verification is necessary via gages. And they can be 
replaced quickly. Fast release of fixtures is a must using star knobs or locking 
levers. There will be a time when it is not easy to address a quality issue. A de-
fective method or a malfunctioning computer could be the root of the prob-
lems with consistency. In the case of a defective process, the structural framing 
scheme allows for improvements in a minimum amount of time, no matter 
how big. Once again, in limited time, bolt-together construction addresses a 
big issue [34]. A malfunctioning machine can also be easily replaced, particu-
larly if it is fast. When the lean cell is constructed, disconnections for all pneu-
matic or electric lines are given. Furthermore, in the lean cell, there should be 
no pneumatic or electrical contacts between machines. These would slow the 
machines inside the cell from changing. If the system has been removed from 
all power sources, if installed on lockable casters, it can be transported easily. 
Ease of reconfiguration and swapping eliminate any inability on the part of 
the employee or management to attempt to “Make do” with “almost” accurate 
devices or processes. This adjustment in Attitude can contribute greatly to the 
development of true quality [35].
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7. Maintainability:

A further requirement of a lean cell is ease of operation. In a pull-through system, 
long down periods cannot be tolerated. The product must be generated while con-
sumer demand exists. The ultimate in keepability is given by a modular structural 
framework. Components may be removed in a matter of seconds [34]. The design 
of bolt together ensures that computer stands, part presentation equipment or 
workplaces can be repaired in seconds. In a limited amount of time, even whole 
computer bases can be restored. Also, the systemic framing scheme provides for 
all machine bases, guards, a source for common components, workstations and 
with standardized elements, maintaining a structure requires a minimum number 
of resources. Three or four basic hand tools are necessary to construct or restore 
any structure with a structural framing system [36].

8. Ease of Access:

All required work elements can be installed in easily available locations using an 
aluminum mounting system as the basis for a lean cell, since each side is a pos-
sible mounting side. For productive work, parts bins, instruments, shelves, and 
fixtures may all be placed in the ideal spot. The T-slot on the surface of the fram-
ing device often enables if clearance space is critical, swift repositioning of pneu-
matic or hydraulic parts. Components can be rapidly attached to any workstation 
and quickly repositioned to ensure each worker’s usability [34]. Additionally, 
with simple hand tools, whole guards or individual panels can be removed easily, 
allowing service technicians to conduct maintenance in a matter of minutes [37].

9. Ergonomics:

The worker must, eventually, be shielded from ergonomic issues. Each lean work 
cell properly designed must be ergonomically designed. It is always necessary to 
maintain work at the ergonomically correct height in the work cell. While it is 
sometimes not considered, a design for the average height of the worker is also a 
requirement. Since average heights vary from country to country, it is important 
to easily change the height of a computer or workstation if there is a risk of a it is 
possible to ship workstations from country to country [34, 38].

1.4 Lean tools and techniques

Several industries introduce Lean by seeing Lean as a series of ‘tool’. For a while, this 
could be helpful, but in the long run, it will not be enough. Behavior is developed by 
defining values like as dragging the Andon chord when a difficulty arises, but it con-
tinuously does this, always expects it, and always supports it [39]. Lean techniques are 
the base of lean thinking and the most common applied techniques are listed below:

1. 5S

It is the most common methods used in lean management. Starting the Lean 
journey with 5S, however, might not be a good idea. Although 5S is simple to 
incorporate, it has improve the efficiency and quality, it can also be a distraction 
from real goals or simply clean-up [39]. A 5S program’s real goals should be:

• To lower waste

• To enhance variant

• To increase productivity
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It is necessary for senior management to be supportive before introducing the 5S 
Lean technique.

Since 5S may be ideal model for many organizations, even if they understand 
the concept of it. Using the model methodology is one way of helping workers grasp 
5S. It targets small section of the shop floor and implements 5S there. Before any 
consideration is given to moving to another location, the 5S should be identify every 
detail. The primary reason for doing this is to inspire employees to look and assess 
the outcomes of 5S with their previous way of working. Since 5S would be the better 
option compare to the older ways, the workers would be ready and able to proceed 
to other regions and eventually the whole business with it.

i. Sort: Everything sorted in the work area. First, they categorized what is 
required for manufacturing and what are not required. Those that are not 
needed in the work area or serve no purpose must be discarded immediately. 
The company can choose to red tag products when in doubt. Red tag is a 
sticker indicate the date of object and then it is discarded if the object is not 
used up to the date [17].

The products are sorted accordance with the use. High use equipment’s are 
kept close (perhaps daily) as possible to staff so that they do not waste time 
reaching them. Those that are used less often are positioned slightly further 
(perhaps once a week) so it is easily reachable to the workers, but not very 
near as to compete with the use of regularly used objects. Lastly, those that 
are seldom used are kept furthest away (per-haps once a month).

The sorting should be carried out regularly, maybe single time in a month 
but it is habit [18, 40].

ii. Set in order: The set deals with each item’s location. Each item should be 
place in the manner that it can be easily available for everyone and everyone 
knows that where it is placed. Two methods used to identify the product for 
all employees where color coding and labeling on the product. Whenever 
there are some products, parts or instruments shift, this stage should be 
repeated [17, 18, 40].

iii. Shine: Everyday, the work area should be kept physically clean, workers also 
checked the working area that everything is placed in proper manner and if 
it is outplaced then it can be fix instantly. One technique is used to clean shop 
floor in every five-minute routine basis on each day (this process should be 
standardized for getting best results). The cleaning and tidying equipment’s 
are properly arranged and regularly maintained. ‘Cleaning is testing’ implies 
the incorporation of both. You are not just washing up, you are looking for 
any abnormality’s and their root causes [17, 18, 40].

iv. Standardized: For the first 3Ss, expectations must be established to confirm 
that the employees do what the business requires from them. “Standard work 
aims to create repeatable, reliable and capable processes and procedures”. The 
greatest norm is one that employees consider to be so strong and consistent 
that the workers are followed the given process plan and they do not divert 
in some other way (or do the process in some other way) [17, 18, 40]. For the 
introduction of the 5S to be a success, these standards need to be well managed.

v. Sustain: All staff should make a habit of the first four Ss and must also con-
tinually strive to use and improve them. Audits are supported and enhance 
the values of 5S to uplift [17, 18, 40].
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2. Just-in-Time (JIT)

JIT is a lean technique based on waste reduction and productivity growth. Waste 
can be defined as any action which does not add any value to the manufactured 
goods. Excess lead times, overproduction, and scrap are common examples of 
waste [17]. Instead of moving goods based on expected demand, JIT can be consid-
ered as a ‘pull’ operation based on client demand [40]. JIT’s primary aim is to “pro-
duce and transport what is needed, when it is needed, amount needed, in the short-
est possible lead time” [41]. “In summary, JIT is based on the concept of supplying 
raw materials just when required and producing products just when required”.

3. Kaizen

The most well-known Lean approach is Kaizen. The combination of kai and zen, 
meaning “change” and “good” is Kaizen. This is what we have simply translated 
as “continuous improvement”. For Kaizen implementation no initial cost is 
required or with in very less money it can be give big profits. Neither it cannot 
change the floor layout, nor it is need any advanced technology [17, 18, 40, 42].

4. Kanban

Kanban the Japanese word means “sign” or “card” This is the main technique used 
for continuous work flow between the work stations. It is used to identify the condi-
tion of product and what operations are carried out on the products and who is the 
operator. Kanban will maintain the flow of product from start to the end [40, 43].

5. Poka-yoke

“Poka-Yoke is fool-proofing technique for error prevention and elimination”. This 
approach is not restricted to being used only in production but can also be used 
in office activities (such as post office, clinics etc.). Poka-yoke helps an industry 
to avoid the occurrence of a problem or flaw, or to interrupt a procedure immedi-
ately when a probation occurs. The clutch in a car is a normal and daily instance. 
The vehicle will not start until the clutch is pressed [44].

6. 5 whys

Sakichi Toyoda would have designed the Lean system of the “five whys”. It is one 
of the significant approaches that Toyota uses to solve problems. The theory is to 
evaluate the problem before the root cause or causes are found, not to stop at the 
first cause of a problem (the first why). In fact, it is more of a theory than a cause 
analysis tool since it is not sufficiently organized nor ‘accurate’ (why 5 and not 4, 
6? In the 2nd, the root cause can be quite well discovered) [44].

7. Andon:

The Japanese origin term is the mixture of the two symbols 行(go) and 灯(light) 
that can be translated as “going where the light is”. The andon is a luminous show 
activated in its technical application when a problem is found on a workstation to 
fix it as quickly as possible [45]. It can be caused by an operator or by the equip-
ment where the problem happens automatically. To perform suitable activities, 
color codes may specify the form or degree of urgency of the anomaly. Initially, it 
was planned for large production workshops that are very important for visibil-
ity. It does, however, refer to other cases, such as call centres, and in its com-
puterized form, in which warning lights can be displayed on the PCs (or mobile 
devices) of the persons concerned [46].
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8. Autonomation or Jidoka:

Jidoka (働化) is an automated shutdown of a machine in the event of detection 
of a defect. It is a word coined by Sakichi Toyoda in 1896 when he invented the 
first weaving machine that stops automatically when the yarn breaks; it means 
“automation with human touch” and has been translated by autonomy (con-
traction of automation and autonomous) into English; it eliminates the human 
interference from the machine because if it stops itself, it not required to watch 
continuously [46].
It has two important concepts in the original TPS:

• One operator can handle many machines at same time, it will improve the 
human efficiency and save manpower cost.

• To fix them efficiently, the “built-in Quality” identifies quality issues as soon 
as possible; the full definition also consists of determining the root causes to 
definitively correct them.

9. Continuous flow:

Unlike batch processing, which consists of producing many products at a time, 
continuous flow production consists of producing only one product at a time at 
every stage of the process. It minimizes inventory levels of work in progress and 
decreases production cycle time, because before going on to the next production 
stage, each product does not have to wait for others [46].

10. Gemba:

This is undoubtedly one of Lean’s most iconic strategies. Gemba, is a Japanese 
term that means “crime scene” literally. Toyota, which originally used this term, 
replaced it with the term “Genchi genbutsu” which has a more positive connota-
tion and means “going where the problem is encountered” In fact, the word most 
widely used today in the industry is the “Gemba walk” usually explained using 
the Genchi genbutsu translation.

There is a more substantial distinction in theory behind the discrepancies in 
terms. Whatever the word is, it is a manager’s visit to the office. Gemba, however, 
stresses the inspection and checking of evidence in its original version to make 
the right decisions. While the “Genchi genbutsu” version, which is like the “man-
agement by wandering around” American version, insists more on the casual 
side and listening to the visited employees [47].

11. Heijunka (Level Scheduling):

Leveling, which means smoothing the preparation or workload in the industrial, 
is the Heijunka translation. This approach is important to the success of the 
development of “continuous flow” in practice. It compensates for the fact that 
orders seldom arrive at a regular pace, in practice [46].

There are two forms of grading:

Volume leveling: the smoothed output produces the average of the orders over a 
given time, as the orders are of different amounts per day,

leveling by product type: Smoothing is a little more complex, it is a matter of 
mixing the various items every day according to their processing period to 
achieve an equal (or nearly identical) average time every day.
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The two strategies are merged in practice. The Heijunka box has been developed 
as a visual medium: it consists of boxes, each representing the type of product (in 
columns) and the day of the week (in rows), the number of sheets per box being 
the number of products of the type considered to be manufactured on that day, 
the sum of the products in the same column being the date of manufacture.

12. Hoshin Kanri:

Hoshin Kanri’s literal translation is ‘management of the direction’. It means that 
implementing organizational policy or strategy, or of implementing major im-
provements, such as restructuring projects, in a wider context. It is the contrary, 
or rather a supplement to continuing change.

There are three pillars to this method [48]:

A cascaded implementation based on the vision definition: management sets the 
key directions that are implemented across the organization (“top down” process).

An iterative and participatory process at each hierarchical level: it helps the teams 
at each level to learn, adjust to reality and appropriate; this process is also called 
“catchball”.

Short and long PDCA cycles: enabling the deployment to be corrected and 
 improved over many time horizons.

13. Plan-Do-Check-Act (PDCA):

The PDCA emerged from a seminar sponsored by the Japanese Union of Scien-
tists and Engineers (JUSE), where W. Edwards Deming updated Shewhart Cycle. 
It is a method of designing and developing a product according to specifications; 
it has been introduced by JUSE, and by Kaoru Ishikawa, to be used as a more gen-
eral method called PDCA. It has become a central component of the Lean theory 
of quality improvement. It is called the Deming Wheel as well. It is composed of 
four steps [49]:

Plan: After determining what you want to implement and the targets, plan the 
actions,

Do: Execute the acts,

Check: Monitor the achievement of acts and goals, understand the outcomes,

Act: Act, apply corrective or enhancement measures [50].

14. Single Minute Exchange of Die (SMED):

It is developed at Toyota by Shigeo Shingo. Its mission is to decrease as much as 
possible tool changeover times in production [51].

The procedure consists of five stages.

Identify the activities performed: it is important to identify and quantify all 
activities performed, with waiting times,

Determine inner and outward behaviors:

• Inner activities are relevant to the process of modification that involve the 
cessation of output.

• Outward activities are performed during the manufacturing or before the 
manufacturing: component or tool preparation, presetting, etc.
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Group external tasks together: Grouping can be eliminating the downtime of 
output by removing the downtime of processes.

Reduce internal operations time: Detailed analyze can be done for every opera-
tion and removed or updated the unwanted things.

Reduce external running time: It has not affect directly but it will increase 
performance or reduce costs.

15. Standardized Work:

Operation standardization was invented by Henry Ford, and it is backbone of the 
TPS. It includes the standardization of systems, tools, operating procedures, and 
even the extension of parts and components [40, 44].

16. Takt time:

Takt originates in German and means rhythm.

It is not a technique strictly talking; it is the basic measurement component of 
the method of non-stop flow output. This is the manufacturing amount of all 
item, which in principle essential be equal to the sales price. If all development 
phases are perfectly balanced at a period equal to Takt time [44](according to the 
Heijunka method).

17. Total Productive Maintenance (TPM):

This technique is based on two main concepts which are included in its name 
[40, 44].

• Productive: To perform the maintenance without disturbing the produc-
tion flow.

• Total: Contains very variables that influence the correct working of the 
machines and involves one and all.

JIPM has established eight TPM pillars [52]:

i. Independent maintenance: Basic processes carried out by production  
managers (cleaning, lubrication, inspection, etc.) and the avoidance of 
breakdowns or the detection of irregularities as early as possible.

ii. Kobetsu-Kaizen: In the TPS system, it is the equivalent of Kaizen.

iii. Scheduled maintenance: By preventive work it avoids breakdowns.

iv. Training and of knowledge management: Trained the technicians and 
machine operators to improved maintenance.

v. Maintenance at design stage: In the design of machines or goods, mainte-
nance is considered to promote maintenance processes.

vi. Quality maintenance: Quality is improved by proper maintenance by removing 
defects.

vii. Health, Safety and Environment: This pillar provides workers with a 
healthy working conditions and support to build a community that attracts 
equipment consideration.



Lean Manufacturing

42

viii. Office maintenance: Ensuring that the support functions recognize the 
maintenance issues and, in addition to developing a sense of change of their 
own processes, can provide support.

18. Value Stream Mapping (VSM):

VSM is the analysis technique that allows all the knowledge flows of a process to 
be defined and visualized in a synthetic way.

A unreal and visual feature is likely to use of standardized symbols and a definition 
which, without being exhaustive, must remain at a macroscopic stage [53, 54].

In flow mapping, many pieces of understanding are characteristic:

• The mutual representation of basic and information flows.

• In addition to the other pure development phases, the representation of the 
journeys and stock phases.

• The identification of key figures for volume for each phase.

• By specifying the processing times and the times between operations, the 
cumulative time line.

• Identifying the challenges.

19. Waste reduction.

To elimination of waste, which is often more of a Lean concept than a Lean 
process, is one of Lean core principles. Three forms of waste exist, according to 
Taichi Ohno [13, 18]:

Muda: Activities with no added value to the finished product; some of its activi-
ties, such as quality controls or modifications, are still important [13].

Muri: Tasks that are unnecessary or too difficult [13].

Mura: Variability undergone [13].

1.5 Conclusion

In this study, an overview of the research background has been provided. Eight 
types of lean waste, nine types of lean manufacturing principles, and nineteen 
types of lean tools and techniques were identified to eliminate the industrial waste. 
It concludes that kaizen and 5S are mostly implemented in industries due to no cost 
or very less cost is required for implementation.



43

Introduction to Lean Waste and Lean Tools
DOI: http://dx.doi.org/10.5772/intechopen.97573

Author details

Shyam Sunder Sharma* and Rahul Khatri
Manipal University Jaipur, Jaipur, Rajasthan, India

*Address all correspondence to: shyamsunder.sharma@jaipur.manipal.edu

© 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. 



44

Lean Manufacturing

[1] T. Melton, “The benefits of lean 
manufacturing: what lean thinking has 
to offer the process industries,” 
Chemical engineering research and 
design, vol. 83, no. 6, pp. 662-673, 2005.

[2] A. Brophy, “FT Guide to Lean: How to 
Streamline Your Organization, Engage 
Employees and Create a Competitive 
Edge,” Harlow: Pearson Education 
Limited, 2012.

[3] T. Rotter, C. Plishka, A. Lawal, L. 
Harrison, N. Sari and D. Goodridge, 
“What is lean management in health 
care? development of an operational 
definition for a cochrane systematic 
review,” Evaluation & the Health 
Professions, 2018.

[4] J. Womack, D. Jones and D. Ross, 
“The machine that changed the world,” 
Macmillan publishing company, 1990.

[5] J. Womack and D. Jones, “From Lean 
Production to the Lean Enterprise,” 
Harvard Business Review, pp. 93-103,  
1994.

[6] V. Bernardo, J. A. Garza-Reyes and V. 
Kumar, “A lean thinking and simulation-
based approach for the improvement of 
routing operations,” Industrial 
Management & Data Systems, 2016.

[7] Ohno, “Toyota Production System: 
Beyond large-scale production,” 1997.

[8] Y. Monden, “Toyota production 
system: an integrated approach to 
just-in-time,” CRC Press, 2011.

[9] H. Peter and D. Taylor, “Going lean,” 
Cardiff, UK: Lean Enterprise Research 
Centre Cardiff Business School 1, vol. 
528, no. 34, 2000.

[10] A. W. Omran, “Lean production role 
in improving public service performance 

in Egypt: challenges and opportunities,” 
Journal of Public Administration and 
Governance , vol. 4, no. 2, pp. 
90-105, 2014.

[11] P. Roberto, “Applying the lessons 
learned from 27 lean manufacturers.: 
The relevance of relationships manage-
ment,” International journal of 
production economics 55.3, vol. 55, no. 
3, pp. 223-240, 1998.

[12] Y. Pingyu and Y. yu, “The barriers to 
SMEs implementation of lean 
production and its countermeasures–
based on SMEs in Wenzhou,” Inter-
national Journal of Innovation, 
Management and Technology, vol. 1, no. 
2, pp. 220-225, 2010.

[13] A. Jamwal, “A study on the barriers 
to lean manufacturing implementation 
for small-scale industries in Himachal 
region (India),” International Journal of 
Intelligent Enterprise, vol. 6, no. 2-4, pp. 
393-407, 2019.

[14] N. Skhmot, “The 8 Wastes of Lean,” 
The Lean way, 2017. [Online].

[15] S. D. Triagus, S. Soeparman and R. 
Soenoko, “Minimasi waste untuk 
perbaikan proses produksi kantong 
kemasan dengan pendekatan Lean 
Manufacturing,” Journal of Engineering 
and Management in Industrial System, 
vol. 1, no. 1, 2013.

[16] V. Bernardo, D. Garcia and I. Rosas, 
“Eliminating transportation waste in food 
distribution: a case study,” Transportation 
Journal, vol. 48, no. 4, pp. 72-77, 2009.

[17] K. Akhil, “A qualitative study on  
the barriers of lean manufacturing 
implementation: An Indian context 
(Delhi NCR Region),” The International 
Journal of Engineering & Science, vol. 
3, no. 4, pp. 21-28, 2014.

References



45

Introduction to Lean Waste and Lean Tools
DOI: http://dx.doi.org/10.5772/intechopen.97573

[18] A. K. Tiwari and P. K. Singh, “Study 
of lean manufacturing, finding its 
barriers and its relation to quality control: 
A case study on the manufacturing of 
crankshaft forging,” International Journal 
For Technological Research In Engi-
neering, vol. 3, no. 8, pp. 1617-1621,  
2016.

[19] V. Chahal and M. Narwal, “Impact 
of lean strategies on different industrial 
lean wastes,” International Journal of 
Theoretical and Applied Mechanics, vol. 
12, no. 2, pp. 275-286, 2017.

[20] L. Teixeira, “Using Lean tools to 
reduce patient waiting time,” Leadership 
in health services, 2018.

[21] C.-K. Chen, F. Palma and L. Reyes, 
“Reducing global supply chains’ waste 
of overproduction by using lean 
principles,” International Journal of 
Quality and Service Sciences, 2019.

[22] P. Arunagiri and A. Gnanavelbabu, 
“Identification of major lean production 
waste in automobile industries using 
weighted average method,” Procedia 
Engineering, vol. 97, pp. 2167-2175, 2014.

[23] A. Dixit, V. Dave and A. P. Singh, 
“Lean manufacturing: An approach for 
waste elimination,” International Journal 
of Engineering Research & Technology , 
vol. 4, no. 4, pp. 532-536, 2017.

[24] S. Vinodh, S. Devarapu and G. 
Siddhamshetty, “Application of Lean 
approach for reducing weld defects in a 
valve component: a case study,” Inter-
national journal of lean six sigma, 2017.

[25] J. Z. Richard and R. D’Angelo, “The 
Henry Ford Production System: 
effective reduction of process defects 
and waste in surgical pathology,” 
American journal of clinical pathology, 
vol. 128, no. 6, pp. 1015-1022, 2007.

[26] W. O. Aly, “Lean production role in 
improving public service performance 
in Egypt: challenges and opportunities,” 

Journal of Public Administration and 
Governance, vol. 4, no. 2, pp. 90-105,  
2014.

[27] T. Jonathan and U. J. M., “The 
Principles of Lean Manufacturing,” 
Franklin Business & Law Journal , vol. 
2016, no. 2 , pp. 57-70, 2016.

[28] A. Leskova, “Principles of lean 
production to designing manual 
assembly workststions,” Annals of the 
Faculty of Engineering Hunedoara-
International Journal of Engineering, 
vol. 11, no. 2, pp. 31-36, 2013.

[29] F. M. D. Diego and L. R. Cadavid, 
“Lean manufacturing measurement: the 
relationship between lean activities and 
lean metrics,” Estudios gerenciales, vol. 
23, no. 105, pp. 69-83, 2007.

[30] Č. Ramunė and M. Vienažindienė, 
“Lean manufacturing implementation: 
the main chalenges and barriers,” 
Management theory and studies for rural 
business and infrastructure development, 
vol. 35, no. 1, pp. 43-49, 2013.

[31] P. G. D., M. Browaeys and S. Fisser, 
“Lean and agile: an epistemological 
reflection,” The Learning Organi-
zation, 2012.

[32] G. Morteza, “Modeling lean 
manufacturing success,” Journal of 
Modelling in Management, 2018.

[33] K. Jerry, “Lean principles,” Utah 
Manufacturing Extension Partnership, 
vol. 68, no. 1, pp. 1-5, 2003.

[34] A. Pereira, “Reconfigurable 
standardized work in a lean company–a 
case study,” Procedia Cirp, vol. 52,  
pp. 239-244, 2016.

[35] D. Clark, “Quality improvement in 
basic histotechnology: the lean 
approach,” Virchows Archiv, vol. 468, 
no. 1, pp. 5-17, 2016.



Lean Manufacturing

46

[36] M. Lauria and M. Azzalin, “Project 
and maintainability in the era of 
Industry 4.0,” TECHNE-Journal of 
Technology for Architecture and 
Environment, pp. 184-190, 2019.

[37] d.Oliveira and F. Baumont, “Lean 
Principles in Vertical Farming: A  
Case Study,” Procedia CIRP, vol. 93,  
pp. 712-717, 2020.

[38] A. P. M., D.-C. José and A. A. 
Carvalho, “Workplace ergonomics in 
lean production environments: A 
literature review,” Work, pp. 57-70, 2015.

[39] P. Daryl, E. Alfnes and M. Semini, 
“The application of lean production 
control methods within a process-type 
industry: the case of hydro automotive 
structures,” in IFIP International 
Conference on Advances in Production 
Management Systems. Springer, Berlin, 
Heidelberg, 2009.

[40] S. Sundareshan, D. R. Swamy and T. 
S. N. Swamy, “A Literature Review on 
Lean Implementations–A comprehensive 
summary,” International Journal of 
Engineering Research and Applications, 
vol. 5, no. 11, pp. 73-81, 2015.

[41] F. Talib, M. Asjad, R. Attri, A. 
Siddiquee and Z. Khan, “A road map for 
the implementation of integrated JIT-lean 
practices in Indian manufacturing 
industries using the best-worst method 
approach,” Journal of Industrial and 
Production Engineering, vol. 37, no. 6, 
pp. 275-291, 2020.

[42] S. Kumar, A. Dhingra and B. Singh, 
“Lean-Kaizen implementation,”  
Journal of Engineering, Design and 
Technology , 2018.

[43] N. A. Rahman, A. Sariwati, M. Sharif 
and M. M. Esa, “Lean manufacturing 
case study with Kanban system 
implementation,” Procedia Economics 
and Finance, vol. 7, pp. 174-180, 2013.

[44] K. Salonitis and C. Tsinopoulos, 
“Drivers and barriers of lean imple-
mentation in the Greek manufacturing 
sector,” Procedia Cirp, vol. 57, pp. 
189-194, 2016.

[45] J. Hirvonen, “Design and imple-
mentation of Andon system for Lean 
manufacturing,” OEV Publication, 2018.

[46] Y. M. Zaki, W. H. W. Mahmood, M. 
R. Salleh and A. S. M. Yusof, “Review 
the influence of lean tools and its 
performance against the index of 
manufacturing sustainability,” Inter-
national Journal of Agile Systems and 
Management, vol. 8, no. 2, pp. 116-
131, 2015.

[47] A. Cherrafi, S. Elfezazi, B. Hurley, J. 
A. Garza-Reyes, V. Kumar, A. Anosike 
and L. Batista, “Green and Lean: a 
Gemba–Kaizen model for sustainability 
enhancement,” Production Planning & 
Control, vol. 30, no. 5-6 , pp. 385-
399, 2019.

[48] K. R. Kesterson, The Basics of 
Hoshin Kanri, CRC Press, 2014.

[49] A. Realyvásquez-Vargas, K. C. 
Arredondo-Soto, T. Carrillo-Gutiérrez 
and G. Ravelo, “Applying the Plan-Do-
Check-Act (PDCA) Cycle to Reduce the 
Defects in the Manufacturing Industry. 
A Case Study,” Applied Sciences, vol. 8, 
no. 11 , p. 2181, 2018.

[50] P. M. Patel and V. A. Deshpande, 
“Application Of Plan-Do-Check-Act 
Cycle For Quality And Productivity 
Improvement-A Review,” Studies, vol. 2, 
no. 6, pp. 23-34, 2015.

[51] S. Saad, T. Perera, P. Achanga, E. 
Shehab, R. Roy and G. Nelder, “Critical 
success factors for lean implementation 
within SMEs,” Journal of manufacturing 
technology management , 2006.

[52] M. Dennis and N. Rich, Lean TPM: 
a blueprint for change, Butterworth-
Heinemann, 2015.



47

Introduction to Lean Waste and Lean Tools
DOI: http://dx.doi.org/10.5772/intechopen.97573

[53] I. S. Lasa, C. O. Laburu and R. d. C. 
Vila, “An evaluation of the value stream 
mapping tool,” Business process 
management journal, 2008.

[54] N. V. K. Jasti and A. Sharma, “Lean 
manufacturing implementation using 
value stream mapping as a tool,” 
International Journal of Lean Six 
Sigma, 2014.





49

Chapter 4

Effect of Lean Practices on 
Organizational Performance
Lokpriya Mohanrao Gaikwad and Vivek K. Sunnapwar

Abstract

The study focuses on the analysis of the direct effect of Lean Manufacturing 
(LM) practices on operational performance in manufacturing industry. A model for 
evaluating the effect of LM is developed taking into consideration as a fundamental 
variable that affects the causal relationship between LM practices and operational 
performance. A structural equation model was proposed and investigated across 
the manufacturing industry in India. A structured survey questionnaire was used to 
collect empirical data from 400 Indian companies. A total of 203 usable responses 
were obtained giving a response rate of 53%. The data was analyzed using SPSS- 
AMOS software. The results revealed that LM practices directly and positively 
affected operational performance. The results indicated that the structural equation 
model remained invariant across the Industry. The study provides further evidence 
to managers and practitioner on the effect of LM practices on operational perfor-
mance in developing countries like India.

Keywords: Lean Manufacturing, Lean practices, organizational performance

1. Introduction

The present powerful market is described by more limited item life cycles and 
the expanding individualization of items. Along with expanding worldwide rivalry, 
this puts pressure both on manufacturing organizations’ adaptability and on asset 
effectiveness to satisfy customer need and stay serious [1]. To address these dif-
ficulties, manufacturing organizations are compelled to persistently look for new 
ways to deal with improve their operational performance. Lean manufacturing has 
over the most recent twenty years seemingly been the most unmistakable approach 
for improving the operational performance in manufacturing organizations [2, 3]. 
Based on the straightforward thought of wiping out waste in all forms by focus-
ing in on the exercises that make an incentive for the client [4], it is a low-tech 
constant improvement approach that centers on representative strengthening and 
the smoothing out of manufacturing practices. As of late, the innovation situ-
ated Industry 4.0 idea is being marked as the following empowering influence of 
performance improvement.

Manufacturer work in organization to present new plans of action and advances 
to improve their manageability execution which coordinates the financial, environ-
mental and social responsibilities. Lean manufacturing is a coordinated arrange-
ment of socio-specialized practices planned to consistently dispose of waste to make 
value and construct a smoothed out, excellent framework [5]. Attributable to the 
interrelationship among Lean practices, some Lean groups are framed, e.g., just in 
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time (JIT), total quality management (TQM), and human resource management 
(HRM). They form the basis of Lean creation, every one of which contains a bunch 
of interrelated and inside steady Lean practices [5, 6]. For instance, JIT incorporates 
arrangement decrease and little part size. For the most part, manageable execution 
is worried about a firm’s capacity to at the same time consider and balance financial, 
ecological, and social issues in the conveyance of items or administrations in order to 
augment esteem [7–9]. It ought to be noticed that practical exhibition in this investi-
gation is characterized as far as its financial and ecological execution measurements. 
The social performance measurement is excluded. Accordingly, we try to look at if 
our investigation can discover a route for sustainability minded manufacturer to 
adjust benefit improvement and natural manageability, which has been at the focal 
point of consideration among policymakers and the scholarly community [10, 11].

2. Literature review

Lean manufacturing targets reducing waste and non-value added exercises [4]. 
Inside, underway, this is showed through, in addition to other things, smoothed 
out, stable, and normalized measures; insignificant inventories; the one-piece 
stream of items; creation dependent on genuine downstream demand; short setup 
times; and workers being associated with continuous improvement endeavors [12]. 
Gaikwad and Sunnapawar [13] opined that if Lean, Green, and Six Sigma strategies 
help the manufacturing firms to compete in global markets through the impact of 
sustainable strategy for their business.

Every one of these angles can uphold upgrades in various components of opera-
tional performance, for example, item quality and manufacturing cost, lead time, 
adaptability, and dependability [14]. Since Lean manufacturing was advocated and 
turned into a standard administration approach, there have been various investiga-
tions targeting estimating the real impact of Lean manufacturing on operational 
performance [15]. Krafcik [16] begat the term Lean and introduced one of the 
primary examinations to contrast Lean manufactures and common large scale 
manufacturing firms. Mackelprang and Nair [17] did a meta-examination of 25 
articles exploring the connection between Lean practices and execution. While the 
operationalization of Lean manufacturing rehearses and operational execution will 
in general shift between examines, the agreement is that the appropriation of Lean 
manufacturing is emphatically connected with operational execution improvement 
[17]. Aims of Lean production are to recognize and dispense with the production 
process wastages for quality improvement, cost decrease, on-time delivery, for 
example to make effective production processes to confront the most noteworthy 
rivalry level, so Lean is the most recent device to accomplish it and it getting 
increasingly remarkable to improve operational and competitive performance [18].

3. Methodology

The empirical data used in this study were collected through a survey distrib-
uted to Indian manufacturers that already implemented total quality management 
practices. The underlying example comprised of all the manufacturing organiza-
tions which were on the mailing rundown of an information sharing stage for 
manufacturing logistics. This underlying example comprised of 400 Indian manu-
facturing organizations, addressing a wide scope of sectors and company sizes. To 
the most awesome aspect our insight, the underlying example reflects the Indian 
business. The link to the survey was disseminated through email, and an aggregate 
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of 212 responses were gathered through an online survey tool. Of these, one of 
the returned responses needed answers for a few inquiries and was consequently 
eliminated from the final sample. This examination consequently wound up with a 
final sample of 203 respondents and a response pace of 53% was noticed.

The study instrument was approved by researching three perspectives: content 
validity, construct validity, and reliability. To guarantee content validity, a draft 
survey was pre-tried by two free scholastics with experience in both research 
project and industry. Also, the survey depended on all around tried and perceived 
things that have been utilized effectively in different examinations. To evaluate 
the construct validity, we thought about two viewpoints: convergent validity and 
discriminant validity [19]. To evaluate convergent validity, we initially examined 
the unidimensionality of the measures through principal component analysis.

Following the proposals of Carmines and Zeller [20], the things for every one of 
the constructs were researched independently. For the entirety of the constructs, 
the Kaiser-Meyer-Olkin measure of sampling adequacy was over the suggested limit 
of 0.5, and Bartlett’s test of sphericity returned p-values beneath 0.001. For all of 
the autonomous constructs, the items loaded on a single factor, the eigen value sur-
passed 1.0, the complete difference clarified surpassed half, and all the items’ factor 
loadings were above 0.5, supporting unidimensionality. As added test of convergent 
validity, the average variance extracted (AVE) and composite reliability (CR) were 
determined. The recommended thresholds for good convergent validity for these 
two tests are AVE > 0.5 and CR > 0.7 [21]. For the autonomous factors, the values 
are over the recommended variables. The dependent variable, operational perfor-
mance is made out of numerous, unique performance measurements. This implies 
that the loading factors and thus, AVE and CR will fundamentally be to some 
degree lower for this construct yet at the same time adequate, as recently proposed 
by Prajogo and Olhager [22]. To survey discriminant validity, we followed the pro-
posals of Fornell and Larcker [23]. They recommend that to guarantee discriminant 
validity, the AVE for each construct ought to be more prominent than the square 
of the construct’s bivariate relationships with different constructs. In all cases, this 
rule was fulfilled. In light of these tests, we expected adequate build legitimacy. To 
test reliability, the Cronbach’s alpha coefficient was determined for every one of the 
summated scales. All the summated scales have values over the proposed limit of 
0.6 Forza [19] and, as needs be, ought to be dependable for additional investigation.

4. Results and discussion

Following Figure 1 represent the conceptual framework of Lean practices in 
which Lean practices such as just in time, total productive maintenance, 5S, value 
stream mapping, single minute exchange of die, etc. plays important role to enhance 
social, environmental, financial, and operational performance that results overall 
business excellence in manufacturing industry.

Figure 1. 
Conceptual framework of Lean practices.
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Structural Equation Model (SEM) for Lean practices and performances:

Figure 2 shows the Structural equation model for Lean practices and its effect on 
operational, financial, social, and environmental performances.

Model Fit Summary
CMIN

CMIN/DF = 1.199, in this case less than 3 is good; less than 5 is sometimes 
permissible [24].

RMR, GFI

Figure 2. 
Structural equation model for Lean practices and performances.

Model NPAR CMIN DF P CMIN/DF

Default model 53 239.859 200 .028 1.199

Saturated model 253 .000 0

Independence model 22 1488.573 231 .000 6.444

Model RMR GFI AGFI PGFI

Default model .020 .903 .877 .714

Saturated model .000 1.000

Independence model .116 .333 .269 .304
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Goodness of fit indices (GFI) is 0.903, should be higher than 0.9 [24].
Baseline Comparisons

Comparative fit indices 0.968, (higher than 0.95 great; higher than 0.9  
traditional; higher than 0.8 sometimes permissible) [24].

Estimates: Maximum Likelihood Estimates
Regression Weights: (Group number 1 - Default model)

Model NFI
Delta1

RFI
rho1

IFI
Delta2

TLI
rho2

CFI

Default model .839 .814 .969 .963 .968

Saturated model 1.000 1.000 1.000

Independence model .000 .000 .000 .000 .000

Estimate S.E. C.R. P Label

Ope_perf <−-- Lean_pract .742 .099 7.498 ***

Fin_perf <−-- Lean_pract .694 .095 7.331 ***

Soc_perf <−-- Lean_pract .555 .089 6.244 ***

Env_perf <−-- Lean_pract .493 .086 5.744 ***

OP1 <−-- Ope_perf 1.000

OP2 <−-- Ope_perf .878 .128 6.861 ***

OP3 <−-- Ope_perf 1.069 .141 7.599 ***

OP4 <−-- Ope_perf .992 .117 8.460 ***

FP1 <−-- Fin_perf 1.000

FP2 <−-- Fin_perf .821 .126 6.514 ***

FP3 <−-- Fin_perf 1.040 .145 7.175 ***

FP4 <−-- Fin_perf .991 .137 7.228 ***

OP5 <−-- Ope_perf 1.027 .132 7.769 ***

SP1 <−-- Soc_perf 1.000

SP2 <−-- Soc_perf .893 .162 5.497 ***

SP3 <−-- Soc_perf .976 .179 5.456 ***

SP4 <−-- Soc_perf .919 .164 5.606 ***

EP1 <−-- Env_perf 1.000

EP2 <−-- Env_perf 1.160 .225 5.150 ***

EP3 <−-- Env_perf 1.619 .279 5.794 ***

EP4 <−-- Env_perf 1.676 .286 5.853 ***

EP5 <−-- Env_perf 1.175 .224 5.239 ***

LP4 <−-- Lean_pract 1.000

LP3 <−-- Lean_pract .857 .122 7.046 ***

LP2 <−-- Lean_pract .954 .131 7.277 ***

LP1 <−-- Lean_pract .698 .113 6.155 ***
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From the above table, it is observed that Lean practices are positively affected on 
operational, social, environmental, and financial performances (p ≤ 0.05).

Notes for Model
Computation of degrees of freedom (Default model)

Result
Minimum was achieved
Chi-square = 239.859
Degrees of freedom = 200
Probability level = .028

5. Conclusion

A significant territory to explore is the role Lean manufacturing will play in this 
new modern period. This examination has reviewed the utilization of various arising 
advanced innovations just as set up Lean manufacturing practices to explore their rela-
tionship with operational performance in manufacturing. It reveals how Lean practices 
impact sustainable performance. By analyzing data from 203 manufacturing firms, we 
show that the firm should manage Lean practices in an integrated and coordinated way.

This study adds to explore on manufacturing improvement activities by 
researching the impact of both Lean manufacturing on operational performance. 
This examination pointed toward covering the exploration gap with respect to the 
intelligent impacts of Lean manufacturing on operational execution recently called 
attention to by Buer, Strandhagen, and Chan [25], just as tending to a portion of the 
impediments in the prior, comparative investigations. Lean manufacturing has for 
quite some time been viewed as the ‘go-to’ answer for improved operational execu-
tion and making an improvement culture in the organization. Rinehart, Huxley, and 
Robertson [26] undoubtedly recommended that Lean manufacturing ‘will be the 
standard production method of the twenty-first century. The operational advantages 
of utilizing Lean manufacturing have been demonstrated in various past examina-
tions and the aftereffects of the current investigation uphold those discoveries.

The discoveries from the structural equation model confirmed that Lean is as 
yet an important wellspring of competitive advantage. Albeit large numbers of 
the thoughts and techniques in Lean manufacturing can be followed far back, the 
emphasis on making an incentive for the client and decreasing waste are thoughts 
that will not get old, paying little mind to the mechanical advances that occur.
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Chapter 5

Enhancement of Textile Supply
Chain Performance through
Optimal Capacity Planning
Imen Safra and Kaouther Ghachem

Abstract

Manufacturing companies in the textile and apparel field face stiff competition
due to the globalization of trade between suppliers, producers and customers. To
meet this challenge, they need to be efficient by adopting new lean manufacturing
approaches and new analysis and management tools leading to more flexible and
agile production and distribution processes. For the textile and apparel industry,
where products’ life cycle is short due to fashion changes, a new integrated
approach of production and distribution planning is needed. Based on linear pro-
gramming techniques and integrating subcontracting activities, our approach takes
into account the characteristics of demand, including its short life cycle, seasonality
and fashion effect. For these reasons, a sequential approach is adopted, combining
tactical and operational decision levels for production and distribution activities, in
order to satisfy customer needs at lower cost by reacting quickly to changes and
delivering on time. The deployed approach is structured according to the DMAIC
lean tool. Validated on real instances, this approach proves its efficiency by achiev-
ing cost reduction when internal production capacity is adequately and efficiently
planned.

Keywords: DMAIC lean tool, production-distribution planning, tactical and
operational planning, Linear programming, textile and apparel case study

1. Introduction

The success of textile and apparel companies depends largely on supply chain
management, which ensures the smooth flow of products to different markets and
their availability to customers on time and at the lowest cost. However, this task has
become increasingly complex with the expansion of supply chain actors that must
be coordinated to ensure a final offer to customers at the desired time and place.
There is therefore a need to improve the performance of the supply chain and
optimize its management, which requires the simultaneous planning, coordination
and management of production and distribution activities to ensure that customer
demands are met in a cost effective manner by ensuring the delivery of products on
time and at the required location. In this context, lean tools and approaches con-
tribute to the development of the supply chain decision-making process in order to
achieve better performance of textile and apparel companies in today’s complicated
world. That is why, in this chapter, we consider the DMAIC lean approach and we
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focus on the integration of production and distribution operations managed by a
textile and apparel supply chain manufacturer.

Our choice of the textile and apparel sector corresponds well to the problematic
we are studying of a production chain with multiple actors geographically spread all
over the world. The activities of these actors must be optimized in order to deter-
mine the adequate offer of each unit of the production chain. Moreover, the nature
of the textile product, which is not a homogeneous good but highly diversified,
short-lived and subject to the effects of fashion as described in the bibliographical
references [1–7]. For these products, we distinguish two types of orders: (1) pre-
season orders (PO) that include products for the next season with a medium deliv-
ery time and (2) replenishment orders (RO) that include products for the current
demand season with a short delivery time. In addition, the textile and apparel
industry is highly competitive worldwide and is rapidly changing due to the com-
plexity of demand, which is subject to the effects of fashion and marketing. This
results in changes on the supply side, with some businesses disappearing and others
expanding depending on the degree of rapid reaction to demand and customer
tastes, as an inadequate response to demand can result in unsold inventory and lost
sales opportunities.

We considered in this work a planning approach integrating tactical and opera-
tional decision levels and taking into account textile and apparel industry specific-
ities. Using a rolling horizon, the proposed approach identifies the quantities to be
produced, stored and delivered while minimizing the total cost of production and
distribution. Production flexibility is ensured by the consideration of low-cost
overseas subcontractors to whom standard products with predictable demand can
be assigned. Local subcontracting and overtime are short-term solutions to deal
with the unpredictability of demand related to ROs at the operational level. This
work is structured according to the DMAIC approach and will be detailed accord-
ingly while defining the specifics of each phase.

2. Phase “define”

As detailed by [8], the ‘define’ phase of the DMAIC methodology presents a
definition of the problem and what the customer requires. Hence, it is the backbone
of a successful project. The define phase starts with clarifying the problem state-
ment and analyzing the customer requirements and ensures that the project goals
are aligned to these requirements.

2.1 The problem statement

Facing a worrying decline in market share for textile-apparel manufacturers in
the context of the competitive battle, these manufacturers must act by creating new
offers combining low prices, reduced lead times and improved services. This can be
ensured by carrying out adequate resource planning at different levels of decision
making and coordinating activities associated with the various stakeholders in the
chain. Moreover, in regard to more selective consumer behavior, the emergence of
customized products with short life cycles and taking into account the different
types of orders, manufacturers must satisfy customers by being reactive, fast and
more and more flexible while offering a better quality, price and lead time perfor-
mance. In this context, a coordinated control of flows between suppliers, producers
and customers can only lead to a fast, personalized and optimal response, in accor-
dance with the expectations of end consumers. Traditionally, the various supply
chain actors manage their resources independently, and the planning and

60

Lean Manufacturing



management of production and distribution resources is done with little or no
coordination. This decentralized management can lead to additional costs due to the
placement of unexpected and urgent orders at subcontractors’ units or by schedul-
ing costly overtime. On the other hand, additional delays may be caused by re-
planned resources and the delayed arrival of a few productions due to the arrival of
these urgent orders to be placed as soon as possible. Similarly, large inventories and
long product cycles may occur as soon as the producer opts for large production
quantities to anticipate demand for the entire season, not to mention the risk of
increasing unsold stock.

Our work focuses on a global approach that integrates production and distribu-
tion activities. The related literature review is presented by [9–13]. In this work, we
are interested in addressing the problem of production-distribution coordination
applied to the textile and apparel field. A presentation of the different types of
coordination at the supply chain level and a review of the literature dealing with this
aspect are detailed by [14, 15].

Indeed, most studies on integrated production and distribution have focused on
products for which demand is stable because they have a long-life cycle [16, 17]. But
this is not the case for apparel products that have a short life cycle and whose
demand can only be accurately estimated once the product is on the shelf once the
season has started. Similarly, few production planning models have taken into
account the flexibility of production capacities. However, our models provide this
flexibility through outsourcing and overtime [18, 19]. Therefore, it is necessary to
adapt production and distribution planning models to the reality of textile and
apparel supply chains in order to optimize them, taking into account the
unpredictable and unforeseen aspect of demand while aiming to reduce production
and distribution lead times to better match production to demand. In this way,
production can be flexible and can be adapted tomarket needs. Thus, it is necessary to
define production and distribution planning models that take into account the speci-
ficity of the apparel supply chain. The objective of this study is to start filling this gap.

It applies to the case of a large Tunisian textile company (see Figure 1) that owns
several units of apparel production and two warehouses located in Tunisia. It may
also use outsourcing with local or overseas subcontractors in China to meet part of
its demand. The company adopts a business model of delivery commitment. It
commits to a delivery date for any order received and is responsible for shipping
costs. Finished products are stored in warehouses until they are delivered on time to
customers. The transportation modes used are trucks, ships and airplanes. The
transportation cost includes fixed and variable fees. Each product has a production
set-up cost and a variable cost.

Figure 1.
The textile and apparel supply chain.
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Received orders, over a season, cover a large number of product references. The
number of product groups exceeds 100. The company receives two types of orders
from local and overseas retailers: POs and ROs. POs, which have a lead time of
several months, are planned and scheduled to satisfy the following season’s collec-
tions. However, urgent ROs, which have shorter delivery times, must be produced
to fill retailer shortages or to replace unsold inventory. Due to changing fashion
trends and the short life cycles of textile and apparel products, historical data alone
cannot accurately predict next season sales [20]. Moreover, it is very difficult to
forecast specific customer needs for apparel products, leading retailers to use in-
season replenishment after revising their forecasts based on demand observed in
the first few weeks of the current season. Therefore, it is a periodic process of
adjusting retailers’ sales forecasts for different products taking into account new
information from recent sales.

2.2 Challenges of the proposed planning approach

As detailed in Figure 2, the proposed approach is based on an integrated
production-distribution planning at two decision levels while considering the spec-
ificities of the apparel supply chain. Thus, the approach involves decisions at the
tactical and operational level and takes into consideration both POs and ROs. Also,
the approach considers flexibility of production capacity to ensure a better match
between supply and demand. We consider at the level of operational planning
overtime and subcontracting activities to accommodate the internal capacity short-
age caused by fluctuations of demand and short lead time of customer orders. The
main goal of the current study is to reduce overall supply chain costs by approxi-
mately 10%.

2.3 The process definition

The definition of the high-level process map gives the team an eye of bird’s view
about the project. One of the most used high-level map is the SIPOC which details
the Supplier, Input, Process, Output and Customers. By completing the SIPOC, the
detailed map (Swimlane Map) can be developed after a series of Gemba walk and
several discussions with the teamwork.

Figure 2.
Hierarchical planning approach.
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The process definition of the SIPOC diagram, as detailed in Figure 3, ties the
different steps of the new proposal solution to create the added value. In the
current case, a new approach based on two level integrated production-
distribution plan and composed of two level of strategies (tactic and operational)
is developed. Knowing that textile and apparel manufacturers are currently
dealing with unpredictable and short-term ROs when production for the next
season is already ongoing. The company uses two types of sub-contractors: -
overseas specialized subcontractors who offer products at very low prices but
with long delivery times, and - local capacity subcontractors that the company
uses in case of production saturation but who offer prices 20% higher than
the internal production costs. In addition to this flexibility provided by
subcontracting, the company can resort to overtime with higher costs than
production in regular hours.

3. Phase “measure”

In this section, we will define the current state in order to analyze it and to
identify the gap between the actual and the desired situations. To do this, we
will structure this part in three phases. First of all, we will detail the developed
measurement system. Then, we will detail our data collection plan and our
experimental data. Finally, we will identify our desired situation and the gap with
the current one.

3.1 The measurement system analysis

3.1.1 Approach description

Our measurement system aims to define our sequential production and distri-
bution planning approach while evaluating the current situation of the company.
The objective is to satisfy POs and ROs within the required deadlines, while mini-
mizing the production, subcontracting, capacity under-utilization, storage and dis-
tribution costs.

Our approach is based on two mathematical models that are developed at two
different decision levels [21, 22]. The first model focuses on a tactical level of a
6-month horizon with a monthly periodicity and decides on pre-season quantities to
be placed internally and with overseas subcontractors with long lead times. Each

Figure 3.
SIPOC diagram.
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time a new order arrives, it is inserted with a rolling horizon in order to be placed
optimally on the available resources.

The second operational model considers a monthly horizon with a variable
periodicity between 8 and 11 weeks. This model is used to detail tactical confirmed
quantities over weeks and to insert new urgent orders arriving through a rolling
horizon.

At the operational level, urgent orders with short lead times are inserted pro-
gressively. However, when a new order with a long lead time for the pre-season
arrives, the tactical model is run and the order is inserted on the rolling horizon to
study the possibility of subcontracting it to overseas subcontractors. Thereafter, the
production will be refined over weeks using the operational model, if the decision
taken at the tactical level affects production internally. This operation is repeated
until all orders for the season have been placed.

Our approach results in a production, storage and distribution plan that takes
into account the assignments of overseas subcontractors and the assignments of
new orders that arrive at the operational level. The latter are detailed by week
during the first 2 months. Given the principle of the rolling horizon, decisions taken
during the first week are fixed and the related costs are recorded. However, deci-
sions taken in following periods will be revised once the model has been run in the
second week.

3.1.2 Mathematical formulation

3.1.2.1 Tactical planning model

As detailed in appendix A, at the tactical level, the model decides on: - monthly
quantities to be manufactured internally and at subcontractors, �monthly quantities
to be stored, � monthly quantities to be distributed per period, taking into account
the different modes of transport. The objective is to minimize the total cost of
production, storage and distribution. It should be noted that for this current situation,
the parameter αkt considered in Eq. (3) and Eq. (6) is equal to 100%. Means that we
are considering all the available production capacity at the tactical level.

3.1.2.2 Operational planning model

As shown in Figure 4, the operational horizon ranges from 8 to 11 weeks. The
length of this horizon is defined according to the position of the first week in the
month.

Figure 4.
Variable operational planning horizon.
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For example, if the first week of the planning horizon corresponds to the second
week of the month ϴ, then the length of the planning horizon is set to 11 weeks
because tactical decisions related to the month ϴ + 2 must also be taken into account.

We denote by a couple (t, s) theweeks in the operational planningmodel, where s is
the position of theweek inmonth t. Operational planning includes a set of periods TSӨδ
and takes place at the beginning of week δ of monthӨ (as detailed in appendix B).

For the operational planning model, detailed in appendix C, the length of the
planning horizon is justified by the fact that POs resulting from tactical planning should
be reliably detailed at the operational level. Hence, to properly place decisions made at
the tactical level, the operational planning horizonmust reach the end of the month.

3.2 Data collection plan

Based on company reports translating historical data, Gemba walks and after
meetings and team benchmarking, we were able to collect the necessary informa-
tion to set the required parameters for the proposed models.

Before detailing experimental data, it is important to identify the established
planning assumptions:

• Demand is dynamic and deterministic,

• Storage cost is defined according to the average level of storage between the
beginning and the end of the period,

• Under-utilization capacity cost is estimated according to the average hourly
cost of labor/machine.

• In the operational model, we consider only local subcontractors.

• Overtime is considered to allow greater flexibility when managing the
unpredictability and short lead time of ROs.

3.2.1 Experimental data

The relevant company delivers about 200 references of products to 30 retailers
per year through 3 knitting manufacturing plants located in Tunisia. Products are
transferred to customers through two local warehouses storing finished products
ordered by local and overseas retailers. These warehouses are characterized by their
limited storage capacity and a storage cost of approximately 5% of the unit produc-
tion cost per unit.

The shipments can be carried out by trucks, for local deliveries, or by aircraft
and by ships, for overseas connections. Our mathematical models decide on the
mode of transport to be adopted according to the delivery times involved. Indeed, a
delay of at least 5 weeks is necessary to deliver the products by ship. However,
aircraft shipments are made within the same week. The considered transportation
costs are composed of fixed costs, depending on the number of shipments made,
and variable costs depending on the shipped quantities.

Considering the 200 variety of manufactured products, the internal production
costs vary from 3 to 35 euros. In order to accommodate the limited internal capacity,
flexibility is ensured by scheduling overtime. However, overtime activity is limited
to 25% of production capacity after regular working hours and costs 40% more. The
internal flexibility is reinforced by a subcontracting activity with 10 local subcon-
tractors and one overseas one located in China. The local subcontractors have
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enough capacity to meet the ordered quantities and fill the limited capacity of the
internal production sites. The latter offer products at prices 20% higher than the cost
of internal production. As for the Chinese subcontractor, it can manufacture large
volumes of products but with delivery times exceeding 2 months. The latter offers
basic products at costs that are about half the internal production cost. Our planning
models decide on production allocations based on available capacities and assigned
lead times. The overall focus is to meet customer orders on time and at lower cost.

Our proposed approach is run over 6 months, generating a weekly production
schedule identifying the quantities to be manufactured, stored and distributed. The
proposed models are solved using the package ILOG OPL Studio V6.3/ Cplex 11 and
are run on an intel Core i5 PC with a 2.3 Ghz processor and 512 MB of memory. The
planning model at the tactical level takes into account approximately 122,000 con-
straints and 66,000 variables, of which more than 5,000 are binary. However, the
operational model contains 55,000 constraints and 3,000 binary variables among
the 25,000 considered variables in the model. An almost optimal solution, with a
deviation of 10–4 from optimality, is obtained for all the executed models.

3.3 Current situation and the gap with the desired one

Our approach evaluates the current situation of the apparel manufacturer who
incurs a logistic cost equal to 2864 k€ obtained for the 6 months.

In order to improve the situation, we aim at considering additional flexibility at the
tactical planning level in order to better accommodate the unpredictable orders that
will be placed at the operational level. A decrease of the overall logistic cost is expected.

4. Phase “analyze”

At the end of the six-month simulations, we obtain a weekly production, storage
and distribution schedule for the various products, taking into account the tactical
model’s assignments and the unforeseen and urgent demands that arrive at the
operational level. The cumulative costs obtained for the first few weeks of the
operational model applied on a rolling horizon, added to the tactical cost of pro-
duction at overseas’ subcontractor, obtained by the tactical model, represent the
total cost of production, storage and distribution for the six months. This cost, as
reported in Table 1, is evaluated to 2 864 K€.

Period Cost (K€) Period Cost (K€) Period Cost (K€)

Overseas sub Mars 320 May S 1 92 July S 1 86

March S 1 79 May S 2 69 July S 2 90

March S 2 99 May S 3 93 July S 3 105

March S 3 84 May S 4 92 July S 4 91

March S 4 98 Overseas sub June 223 August S 1 113

April S 1 83 June S 1 83 August S 2 106

April S 2 83 June S 2 90 August S 3 93

April S 3 87 June S 3 89 August S 4 108

April S 4 76 June S 4 218 Total cost 2864

Table 1.
Weekly logistics costs.
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Weekly costs represent the sum of production costs in regular hours, overtime
and at local subcontractors added to the costs of storage, underutilization of internal
production capacity and product deliveries.

Obtained results for the current situation show that production is mainly
affected to Internal manufacturing units 90.5%. However, 8.9% are affected to
overseas subcontractors as shown in Table 2.

Based on these obtained results, we notice, on one hand, a production allocation
that leads to an overload of internal production capacity and costly overtime. On the
other hand, some productions get started in overtime, especially when the internal
production capacity over regular hours is partially used. This is mainly due to the
due dates position of the POs through the month. Indeed, since the productions
planned in the internal units over a month are detailed at the operational level by
week, it seems mandatory in some cases to massively produce during the first weeks
of the month to meet the predefined delivery dates. Consequently, it is necessary to
produce in overtime some products that the production capacity during regular
hours cannot meet. Meanwhile, for the remaining weeks of the month, the capacity
of the internal production is under-utilized. In this case, the ROs, which arrive at an
operational level, are assigned to the subcontractors since the internal capacity of
production is fully used by the production of the pre-season items decided at the
tactical level.

This obtained cost seems to be too high because decisions at the tactical level
are made without taking into account what may arrive at the operational level
as urgent and unforeseen ROs. This cost can be improved to be more
competitive in the market through greater flexibility at a tactical level. This
flexibility could positively affect the allocation of orders that arrive at an
operational level.

To analyze the current situation of the textile and apparel supply chain and try
to identify the root causes of the performance decrease in this field, we establish the
following Ishikawa diagram shown in Figure 5.

Based on this analysis, we confirm that it is necessary to reduce lead times
through better resource management and better planning that will reduce the
operational workload on operators. Taking into account the specificities of this
sector and the requirements imposed by markets and customers, it is essential to
adjust to needs, as soon as they are presented, through a better flexibility of
resources at a tactical level.

The 5 P tool (Figure 6) is also used to identify the root cause of the problem so
that the required actions can be taken to improve performance.

It is quite clear now that the solution is to provide some flexibility at
the tactical planning and not to allocate rigidly anticipated productions
without allowing sufficient flexibility to place the orders that arrive at the
operational level.

Quantities %

Internal manufacturer’s production 259359 90,5

Internal overtime production 1833 0,6

Subcontractor’s production 25507 8,9

Total produced quantities 286699 100,0

Table 2.
Production assignment
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5. Phase “improve”

To solve the root cause, at this phase, we have to introduce more flexibility at the
tactical level by considering only a percentage of the production capacity. The other
part of the production capacity is considered as reserve capacity. Thus, it can be
used only at the operational level to efficiently meet RO with short due dates
without disrupting the ongoing production. During this study, we need to achieve

Figure 5.
Ishikawa diagram.

Figure 6.
5P tool.
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one main objective: how to satisfy the retailers’ pre-season in addition to the ROs
that must be in time. This objective will be reached by minimizing the internal
capacity underutilization, storage, distribution operation and also the overall supply
chain cost incurred by internal production, subcontracting.

The availability of products based on ROs during the season is risky for the
retailer since it largely depends on the flexibility, responsiveness and efficiency of
the suppliers involved. Therefore, to meet retailer orders and ensure deliveries on-
time, production flexibility becomes crucial and a key competitive issue for any
textile or apparel manufacturing company.

At the tactical model a reserve production capacity (RPC) is considered.We denote
the percentage of internal production capacity that can be used to fulfill POs by α. αkt is
the reserve related to an internal site k over a period t. As it can be noted, (100� αkt)
represents the percentage of internal capacity reserved to fulfill in-season ROs.

Meaning that the parameter αkt considered in Eqs. (3) and (6) is less than 100%.
At the operational level, the RPC considered at the tactical level is released and

the entire internal capacity can be used in addition to overtime. This will provide
more flexibility to accommodate unforeseen and urgent ROs.

Let us now consider the operational level, the RPC considered at the tactical
level is released. In addition, all internal capacity can be used to overtime. This will
result in greater flexibility to respond to unexpected and urgent ROs.

5.1 The reserve production capacity estimation

The impact of considering the RPC at the tactical planning level on supply chain
costs is investigated. During this experimentation, the same value for this RPC for
all internal manufacturing units is used. Firstly, for each month of the six-month
tactical planning horizon, a fixed RPC is considered. The percentage of the available
internal production capacity for PO planning is therefore a fixed value (α).
Secondly, a RPC with monthly variation is considered. The percentage of internal
generation capacity at the tactical planning model level is therefore a value that
varies monthly and is noted (αt), with t indexed to the month.

The RPC needs to be estimated. Afterwards, the available two-years historical
demand data is used to estimate the RPC (1-α or 1-αt). Thus, it is obtained by
calculating the ratio: reserve production/total internal production during regular
hours. The resulting internal production capacity rates are shown in Table 3.

Hereinafter, different values of the RPC are tested. The objective is twofold. The first
one is to underline the importance of integrating RPC into tactical planning to improve
flexibility. The second one is to emphasize the need to develop adequatemethods based
on historical demand data and can provide an efficient estimation of the RPC.

5.2 Production and distribution planning using a fixed reserve production
capacity

Different values of α are tested. These values vary from 70% to 100% with a
difference of 5% between two consecutive values. The curve depicting the variation

Month ! M1 M2 M3 M4 M5 M6 Average

Rate year N-2 (%) 62 90 89 71 61 76 75

Rate year N-1 (%) 75 91 72 91 87 95 85

Average rate 69 91 81 81 74 85 80

Table 3.
Observed internal production capacity rates used based on 2-year historical demand data
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in supply chain cost as a function of α is plotted in Figure 7. The curve is charac-
terized by an almost convex shape. In addition, for α values equal to 70%, 75% and
100% higher costs are observed. Indeed, the reserve of 30 to 25% of production
capacity for ROs leads to the allocation of many orders to subcontractors at the
tactical level. Consequently, a significant underutilization of capacity is observed at
the operational planning level. If no reserve capacity is being considered at the
tactical planning level (which is the current practice in the company), We note that,
at the operational planning level, many ROs are assigned to subcontractors or
produced during overtime as internal production capacity is used during regular
working hours to accommodate POs.

Note that in the considered real case study, the optimal supply chain cost is
reached at a value α around 85%. Hence, a RPC of about 15% ensures a production
flexibility that minimizes the cost of the supply chain. The average value obtained
from the historical database (presented in Table 3) is equal to α = 80%. The cost of
the corresponding supply chain is equal to 2,746 k€. This translates into a saving of
4% compared to current practice (α = 100%). When the proposed planning
approach is used with α equal to 85%, the cost saving over current practice is equal
to 7%.

5.3 Production and distribution planning with a variable monthly reserve
production capacity

In this section, it is proposed to evaluate the monthly variable RPC. For each
month t of year N, we take for each year N - 1 and N - 2 the average of the
percentage of internal production capacity used as the value of αt (represented in
Table 3). A supply chain cost equal to 2575 k€ is obtained by introducing the values
of αt into the tactical planning model and sequentially applying the tactical and
operational models. The cost of the supply chain is, as observed, less than that
obtained when considering a fixed RPC equal to 20%. This method used to estimate
the RPC leads to a 6% cost reduction compared to the previously used method.
Furthermore, there is a saving of 10% compared to current practice (Figure 8).

This cost saving resulted from allocating six months of production to internal
manufacturing units and subcontractors, as illustrated in Figure 9.

Firstly, when considering a monthly variable RPC at the tactical level, there is a
better use of internal production capacity. Second, we find that some production is
performed during overtime when the internal production capacity is not fully used
during regular hours.

The reason for this can be explained by the position of PO due dates within the
month. Since production in the internal manufacturing units over 1 month from
tactical planning is detailed per week at the operational level, massive production in
the first weeks of the month is sometimes necessary to meet the delivery due dates.

Figure 7.
Supply chain cost variation with α.
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As a result, overtime is needed as production during regular hours cannot reach the
requested quantities. Internal production capacity for the remaining weeks of the
month may be underused.

When we consider a fixed RPC (for α = 80% and α = 100%), the quantities
produced at subcontractors’ manufacturing units are bigger than those performed
when a variable monthly RPC is considered. Consequently, the allocation of
production to subcontractors is better optimized for a monthly variable RPC.

Considering this result, we emphasize the importance of the monthly variable
RPC. This reserve is adjusted to ROs by assigning, at the tactical level, some
productions to subcontractors while maintaining sufficient and accurate internal
production capacity at the operational level to appropriately handle ROs.

Figure 8.
Supply chain cost comparison.

Figure 9.
Production assignment.

71

Enhancement of Textile Supply Chain Performance through Optimal Capacity Planning
DOI: http://dx.doi.org/10.5772/intechopen.96292



However, the quantities produced in the subcontractors’ manufacturing units
are particularly high when we consider, at the tactical level, a fixed α, equal to 80%.

Meanwhile, the total produced quantities over the 6 months are higher than
those produced when considering α equal to 100%, or a monthly variable RPC. This
is due to the demand monthly variation. Actually, when we consider a fixed α equal
to 80%, two situations can arise. Firstly, the ROs to be satisfied during the month
require more than the available capacity and consequently more than the RPC
considered. In such a case, the subcontracting activity is the main solution. Second,
ROs to be placed during the month require less than the available capacity and so
less RPC. Therefore, ROs to be filled for next few weeks are processed in advance to
minimize capacity under-utilization. When α is equal to 100%, ROs are assigned to
subcontractors since internal production capacity is overloaded by POs.

As conclusion, the use of a variable RPC at the tactical level, allows efficient use
of internal production capacity and optimizes the allocation of production to sub-
contractors. Nevertheless, the performance of capacity planning can be improved if
more accurate and reliable historical demand data is used and if forecasting
methods for predicting the monthly variable RPC are carried out.

By studying the three cases mentioned above, we underline the important effect
of taking into account a suitably defined RPC on the supply chain cost.

6. Phase “control”

Due to intense competition, variable economic and environmental conditions,
changing wage rates and fluctuating oil prices, the control phase of the DMAIC
methodology will be focused on establishing the changes and standardizing the
results given in the previous phases. Consequently, sensitivity analysis is chosen to
assess the effect of changes in demand and variations in subcontracting and trans-
portation costs on the supply chain cost. Three parameters are examined in this
sensitivity analysis: demand, transportation cost and subcontracting cost to assess
their impact on planning decisions and supply chain performance.

During our experimentation, fifteen scenarios are considered by varying (1) the
demand, (2) the cost of transport and (3) the cost of subcontracting between �50%
to +50% of their current values. By considering the three scenarios (α = 100%,
monthly fixed α, monthly varying α), the cost of the supply chain is calculated for
each case.

6.1 Sensitivity analysis of demand

A 50% increase in demand leads to an increase in supply chain costs, as
explained in Table 4. Nevertheless, if we consider a RPC, a decrease in this total
cost is recorded. For all considered scenarios, the best cost is obtained when a
monthly variable RPC is considered.

D�50% D�20% D D+20% D+50%

α = 100% (k€) 1658 2152 2864 3285 3794

α = 80% (k€) 1632 2020 2669 3067 3581

α variable (k€) 1596 1981 2575 2972 3389

Table 4.
Cost variation according to demand

72

Lean Manufacturing



These results confirm the importance of our approach and encourage the idea of
using RPC to reduce supply chain costs. We note a saving of 4% compared to
current practice when demand is reduced by half. This proves that the use of a
monthly variable RPC yields better results. If demand is increased by half, the gain
is 11%. The proposed approach becomes essential when demand is relatively high. If
demand is low, the internal capacity will accommodate the demand without any
additional costs. As a result, the RPC becomes less important and will avoid situa-
tions of under capacity due to urgent orders arriving at the operational level.

6.2 Sensitivity analysis of transportation and subcontracting costs

Identical trends are observed in transport and subcontracting costs savings are
also obtained when we consider a RPC at the tactical planning level (Figure 10). It
is worth noting that the greatest savings are achieved when considering a monthly
variable RPC. Moreover, savings become more important with increases in these
two costs. Lower transportation costs lead to the outsourcing of some internal
production to overseas subcontractor’s manufacturing unit, as the latter offers very
competitive prices, especially for most basic products. Subsequently, at the tactical
planning level, some internal production capacity is unused; therefore, enforcing a
RPC is meaningless. For this reason, the lowest savings are observed when transport
costs are halved. Nevertheless, outsourcing abroad is no longer the preferred option
when transport costs increase. This promotes the use of a RPC to avoid the use of
full production capacity at the tactical level. Internal production (regular and over-
time) and locally subcontracting are the adequate options to cover capacity
requirements.

When the cost of subcontracting is reduced by half, this activity is more profit-
able than the internal production. In this case, part of the internal production is
manufactured at local subcontractors. In addition, the under-utilization cost pre-
vents the full transfer of quantities to local subcontractors’ plants. Internal produc-
tion capacity is currently under-utilized; however, this situation results in lower
supply chain costs due to lower production costs. In this case, the consideration of a
RPC is no longer significant.

Figure 10.
Transportation cost variation.
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Nevertheless, increased supply chain costs are noted when the cost of
subcontracting increases, especially for α = 100% (current situation). In practice,
subcontracting is prevented until internal production capacity is completely used;
thus leading to local subcontracting at higher costs (Figure 11). In these situations,
reserve capacity appears to be a substantial consideration in ensuring the use of
foreign subcontracting (which is cheaper than local subcontracting) at the tactical
level. If the cost of subcontracting is increased by half, taking into account a RPC
that varies on a monthly basis makes it possible to achieve a cost savings of 11%
regards current practice.

The sensitivity analysis confirms the interest of our approach taking into
account a RPC. Indeed, when demand or transportation or subcontracting costs
increase, our approach allows us to adequately place urgent and unpredictable
orders that arrive at the operational level at the lowest cost.

This approach provides a decision tool for textile and apparel manufacturers
who are constantly faced with two types of orders: long lead time orders dedicated
for the next season and urgent and unpredictable orders that are related to the
current season. Moreover, this approach is applied to any type of industry where
there are two types of customers: - premium customers with short lead time orders,�
classic customers with long lead time orders. Indeed, through flexibility and
responsiveness to needs, our approach will be able to place orders in the right
location and at the lowest cost, taking into consideration a RPC and a rolling
horizon. This will guarantee customer satisfaction that will gain in
competitiveness, on both cost and lead time aspects, in today’s highly competitive
environment.

Furthermore, taking into account the type of information introduced, the per-
formance of the supply chain can be improved. The more reliable this information
is, the better the performance. Indeed, it is important for the customer to share his
sales information with the producer so that the latter can prepare in advance, using
adequate forecasting methods, to best accommodate these orders. In this case, the
estimate of the RPC can be adjusted for more reliability and flexibility in order to
forecast future orders that may come in. This is one of the perspectives and ideas to
be explored for this work.

Figure 11.
Subcontracting cost variation.
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7. Conclusions

In this chapter, the DMAIC methodology was chosen and applied to perform a
complicated problem of a textile company. Our aim is to satisfy customer needs at
lower cost while ensuring prompt and punctual deliveries. To achieve this, a
sequential approach integrating tactical and operational decisions for textile and
apparel supply chain planning has been implemented with an emphasis on the
flexibility provided by the consideration of RPC at the tactical level. As a result,
newly arrived urgent orders, with short lead times, can be placed optimally at
production sites, via the rolling horizon.

During the definition phase of the DMAIC methodology, we have defined the
problem statement and presented the proposed planning approach. Then, we
established the SIPOC diagram in order to identify the different steps of our approach
which ensures flexibility of production and distribution activities’ planning consider-
ing textile and apparel sector specificities: fashion effect, demand fluctuations.

In the first step, we have detailed our measurement system analysis by intro-
ducing the two mathematical models used to evaluate the performance of the
current situation of the apparel company, taking into account the full available
production capacity. Next, we presented our data collection plan by describing the
experimental data that were collected. Finally, we outlined the desired situation
taking into account additional flexibility at the tactical level.

In the “analysis” phase, we presented the obtained results when assessing the
current situation by detailing production assignments over different locations. We
also performed an extended analysis using the Ishikawa diagram and the 5P tool in
order to underline the interest of our approach.

During the “improve” phase, we outlined the Improvements achieved in the cur-
rent situation. To do so, we started by testing different RPC values in order to identify
the optimal one to be taken into account at the tactical level. Then, we evaluated the
performance of our approach by considering a fixed RPC then a monthly variable one.
Finally, we evaluated the efficiency of our approach to optimally respond to urgent
orders arriving at the operational level. Our approach is evaluated over a six-month
planning horizon, but it remains applicable over longer planning horizons.

“Control” phase is devoted to sensitivity analysis while studying the effect of
some parameters’ variation on the cost of the supply chain. The three considered
parameters are: demand, transport cost and subcontracting cost. The main focus of
this section is to prove the interest of our approach to place, at the lowest cost,
urgent orders that arrive at the operational level, even when demand and cost
increase. For a better performance of the considered supply chain, the importance
of cooperation between the manufacturer and the retailers, based on information
sharing, was also emphasized.

Appendix A. The tactical planning model

In model formulation, we consider the following sets and indices, parameters,
and decision variables.

Sets and indices:
K: set of manufacturing units k ∈K; K = U ∪V.
U: set of internal manufacturing units, k ∈U.
V: set of subcontractors’ manufacturing units, k ∈V.
I: set of retailers, i∈ I.
J: set of warehouses, j ∈ J.
P: set of products, p ∈P.
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L: set of transportation modes, L = {trucks, ships, aircraft}, l ∈L.
T: set of periods included in the planning horizon, t ∈ [1 .. |T|].
Parameters:
In the tactical model, the parameter (Dpit) expresses the need of retailer i, in

product p, to serve during period t. During period t, the quantities to be delivered
are manufactured in production sites k characterized by a limited capacity (Ukt).
Production incurs variable and fixed production costs per product per period (Cpkt,
Spkt) or subcontracting costs (Gpkt). A monthly cost of under-utilization of internal
production capacity (CSUkt) is also considered to penalize the non-utilization of
available internal resources. Each product is characterized by a production lead time
(Tpp) and a product unit volume (Vp). The quantities manufactured are then
transported to warehouses and incur inventory holding costs (KPpjt). The ware-
houses are characterized by a limited storage capacity (Wj). The delivery lead time
is noted by (el). Each means of transport has limited capacity (Capl). Variable and
fixed distribution costs from sites to warehouses (CTkjplt, CFkjplt) and from ware-
houses to retailers (CSjiplt, CFSjiplt) are also addressed.

Decision variables:
Z1kjplt: quantity of product p to deliver, via transportation mode l, from

manufacturing unit k to warehouse j over period t,
Z2jiplt: quantity of product p to deliver, via transportation mode l, from ware-

house j to retailer i over period t,
Xpkt: produced quantity, of product p, in manufacturing unit k over period t.
SUkt: unused production capacity at internal manufacturing unit k over period t.
Jpjt: inventory level of product p in warehouse j at the end of period t.
Ypkt =1 if product p is produced inmanufacturing unit k over period t; 0 otherwise.
N1kjlt: transported quantity from manufacturing unit k to warehouse j over

period t by use of transportation mode l.
N2jilt: transported quantity from warehouse j to retailer i over period t by use of

transportation mode l.
Model formulation (M1)
The tactical production–distribution planning model is formulated as an ILP that

aims at minimizing the overall cost in the considered supply chain network.

Min
P

t∈T

P
p∈P

P
k∈U

CpktXpktþ
P

t∈T

P
p∈P

P
k∈U

SpktYpkt

 
þ
X
t∈T

X
p∈P

X
k∈U

GpktXpkt

þ
X
k∈U

X
t∈T

CSUktSUkt

X
j∈ J

X
t∈T

X
p∈P

KPpjt Jpjt�1 þ Jpjt
� �

=2

þ
X
t∈T

X
p∈P

X
k∈K

X
l∈L

X
j∈ J

CTkjplt ∗Vp ∗Z1kjplt þ
X
t∈T

X
p∈P

X
k∈K

X
l∈L

X
j∈ J

CSjiplt ∗Vp ∗Z2jiplt

þ
X
t∈T

X
p∈P

X
k∈K

X
l∈L

X
j∈ J

CFkjplt ∗Vp ∗Z2jiplt þ
X
t∈T

X
p∈P

X
k∈K

X
l∈L

X
j∈ J

CFkjplt ∗N1kjlt

þ
X
t∈T

X
p∈P

X
k∈K

X
l∈L

X
j∈ J

CFSjilt ∗N2jilt

!

Subject to

Jpjt ¼ Jpjt�1 þ
X
l∈L

X
k∈K

Z1kjplt�el �
X
l∈L

X
k∈K

Z2kjplt, j∈ J; p∈P; t∈T and t≥ el (1)

X
p∈P

Jpjt ≤W j,  j∈ J and t∈T (2)

X
p∈P

Tpp ∗XPKT ≤ αkt ∗Vkt, k∈K and t∈T (3)
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Xpkt ≤M ∗Ypkt, k∈K, p∈Pandt∈T (4)

Ypkt ≤Xpkt, k∈V, p∈Pandt∈T (5)

SVkt ≥ αkt ∗Vkt �
X
p∈P

Tpp ∗Xpkt, k∈Kandt∈T (6)

Xpkt ¼
X
j∈ J

X
l∈L

Z1kjplt, k∈Kandt∈T (7)

Dpit ¼
X
j∈ J

X
l∈L

Z2jiplt�el , i∈ I, p∈P, t∈T, t≥ el (8)

X
p
Vp ∗Z2jiplt ≤N2jilt ∗Capl, j∈ J, i∈ I, l∈Landt∈T (9)

X
p
Vp ∗Z1kjplt ≤N1kjlt ∗Capl, j∈ J, k∈K, l∈Landt∈T (10)

Ypkt ∈ 0, 1f gk∈K, p∈Pandt∈T (11)

Z1kjplt ∈,Z2jiplt ∈,Xpkt ∈, Jpjt ∈,N1kjplt ∈,

N2jiplt ∈, SVkt ∈ k∈K, j∈ J, p∈P, t∈T, l∈Landi∈ I
(12)

The objective function aims at minimizing the total cost composed of set-up cost,
variable production cost, subcontracting cost, internal capacity underutilization cost,
inventory holding cost, transportation costs from manufacturing units to warehouses
and transportation cost from warehouses to retailers. Transportation costs are com-
posed of variable and fixed costs. The first, depends on quantity to deliver using
transportation mode. While the second is proportional to the number of shipments.

The constraints (1) determine the stock level of product p in warehouse j at the
end of period t. Constraints (2) guarantee that over each period, the total stored
quantity is limited by the storage capacity. Constraints (3) ensure that the produced
quantities do not exceed production capacity. Constraints (4) and (5) establish the
relationship between binary and integer variables. Constraints (6) with the objec-
tive function identify the underutilized internal production capacity. Constraints
(7) guarantee the delivery of all produced quantities to warehouses. Constraints (8)
ensure that delivered products from warehouses to retailers meet on time demand.
Constraints (9) and (10) guarantee the respect of transportation capacity. Con-
straints (11) and (12) are integrity constraints.

B. The set of periods in the operational planning model

The set of periods in the operational planning model used at week δ of month Ө is
presented at the table below. For example, to construct an operational planning at the
beginning of the second week (δ = 2) of month Ө, the periods involved are (Ө,2),
(Ө,3), (Ө,4), (Ө + 1,1), (Ө + 1,2), (Ө + 1,3), (Ө + 1,4), (Ө + 2,1), (Ө + 2,2), (Ө + 2,3),
and (Ө + 2,4) and they are listed in the third column of table below (TSӨ2).

Set of periods in the operational planning model used at week δ of month Ө.

δ = 1 δ = 2 δ = 3 δ = 4

t, sð Þ in

TSӨδ

(Ө,1)
(Ө,2)
(Ө,3)
(Ө,4)

(Ө,2)
(Ө,3)
(Ө,4)

(Ө + 1,1)

(Ө,3)
(Ө,4)

(Ө + 1,1)
(Ө + 1,2)

(Ө,4)
(Ө + 1,1)
(Ө + 1,2)
(Ө + 1,3)
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δ = 1 δ = 2 δ = 3 δ = 4

(Ө + 1,1)
(Ө + 1,2)
(Ө + 1,3)
(Ө + 1,4)

(Ө + 1,2)
(Ө + 1,3)
(Ө + 1,4)
(Ө + 2,1)
(Ө + 2,2)
(Ө + 2,3)
(Ө + 2,4)

(Ө + 1,3)
(Ө + 1,4)
(Ө + 2,1)
(Ө + 2,2)
(Ө + 2,3)
(Ө + 2,4)

(Ө + 1,4)
(Ө + 2,1)
(Ө + 2,2)
(Ө + 2,3)
(Ө + 2,4)

C. The operational planning model

The same predetermined parameters of the tactical model are maintained for the
operational planning model except few adjustments. Since the tactical and opera-
tional models consider different periods, w has been added here to the parameters
and decision variables to indicate that they are related to a one-week period. The
operational planning model determines the weekly quantities to be produced,
stored and delivered (t,s) ∈ TSӨδ. It is worth knowing that the production plans
obtained from the tactical model, for month t such as (t,s) ∈ TSӨδ, represent inputs
to be considered at the operational level and must be weekly detailed.

In addition to the notation introduced in the tactical planning model, we con-
sider the following two parameters and two decision variables related to overtime:

Parameters:
UHw: overtime production capacity in internal manufacturing unit k ∈ U at

week s of month t with (t,s) in TSӨδ.
CHwpkts: overtime production cost in internal manufacturing unit k ∈ U at week

s of month t with (t,s) in TSӨδ.
Decision variables
XHwpkts: quantity of product p produced during overtime in internal

manufacturing unit k ∈ U at week s of month t with (t,s) in TSӨδ.
YHwpkts ¼ 1 if there is production of p during overtime in internal manufactur-

ing unit k at week s of month t; 0 otherwise with (t,s) in TSӨδ.
Model formulation (M2)
The main objective is to minimize the overall cost composed of: -weekly pro-

duction cost, � weekly set-up cost during regular working hours and overtime, �
weekly subcontracting cost, � weekly internal production capacity underutilization
cost, � weekly holding inventory cost, � weekly variable and fixed transportation
costs from manufacturing units to warehouses and from warehouses to retailers.

Min
X

t;sð Þ∈TSθδ

X
p∈P

X
k∈V

CwpktsXwpkts þ
X

t;sð Þ∈TSθδ

X
p∈P

X
k∈V

Swpkts Ywpkts þ YHwpkts
� �

0
@

þ
X

t;sð Þ∈TSθδ

X
p∈P

X
k∈V

GwpktsXwpkts þ
X

t;sð Þ∈TSθδ

X
p∈P

X
k∈V

CHwpktsXHpkts

þ
X

t;sð Þ∈TSθδ

X
kϵV

CSVwktsSVwkts þ
X
j∈ J

X
t;sð Þ∈TSθδ

X
p∈P

KPwpjts Jwpjts�1 þ Jwpjts

� �
=2

þ
X

t;sð Þ∈TSθδ

X
p∈P

X
k∈K

X
l∈ l

X
j∈ J

CTwkjpltsVpZ1wkjplts

þ
X

t;sð Þ∈TSθδ

X
p∈P

X
i∈ I

X
l∈ l

X
j∈ J

CSwjipltsVpZ2wjiplts

þ
X

t;sð Þ∈TSθδ

X
p∈P

X
l∈L

X
k∈K

X
j∈ J

CFwkjpltsN1wkjplts

þ
X

t;sð Þ∈TSθδ

X
l∈L

X
p∈P

X
i∈ I

X
j∈ J

CFSwkjpltsN2wkjplts

1
A
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Constraints (1), (2), and (8)–(12) of the tactical model are also included at the
operational level while introducing weekly parameters and decision variables. They
ensure the balance of production flows, the respect of storage capacity, the satis-
faction of retailer demand, the respect of transportation capacity [(9) and (10)],
and guarantee the integrity of the decision variables [(11) and (12)]. Constraints
(3)–(7) are changed to incorporate full production capacity and overtime as follows:

X
p∈P

Tpp ∗XHwpkts ≤VHwkts, kϵ U; t, sð Þϵ TSӨδ (13)

X
p∈P

Tpp ∗Xwpkts ≤Vwkts, kϵ K; t, sð Þϵ TSӨδ (14)

XHwpkts ≤M ∗ YHwpkts þ Ywpkts
� �

, kϵ U; pϵ P; t, sð Þϵ TSӨδ (15)

Xwpkts ≤M ∗ YHwpkts þ Ywpkts
� �

, kϵ K; pϵ P; t, sð Þϵ TSӨδ (16)

YHwpkts þ Ywpkts ≤ 1, kϵ U; p ϵ P; t, sð Þϵ TSӨδ (17)

YHwpkts ≤XHwpkts, kϵ U; pϵ P; t, sð Þϵ TSӨδ (18)

Ywpkts ≤Xwpkts, kϵ K; pϵ P; t, sð Þϵ TSӨδ (19)

SVwkts ≥Vwkts �
X
p∈P

Tpp ∗Xwpkts, kϵ U ; t, sð Þϵ TSӨδ (20)

XHwpkts þ Xwpkts ¼
X
l∈L

X
j∈ J

Z1wkjp lts, kϵ K; pϵ P; t, sð Þϵ TSӨδ (21)

Constraints (13) and (14) guarantee the respect of the production capacity in
regular working hours and on overtime. Constraints (15), (17) and (18) ensure that
the cost of overtime is only taken into account if the same products are not previ-
ously produced. Constraints (16) and (19) establish the relationship between binary
and integer variables. Constraints (20) with the objective function set the
underutilized internal production capacity. Constraints (21) ensure that all produc-
tion quantities are delivered to the warehouses.

Constraints (22)–(26) are also considered at the operational model:

X
t,sð Þ∈TSθδ=δ≥ 1

Xwpkts ¼ Xpkθ �
Xδ�1

s¼1
Xwpkθs, kϵ K; pϵ P; t ¼ Ө (22)

X
t,sð Þ∈TSθδ=δ≥ 1

Xwpkts ¼ Xpkθþ1, kϵ K; pϵ P; t ¼ Өþ 1 (23)
X

t,sð Þ∈TSθδ=δ≥ 1
Xwpkts ¼ Xpkθþ2, kϵ K; pϵ P; t ¼ Өþ 2 (24)

YHwpkts ∈ 0, 1f g, kϵ K; pϵ P; t, sð Þϵ TSӨδ (25)

YHwpkts ∈, kϵ K; pϵ P; t, sð Þϵ TSӨδ (26)

Constraints (22), (23) and (24) guarantee coherence with the tactical decisions
made. Finally, constraints (25) and (26) ensure the integrity of the new decision
variables.
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Chapter 6

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].



91

From Lean Manufacturing to Lean Construction: How Principles, Tools, and Techniques Evolved
DOI: http://dx.doi.org/10.5772/intechopen.96191

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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Model-Based Enterprise 
Continuous Improvement
Bruno Vallespir and Anne Zouggar-Amrani

Abstract

The enterprise reengineering based on enterprise modelling is usually carried 
out within the framework of conventional projects. This leads to relatively long 
projects that are not compatible with a highly variable economic environment. The 
objective of the evolution management presented here is to use enterprise model-
ling and all the benefits it brings in a framework that allows for more continuous 
improvement than is generally observed. The proposed architecture is made up 
of three levels: a strategic level based on performance measurement, a tactical 
level that manages system migration and is based on enterprise models, and an 
operational level consisting of managing a portfolio of evolution projects. Together, 
these allow a shorter set of projects to be carried out, while remaining coherent and 
aligned with the company’s strategy. This approach puts enterprise modelling meth-
ods and continuous improvement/Lean management approaches into perspective, 
allowing complementarities and opening up interesting perspectives concerning 
enterprise re-engineering methods.

Keywords: enterprise modelling, evolution management, continuous improvement, 
lean management, performance

1. Introduction

Since the 1970s, enterprise modelling has developed into an effective meth-
odological source for improving business performance. Some of the proposed 
approaches simply provide a modelling language but others also present an imple-
mentation method. It appears that these methods adopt a classic project approach 
that leads to long and costly projects. Moreover, in the context of a rapidly changing 
economic environment, these approaches lack responsiveness. Faced with this, 
continuous improvement is pushing towards shorter projects that come from the 
field and are part of a permanent movement of evolution.

With this perspective in mind, the objective of this chapter is to show how 
enterprise modelling can be encapsulated in a continuous evolution approach of a 
strategic nature, the ultimate goal being to take advantage of the expressiveness and 
systemic approach of enterprise modelling while being part of a fluid and reactive 
evolution context.

The outline of this chapter is as follows. Section 2 will present the problem 
statement by insisting on the inadequacy of project-based approaches in a context 
of a changing environment. Section 3 gives elements of conceptualisation, on the 
one hand, on the evolving system itself and, on the other hand, on the system for 
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managing this evolution. Section 4 will present the evolution management system 
in detail. Section 5 will give the main elements that argue in favour of such an 
approach. Section 6 will conclude the chapter.

2. Problem statement

Over the last few decades, enterprise modelling has provided a methodological set 
of tools for engineering and, more often, re-engineering organisations. Little by little, 
this scientific field has emerged as an effective methodological source for improv-
ing business performance [1–3]. Developments took place in several stages [4, 5]. 
After having proposed many modelling languages in the 70s and 80s, this field then 
sought to make these languages work together to obtain integrated methods (such as 
CIMOSA or GIM) with a large modelling coverage in order to approach companies 
in the most systemic way possible [6–8]. This work made it possible to define fairly 
stable modelling domains, often identified as views or points of view: informational 
view, process view, decisional view, etc. The next step consisted in organising all 
this input by analysing on the one hand the components of these methods and their 
organisation (GERAM) [9, 10] and on the other hand on the nature of the concepts 
handled. This last point was based on approaches such as meta-modelling and 
ontologies and had as a practical field of application the translation of inter-language 
models and the development of a Unified Enterprise Modelling Language (UEML) 
[11–13]. From a theoretical point of view, this point allowed the identification of the 
major concepts to be retained in enterprise modelling as well as the way to formalise 
and express them. Finally, it must be stressed that enterprise modelling corresponds 
well to current trends that advocate the use of models in engineering such as Model-
Driven Architecture (MDA) [14, 15] in software engineering or all the approaches 
referenced under the term Model-Based Systems Engineering (MBSE) [16].

Applications of enterprise modelling methods show that they lend themselves 
well to project-based approaches. Project management in companies has grasped 
big attention since many decades to provide new insights to the practitioners. Early 
investigation through case studies in [17] provides a cross analysis between project 
management and the interest of Lean thinking. A key element in combining lean 
approach to project is “Planning and control by objectives” with fixed and accepted 
key dates. Then, the commitment and motivation from the team was quoted as lead-
ing to successful final project. This link requires precise organisation and timing, 
time and resources. A complete project of this type takes place over several months 
and can take up to one year.

It is emphasised in [18] that the efficient resources management is becoming a 
major challenge in the current context of volatility, uncertainty, complexity and 
ambiguity. In order to efficiently manage its resources, companies need to manage 
and deliver projects on time, on budget, inside the scope and in accordance with the 
quality requirements agreed with the customer. We are therefore faced with the two 
classic problems of this type of approach.

The first problem concerns the evolution of the environment, and therefore 
of the specifications, during the project. Like any project, a reengineering project 
using enterprise modelling is based on initial specifications and objectives. Even 
if it is possible to make these evolve during the project, it is more comfortable and 
efficient to ensure that they remain fixed for the duration of the project. In the end, 
a project-based approach is easier to implement in a stable context ensuring that the 
specifications do not change significantly during the project.

The second problem concerns the necessary breaks between projects. These are 
necessary for several reasons. Firstly, a re-engineering project is sufficiently intrusive 
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and impacting that the system under consideration needs to “rest” between projects 
i.e., to return to a nominal regime during which the project results will be integrated 
into the day-to-day running of the company. Secondly, as this type of project requires 
a financial and time investment, this effort cannot last indefinitely. The break thus 
enables the company to reconstitute its resources before considering another proj-
ect. Generally speaking, it can be envisaged that the return on investment must be 
sufficient before considering another project. In the end, since the break is necessary, 
the project will be all the more profitable if requirements do not change too quickly 
during the break. This brings back to the necessary stability of the environment.

In conclusion, the major problem is the stability of the environment. The project 
approach is difficult to apply in a turbulent context. Figure 1 summarises these points.

The answer to this problem is therefore to reduce these two durations: project 
duration and the duration of break between projects. The solution is to move towards 
less ambitious and more targeted projects, even if it means multiplying them. A less 
ambitious project can be carried out more quickly. Because it is shorter, there is less 
risk of a gap between specifications and results. A less ambitious project also requires 
fewer resources, which makes it easier to make it profitable. Finally, a less ambitious 
project has less impact on the entire structure, which makes it easier to integrate the 
results in nominal mode. These last two points thus limit the need for break between 
projects. Figure 2 shows how shorter but more numerous projects, with shorter 
breaks between projects, can make it easier to meet the company’s expectations.

This orientation leads to a more continuous evolution of the system. Therefore, 
we are approaching methods referred to as continuous improvement. In [19] it 
is reminded that project management model suggests to systematically “address 
the actions and solutions to be implemented in order to keep, in the long run, the 
continuous improvement of the project management processes in the organization”. 

Figure 1. 
The problems issued from a project-based approach in a turbulent environment.

Figure 2. 
Getting closer to the needs through shorter, more numerous projects and with less break between projects.
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The DMAIC (define, measure, analyse, improve, control) is also sustained as being 
a cycle for conjoint continuous improvement framework [20]. The DMAIC method-
ology is seen as last generation of improvement approaches, adding concepts, meth-
ods, tools and removing limitations identified [21]. The model based on DMAIC 
allowed identifying company’s main project management problems and associated 
causes and the selection of the causes to be first addressed [19]. It is closely linked to 
PDCA approach evoked further.

This field, which has a very strong intersection with Lean management [22, 23], 
proposes a philosophy and a set of methods that provide tools for improvement 
actions. The Lean thinking is a way of focusing on value from customer point of 
view and making people contributing to the improvement to ensure the quality at 
the source. When the actions carried out with Lean practices such as Value Stream 
Mapping, Kaizen, A3 approach are examined, it effectively shows that they are less 
ambitious and more focused on a specific problem. Starting from problems in the 
field and involving various company members, they generally focus on the physical 
system (in the industrial case) or, more generally, on the value-added process to get 
as much exhaustive vision of the flow as possible and to analyse operational dysfunc-
tions. The analyses of the added value activities should and must be at the heart of the 
focus that leads to less interest in infrastructural items such as the information system.

In addition, they offer more problem-solving tools than enterprise modelling. 
Conversely, this results in a weaker systemic vision than with enterprise modelling 
(how do all these actions fit into a coherent whole?). Similarly, it presents very 
few representation tools unlike enterprise modelling. Only Value Stream Mapping 
(VSM) can be considered as a modelling language. As quoted in [24], VSM is a 
powerful tool of representation found as being able to eliminate Muda, bottle-
necks across production line. The value stream mapping uses current state map to 
record current state of production line before implementation of improvements. 
Indeed, the VSM contains a specific pictograms code to represent steps of the flow 
along the considered scope (from suppliers to customers) with different technical 
data at each activity represented. The information and physical flows are modelled 
to visualise the flow progression and detect “bottleneck resources” that deserves 
attention and corrective actions. By the way, VSM modelling is also significantly 
interesting tool to perceive the durations of the added value actions and the waste 
undergone in the different steps because of storages, quality rate and processing 
times. VSM was efficiently proved to be interesting in the modelling production 
flow of an aeronautic company to improve the productivity and deliveries costs 
dropped by 50% [25].

Generally speaking, what most characterises continuous improvement is the 
continuous aspect of the actions carried out, as the name suggests. Here, there is 
no project with a beginning and an end, but a continuous improvement process, 
conceptualised in particular by the Plan-Do-Check-Act cycle (PDCA) which is a 
control framework for executing a series of activities for continuous improvement 
of processes, originally developed in the field of manufacturing [26].

Finally, the approach presented in this chapter aims to move towards an approach 
of continuous evolution of the system under consideration, while retaining the 
advantages of modelling as proposed by enterprise modelling. To avoid confusion with 
continuous improvement, the approach is referred to here as evolution management.

3. Conceptualisation

Several aspects concerning conceptualization are presented in this part. Firstly, 
the notion of evolution trajectory makes it possible to implement the conclusions of 
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the previous part. Then, several levels of management are proposed to manage the 
evolution trajectory of the system. Finally, several ways of formalising the system 
are presented [27–29].

3.1 Evolution trajectories

The general principle is then to make the evolution of the system a process as 
continuous as possible. Practically, the evolution process is made up of a sequence 
of steps representing the evolution of the state of the system. The closer in time 
these steps are, the more continuous the evolution of the system will be. Two steps 
are specific. The first one corresponds to the state of the system at the time it is 
examined (t = 0). This step therefore corresponds to the current state. The second 
represents the state in which we would like the system to be in the future, at a time 
sufficiently far in the future but for which it is possible to make viable predictions 
about the system’s environment. We refer to this step as the target and the moment 
at which it corresponds as the strategic horizon. The path between the current state 
and the target is punctuated by intermediate states that we call steps. These steps 
are the moments when the environment is reassessed and the target is redefined. If 
the environment has not changed, the target remains the same. This is equivalent 
to saying that the target is the desired state in the future, assuming the environ-
ment has not changed. However, we will consider that this is not the general case. 
Therefore, at each step, a new target is defined. The duration between two steps is 
usually fixed, we call this duration strategic period. It is clear that, because the steps 
are intended to be moments of redefinition of the target, the strategic period will be 
all the shorter as the environment changes rapidly.

Figure 3 summarises these concepts.

3.2 Management levels

On the basis of the trajectory of the system as we have just defined it, several 
levels of management can be envisaged.

The first one corresponds to the control of the path between the current state 
and the target. The target is a state envisaged at long term, based on the analysis of 
the environment and the company’s major orientations with a significant degree of 
uncertainty. The concept of target is close to other concepts such as vision, mission 
or values which are the core elements of a strategic organisational foundation [19]. 
Therefore, it corresponds to a strategic level.

Figure 3. 
Evolution trajectories of the system and the target.



Lean Manufacturing

102

As much as the target is considered to be generally unreachable, step 1 must be 
reached (there is no questioning planned before step 1). The management of the evo-
lution between the current state and step 1 must therefore make it possible to precisely 
define the state of the system at step 1. This level is therefore considered tactical.

The level that has just been presented makes it possible to define towards which 
state the system must evolve, but it does not manage the actions to be implemented 
to do so. Therefore, a third level, concerned by concrete action, is necessary. This 
level is operational.

Figure 4 shows these three levels and the processes that they manage. 
Considering the role that they play in the approach, the current state is called As-is, 
the first step To-be and the target Could-be.

3.3 Formalisation modes

The states identified by the approach can be formalised in different ways. Three 
forms are envisaged: performance, model and project.

Performance. A system can only be seen as a source of performance. Once the 
set of performances of interest to the company has been defined, the system and 
its evolution will be characterised through these performances. The state of the 
system can therefore be considered to change each time a performance changes in 
value. Thus, the state of the system is characterised by the value of its performance 
vector. The evolution then becomes a trajectory in a performance space, the signifi-
cant points of this evolution being the states of interest. The performance can be 
observed in the case of an existing system or targeted in the case of a future system. 
Figure 5 illustrates this approach.

Model. The most classic way to represent a system is to make a model of it. The 
notion of model is very broad and the definition of this term changes according 
to the domains. In engineering, a model represents the structure or behaviour of a 
system and is intended either to understand and evaluate the system when it exists 

Figure 4. 
The management levels.

Figure 5. 
The performance-based characterisation.



103

Model-Based Enterprise Continuous Improvement
DOI: http://dx.doi.org/10.5772/intechopen.96856

or to characterise it in order to design it. A model is based on a language. It can be 
formal, semi-formal or informal. A formal language is based on a mathematical 
formulation, whether continuous (system of differential equations for example) 
or logical (discrete event systems for example). At the other end of the spectrum 
(informal models), we can find models that are only drawings. A shop layout is 
an example of this. In between are semi-formal languages i.e., languages that have 
syntax and lead to less interpretation than natural languages but are not executable. 
This is the domain of enterprise modelling. The latter proposes a set of approaches 
and graphical languages that allow the system to be observed from several points of 
view. These languages include the IDEF suite, the business process modelling lan-
guages (BPMN, ...), the GRAI method, CIMOSA, etc. The aim here is not to define 
the language to be used, this depends on the objectives of the company and its 
culture. Finally, we should not forget simulation, which is quite similar to enterprise 
modelling but which proposes executable models.

Project. A final way of understanding the system is through the projects it under-
goes. This way, less classical than the two previous ones, insists on the fact that an 
evolving system is the object of projects that act on it and that, therefore, the evolu-
tion of the system is characterised by the projects that allow it. Within this frame-
work, future projects can be envisaged to support a targeted evolution and current 
projects can be analysed to understand the evolution in progress. Finally, looking at 
the projects means observing the evolution of the system in an operational way.

The three approaches are complementary. Seeing the system through its per-
formances consists in considering it as a black box and in valuing the exchanges it 
implements. The model approach allows on the one hand to open the black box to 
observe the structure and, on the other hand, to observe the dynamics of the system 
(synchrony). Finally, the vision by project focuses on a diachronic approach by 
analysing the actions that lead the system to evolve.

4. The evolution management system

The general architecture of the evolution management system is based on the 
elements of conceptualisation presented by the previous chapter. It is structured on 
three levels.

The first level, entitled “Strategic orientation”, is intended to propose a path 
leading from the current state (as-is) to the target (could-be) over the strategic 
horizon. This path is made up of regular steps. The strategic orientation level is 
expressed in terms of performances for two reasons. Firstly, given its nature, it 
makes it easier to link it to the strategy of the company. Secondly, because the 
target and all the steps following the first one will not be reached a priori, it 
saves an unnecessary effort of formalisation. The result of this level is a level of 
performances for each step.

The second level is called “Migration plan”. Its objective is to express the path 
from the current state (as-is) to the first step (to-be) over the tactical horizon (that 
is equal to the strategic period – Figure 3). Knowing that this step must be reached, 
a modelling action deserves to be carried out. Therefore, this level works on the 
basis of models. This level leads to the definition of the models of the first step and 
of the set of actions to be implemented to reach it.

The third level is called “Projects portfolio”. On the basis of the migration plan 
defined at the level above, the objective of this level is to define the projects opera-
tionally and to ensure the management of the entire projects’ portfolio (over the 
tactical horizon) and all projects individually (over the project duration).

Table 1 shows the overall picture.
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4.1 The strategic orientation level

As already explained (Table 1), there is several time milestones organising this 
level. Upstream, there is the existing state, corresponding to the system as it is now 
(as-is). Downstream, there is the target that is the representation of the system as 
we would like it to be at the strategic horizon, assuming that no significant element 
of the environment would change between now and then (could-be). The target 
is therefore positioned at the furthest point in the future at which it is possible to 
make assumptions about the system. In between, steps are distributed at regular 
intervals (strategic period). In theory, the number of steps is equal to the strategic 
horizon divided by the strategic period. The steps correspond to the moments when 
the trajectory to be followed is questioned.

All these milestones express the system in terms of performances. As explained 
above, that means that the system is positioned in a performances space.

The three main activities implemented at this level are as follows.

1. Target definition. This consists in translating the “key success factors”  provided 
by the company’s strategy into a valued technical performances vector. The 
 nature of these performances is decided by the company itself. There is a 
double condition about these performances: in one hand, to be valuable on the 
basis of key success factors and, in another hand, to be operational enough to 
support the definition of change about the system.

2. Current state evaluation. This action consists of evaluating the existing 
situation in the same performance vector as for the target. As we are dealing 
here with the existing situation, this evaluation can be carried out on the basis 
of observations and measures. In comparison with the target definition, the 
distance in terms of performances can be calculated.

3. Trajectory definition (steps). On the basis of the distance value calculated in 
the previous action, the objective of this action is to define a steps trajectory 
between current state and target, knowing that there must be one step for each 
strategic period. The steps are expressed with the same performances vector.

Figure 6 summarises these activities.

Name of the 
level

Nature Expression 
mode

Initial 
state

Final state Horizon

Strategic 
orientation

Strategic Performance Current 
state 
(As-is)

Target 
(Could-be)

Strategic horizon

Migration 
plan

Tactical Model Current 
state 
(As-is)

First step 
(To-be)

Tactical horizon 
(Strategic 
period)

Projects 
portfolio

Operational Project Current 
state 
(As-
is) / 
Project 
start

Portfolio 
completion / 
Project end

Tactical horizon 
/ Project duration 
(Operational 
horizon)

Table 1. 
Architecture and principles of the evolution management system.
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The definition of the trajectory and, therefore, of the steps that constitute it, is 
not a simple task for two main reasons. Firstly, it can be difficult to translate the key 
success factors, often expressed in general terms, into operational objectives i.e., 
objectives that are valued and translatable into actions. Secondly, the performance 
space is not accessible in its entirety. The reason for this could be:

• the exogeneous limitation of the level of a performance (technical, legal, etc.);

• the deadly cost of making a certain level of performance accessible;

• the fact that some performances may be opposite: seeking to increase one 
inevitably leads to reducing the level of another;

• the fact that some performances may rely on the same type of resources (finan-
cial or other) that are inevitably limited, this leads to finding a compromise in 
the distribution of this resource between the two performances.

4.2 The migration plan level

The two time milestones structuring this level are the current state and the 
first step. These two milestones have already been explained and are present at the 
level above (Figure 6). The difference with the previous level is that here they are 
expressed in the form of models. This transition, from an expression in terms of 
performances to a representation by models, corresponds to an operationalisation 
process i.e., a willingness to move towards a concrete vision. This is justified at the 
level of the first step since this will be reached and therefore corresponds to an 
implemented state.

It is not the purpose of this chapter to propose one enterprise modelling 
approach over another. There are many business modelling methods and languages 
available and the choice will have to be made according to the culture of the com-
pany. It is always important to cover all the views considered important in a model-
ling approach: processes, data, physical system, decisions, organisation, etc. To do 
this, it will be possible to choose languages each corresponding to one of these views 
or to use multi-point of view methods that already integrate several languages (GIM 
or CIMOSA, for example). In any case, we consider that the approach proposed 
here works independently of the languages chosen.

The three main activities structuring this level are as follows.

1. Current state modelling. This action consists of modelling the system in its 
 existing situation, in terms of structure and behaviour. This action concerns 

Figure 6. 
The activities of the strategic orientation level.
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the current state. Then, it is possible to use the whole set of instruments available 
to an analyst to build the model of an existing system: consultation of docu-
ments, analysis of computer application screens, field observations, inter-
views, etc. This action must be able to propose, in complement to the models 
themselves, an analysis of the system in terms of strengths and weaknesses.

2. First step modelling. This action consists in proposing a model of the system 
which, as a priority, allows to translate the level of performances defined for 
the first step by the upper level. This model must also take into account the 
shortcomings observed in the current state of the system (as-is model) and the 
possible evolution needs expressed by the company. In addition, the model will 
need to preserve the strengths identified in the previous action. Here we are 
in a totally different situation compared to the previous action. The modelling 
of the existing state was based on observation, the modelling of a future state 
is based on creativity. We are therefore here at the heart of the engineer’s job, 
which is to propose the model of a future system, based on the expression of 
needs and expected performances, with all the uncertainty that it entails.

3. Actions plan. The evaluation of the difference between the model of the first 
step and the model of the current state enables the definition of a list of actions 
necessary to evolve i.e., to make the system moving from its current state to 
the first step. The aim here is not to carry out these actions but to define them, 
taking into account the fact that they are interdependent. Because of this 
interdependence (an action needs that another one must be proceeded before, 
for instance) and because the resources of the company are obviously limited, 
these actions must be sorted in terms of priority.

Figure 7 represents these activities.
We are here in the typical enterprise modelling context: an instance of the 

migration plan corresponds to an enterprise modelling project. Obviously, the 
objective here being to converge towards a continuous evolution, the migration 
between the existing state and the first step will thus correspond to a less ambitious 
evolution than what classically constitutes the perimeter of a project. Nevertheless, 
the principle remains the same. To illustrate this, Figure 8 presents the general prin-
ciple of conceptualisation followed by enterprise modelling [30], also known as the 
“sun curve” in information systems design (1. modelling: passage from the reality of 
the existing state to its model, 2. analysis and design: passage from the model of the 

Figure 7. 
The activities of the migration plan level.
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existing state to the model of the future one and, 3. implementation: passage from 
the model of the future state to the new reality). It is easy to see the analogy with 
what is proposed in the migration plan.

This principle also explains why the sequence followed by this level is opposite 
to that of the strategic orientation level. In this one, the first step concerned the 
formalisation of the target, with the existing state being dealt with afterwards. 
This sequence makes it possible to link all this level to the strategic analysis of the 
company. Within the framework of the migration plan level, the existing state is 
processed (modelled) first. This enables the model of the first step to be developed 
on its representation in terms of performance from the previous level (Figure 7) 
but also from the analysis carried out on the basis of the models of the existing state 
(first action: current state modelling).

4.3 The projects portfolio level

As for the previous level, the two time milestones structuring this level are the 
current state and the first step. The difference with the previous level is that here 
the two milestones are expressed in the form of projects. The change of modes of 
expression reflects the desire to move from a static vision (the models represent 
the states of the system) to a dynamic vision (the actions that need to be taken to 
move from one state to another). That is why the projects portfolio is called “To-do” 
Figure 9, in comparison with the “To-be” of the upper level.

Moving from a model to a list of projects is not an obvious task. This is why the 
last activity of the migration plan was to propose an action plan. Then, this action 
plan is the link between the models and the projects. However, the action plan was 
mainly aimed at analysing what the envisaged migration entails. That is why it was 
not very precise in terms of timing or resources mobilised. The project portfolio 
level must fill this gap in the sense that all the elements that make up a real project 
must now be defined.

The three main activities that must be carried out within this level are as follows.

1. Current state evaluation. The objective of this activity is to analyse the progress 
and results of recent projects i.e., those belonging to the previous version of the 
projects portfolio. This analysis has a double purpose. Firstly, it is to verify that 
the projects that have just been carried out have achieved their objectives. If 
this is not the case, corrective or compensatory actions in the form of  projects 

Figure 8. 
The general principle of conceptualisation of enterprise modelling.
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will have to be integrated into the new projects portfolio. This assessment 
reflects the fact that two successive instances of the projects portfolio are not 
independent. It also corresponds to some extent to the Check and Act phases of 
the PDCA. The second reason for this evaluation is the fact that some proj-
ects may not have been carried out within the tactical horizon of the previous 
project portfolio, contrary to what should have been the case. This may be due 
either to a decision to run a project beyond this horizon, or to the fact that a 
project has been postponed for various reasons. In the end, this activity makes 
it possible to know perfectly the state of progress decided the previous time and 
to take this state into account for the definition of the new projects portfolio.

2. Projects portfolio definition. This activity is central at this level as it is the one 
that defines the projects portfolio. This is built on the basis of the action plan 
provided by the higher level. It is clear that the transition from actions to 
projects is not based on a bijective relationship: several actions can be grouped 
together to form a single project and, conversely, one action can lead to several 
projects. The latter case is classic and corresponds to a secondary need arising 
from the initial project. For example, a change in a management function (ini-
tial project) leads to the need to launch a computerisation project and a project 
to train the managers concerned (secondary projects). The difference between 
the actions plan and the projects portfolio is that this level takes into account 
various constraints that had not been considered at the higher level: financial 
resources, availability of human resources, negotiation with solution provid-
ers, etc. The second element to be taken into account is the evaluation carried 
out by the previous activity: definition of corrective or compensatory activities 
and integration into the portfolio of ongoing projects. The importance of tak-
ing this assessment into account is clear: ongoing projects consume resources 
that will therefore be unavailable for new projects and they may constitute 
precedence constraints for new projects.

3. Projects planning. There are therefore as many activities as there are defined 
projects. The tasks to be defined and planned are standard:

• Drawing up specifications: definition of technical specifications in relation 
to the models provided by the Migration plan.

• Design or acquisition: development or purchase on the market of the 
 solutions identified during the previous phase.

Figure 9. 
The activities of the projects portfolio level.
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• Implementation and integration of the components developed or purchased.

The main elements to be taken into account are also standard: positioning of 
projects over time, conditions of precedence between projects, organisation of the 
company’s internal resources, and triggering the involvement of external resources.

The horizon of this management is variable since it corresponds to the duration 
of the project concerned. It falls between two time milestones corresponding to the 
beginning of the project and its end. All these milestones constitute a sequence of 
events that set the pace of the projects portfolio’s evolution (Figure 9).

It is important to find the best compromise between independence in the man-
agement of each project and overall coordination within the projects portfolio.

Figure 9 shows these activities.
Finally, this level deals with project management with classical constraints and 

concepts. The important point is the existence of several concurrent and coordi-
nated projects.

5. Argumentation

The proposed approach highlights several aspects that contribute to the com-
petitiveness of enterprises. The main ones are listed here. On the other hand, taking 
the approach to its ultimate conclusion presupposes that the company develops 
self-assessment capacities. We will come back to this point in the second part.

5.1 Competitive aspects

Performance evaluation. The approach emphasises the notion of performance. 
It is a major element to be integrated into the management of modern companies 
because, in order to manage their evolution, companies need to evaluate their perfor-
mance level (actual state) and compare it with a projected state defined in relation to 
the economic environment. This expected target with performance evaluation and 
the path to achieve is also evoked in A3 approach of Lean when targets are evoked to 
allow easier projection of corrective actions. Faced with competitive pressure, many 
companies have moved in this direction in recent decades. Nevertheless, knowing 
how to measure performance and how to choose the corresponding indicators is not 
yet a talent that all companies still possess. This is why many methods have been 
proposed to help companies move in this direction [31, 32].

Industrial strategy. Talking about performance also means talking about strategy, 
because it is strategy that allows to clearly define the performance to be monitored. 
Moreover, an improvement project requires a clear definition of the target to be 
reached through the formulation of an industrial strategy. This first requires the 
development of a strategic vision/target to ensure coherence and synergy between 
all the improvement projects carried out. This argument is not shared by all com-
panies. Obviously, large groups build strategic plans but many SMEs do not for 
many reasons [33]. Whatever the arguments, the proposed approach encourages the 
definition of a strategy before any intention of evolution.

Models. To propose modelling is to encourage companies to acquire the means 
to know themselves. Models do not bring new knowledge about the company, but 
they allow it to be expressed, standardised and exchanged. As mentioned in [34], 
to model is to externalise knowledge. Self-organising means choosing one’s trajec-
tory and adapting accordingly; it presupposes being able to generate symbolic 
information, i.e. information about oneself [35, 36]. Models contribute to this. Also, 
pushing companies to model themselves means pushing them to know perfectly 
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and permanently how they run and the behaviour of each of their components and 
to identify which part of the structure needs to be improved or changed. It means 
enabling them to be autonomous in managing their evolution.

Motivation. Employee motivation is linked to the significance of the work [37]. 
In terms of change management, this is expressed by the knowledge of the target 
(where the company is going) and the possibility of frequently see the results of 
projects. Then, proposing an approach organised in small projects that allow to 
reach a step of evolution, itself positioned in relation to a long-term target, allows 
everyone in the company to appreciate the path proposed and the results obtained. 
It is also important that employees be involved in the approach as much as possible, 
which is what continuous improvement and most enterprise modelling methods 
propose. Ali et al. [38] mentions the lack of training and planning as barriers to 
Lean projects implementation. These aspects have to be systematically taken into 
account in the projects portfolio.

5.2 Self-evaluation and learning capabilities

The current state (as-is) must be expressed at each level, in the three proposed 
forms: performances, models and ongoing projects. As the approach is presented, 
this expression is based on a fully-fledged activity at the three levels of evolution 
management, i.e. this state is reconstructed each time. This reconstruction can 
be carried out by the company itself or by relying on the services of an external 
company, which is often the case.

Pushing the logic to its ultimate conclusion means thinking in terms of internali-
sation and continuity.

Internalisation reflects the fact that the company must be able to do this on its 
own. Indeed, knowing how to evaluate its performance, model its own operations 
and monitor its projects are not these skills that every well-organised company 
should have within it? Just as it is normal for the company to turn to external 
service providers for design activities (because it may not have the necessary skills 
in IT, workstation organisation, etc.), it is also necessary for it to be able to express 
its current state.

Continuity is the principle that the company should not have to reconstruct 
its current state at each step of the process but should be able to know it at every 
moment. As regards the strategic orientation level, this means implementing a 
system of performance indicators (performance monitor) that is updated as often as 
possible and that can be adapted if strategic orientations require a change of indica-
tors. For plan level migration, this means that the company has its own models and 
that there is someone responsible for updating them each time a change is noticed. 
By analogy with the technical data that the company necessarily possesses for its 
technical activities, this set is called organisational data here. Finally, for projects 
portfolio level, it means following and monitoring the evolution projects (ongoing 
projects portfolio), which in general is integrated into the company’s operations 
and does not pose any problems. These three elements are grouped together in a set 
entitled “Enterprise monitoring and documentation”. Finally, continuity reflects 
the obvious fact that in order to evolve continuously, the enterprise must be able to 
evaluate itself continuously.

In conclusion, the approach proposed here leads to advocate a vision of the 
enterprise that takes its evolution in hand and that provides itself with the means 
to constantly learn about and evaluate itself. In this way, the evolution management 
participates to the development of learning organisations [39, 40].

Figure 10 summarises this vision and shows the main activities.
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5.3 Evolution management and continuous improvement

The evolution management system entails many aspects consolidating the PDCA 
approach, well known and used in large groups and even SMEs to sustain quality. 
Even though strategy, as quoted in section 5.1 is not obviously formalised by SMEs 
because of their dependencies to big groups, they often use and admit efficiency 
of PDCA vision or DMAIC (often tightly linked to project approach and can also 
be assimilated to PDCA cycle). Indeed, PDCA is the fundament of continuous 
improvement because of the value given to the “Act” step to ensure continuous 
action on systems to make a progress. In the vision presented here, the actions to 
carry out are in step “Act” of the PDCA but are no more only corrective actions 
after “Check” step. They represent also new proactive ideas and prospective plans 
to improve the whole existing projects system regarding the “output” and “knowl-
edge” got from ongoing projects portfolio and migration plan.

The evolution management reminds the importance for the company to continu-
ally formalise and display the targeted performances. The performance objectives 
are tightly linked to the defined “Strategy” that can be revealed in “Plan” step of 
PDCA. Updating with “performance targets” planned by company strategy is the 
potential inducer of “could be” situations.

Concerning migration plan, PDCA and Lean highlight that, whatever modelling 
approach considered, the “added value” is always the main concept to undertake 
to keep “efficient” model with the required added values processes, the expected 
relevant data, the prior decisions and the accurate organisations.

To model the current state (As-is), we should remind that the use of various 
instruments available to an analyst to build the model as consultation of docu-
ments, analysis of computer application screens, field observations and inter-
views are such many elements absolutely necessary to deal with “reliable” data. 
From Lean point of view, any process has to be produced respecting “Jidoka” 
notion which means ensuring the quality “at the source”. The current state  
modelling is critical step that should be made as reliable as possible to avoid 
wasting times and retro-corrective actions. The more the system is reliably 
represented the better the “could be” system can be achieved in good conditions. 
So Jidoka, principle coming from Lean management, is an efficient support for 
the organisational data sustainability.

Figure 10. 
The organisation of evolution in the self-evaluated, learning enterprise.
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Lean practices and Continuous improvement are indubitably the result of 
human forces, company strategy and collective efforts. By the way, the motiva-
tion and involvement of the team project evoked previously is an important part 
defended by Lean and continuous improvement. Then, evolution management, 
if well described and explained to the team, is significantly able to strengthen the 
“Do” step of PDCA.

6. Conclusions

The approach presented here aims at repositioning the enterprise modelling 
approach in the context of continuous evolution, better able to respond to a turbu-
lent economic environment.

Within this framework, it emerges that many tools and approaches are involved 
in the reengineering and improvement of companies: strategy, performance 
measurement, modelling, projects and the whole toolbox of Lean Management and 
continuous improvement. The approach presented here is an opportunity to bring 
these approaches closer together: strategy and performance measurement at the top 
level, Lean models and tools at the central level and projects at the operational level.

The ultimate goal is to take advantage of the benefits of all these approaches. For 
example, Lean insists on short projects, anchored in practice and part of a continu-
ous improvement; enterprise modelling allows to document the company, to share 
knowledge and to propose a systemic vision.

Finally, the approach proposed here opens important perspectives concerning 
the integration of enterprise reengineering approaches.

© 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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Chapter 8

Single Minute Exchange of 
Dies: Classical Tool of Lean 
Manufacturing
Yash Dave

Abstract

Effective utilization of the resources is the need of an hour particularly when 
it comes to the manufacturing industry. It is having a paramount importance to 
have a proper utilization of the resources, on the same line in any manufacturing 
industries to reduce the setup time is also one of the ways to do so. Single Minute 
Exchange of Dies (SMED) is one of the classical method which is normally used 
to reduce the setup time. In this technique complete videography of the existing 
changeover is done and then by analyzing it waste activities identified and other 
improvement plant has been done in each iteration. The chapter also showcases the 
SMED technique applications in a gear industry. Remarkable resources and results 
have been achieved through the implementation of classical tool of Lean manufac-
turing is made.

Keywords: SMED, rapid change over, waste reduction, lean tool

1. Introduction to SMED

Modern Times every manufacturer wants to produce product in various variet-
ies. This can only be accomplished when we have a shorter setup times in order to 
change the product from one variety to another. SMED means no setup time should 
be more than nine minutes. SMED is a systematic procedure to reduce setup time by 
eliminating waste.

2. History of SMED

It is a special technique of a Lean manufacturing system. It is also an integral 
part of Toyota production system. It is basically devised by the Shingo. Normally 
the setup time in the industries at very high and this creates a major obstacle in 
order to do the rapid change over. This can be easily and effectively compensated 
by SMED initially owner at Toyota able to reduce the setup time from 24 hours 
to few minutes. SMED is also considered as one of the tool to increase the flex-
ibility. Shingo shows that this method can be applied to any type of industries. 
In order to provide the elements it details documentation procedure Shingo has 
written a classical book “A Revolution in Manufacturing: The SMED System”. It 
is one of the first and most valuable resources available on the SMED. In India 
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also, the application of SMED in all types of industries have been reported in 
academic literature [1]. Discussed the SMED methodology in garment manu-
facturing industry and reported considerable reduction in delay arising out of 
machine setting time, batch setting time and demonstration delay [2]. Presented 
the SMED application in automobile industry and reported that changeover time 
was reduced to 24.5% and considerable improvement in the productivity [3]. 
Showcased the experimental work carried out at automobile industry, located 
in Maharashtra, India. Implementation of SMED tool resulted in reduction of 
setup time by 82.44% and tool change time by 44.21%. This helped to produce 
additional 23 jobs/shift with same input [4]. Implemented the SMED tool and 
reported the significant savings with minimum investment and also highlighted 
the importance of safety and ergonomic factors during die exchange [5]. 
Presented a case study of the application of SMED in medicinal product based 
industry and reported remarkable achievement in the form of ability to reduce 
the batch size which can compensate the market demand fluctuations and also 
able to reduce the storage of medicinal products that are very closely related to 
expiration time (expired time).

3. SMED terms and its elements

Following are the most commonly terms associated with the SMED nomen-
clature. Basic elements of the entire SMED system have also been shown in 
Figures 1, 2 and 3:

• Changeover: The process of switching from the production of one particular 
product or model to another on a machine.

Figure 1. 
Different waste in setup Operations.
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• Downtime: Production time lost due to unwanted stoppages.

• External Setup activities: Those activities or tasks which can be done while the 
machine is still running are known as external setup activities.

• Internal Setup activities: Those activities or tasks which can be done while the 
machine is shut down are known as internal setup activities.

Figure 2. 
Basic SMED elements (1).

Figure 3. 
Basic SMED elements (2).



Lean Manufacturing

120

• Non-Value Added Activities: The resource consumed on activities that add 
costs but no value to an item from the customer’s perspective. These activities 
are known as non-value added activities.

• Shigeo Shingo: Toyota person who has dedicated himself in evolving the 
detailed procedure and aspects of SMED.

• Waste: Any activity that consumes resources but creates no value for the 
customer is known as waste.

• 5S: A basic lean tool which is primarily the collection of five Japanese language 
words used for improving productivity in any organization and industry

4. SMED methodology

The entire methodology and step by step procedure of the SMED technique has 
been shown in Figure 4. It is primarily consists of the following steps:

4.1 Observe the current methodology (changeover)

In this step the entire existing changeover procedure is recorded through 
video camera

4.2 Separate the internal and external activities

In this step the complete changeover is analyzed frame by frame by the entire 
SMED team members and all the activities is separated in to three categories namely 
internal activities, external activities and waste activities.

Figure 4. 
SMED methodology.
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4.3 Convert (where possible) internal activities into external ones

After segregation of the activities, SMED team converts as possible as internal 
activities in to external activities by implementing the rigid improvement plan and 
kaizen activities

4.4 Training to all operators

If any improvement plan requires the change in working of the operator’s 
method then it is most important to impart the rigorous training of the change 
procedure to the entire operator team not only to teach them about the new proce-
dure but also to inculcate the trust among them about the new changed procedure.

4.5 Do it all again

As the concept of SMED tells us to achieve the setup time in single digit minute 
time but in practical conditions it is not possible to achieve this goal in single itera-
tion. It needs lots of iteration in order to achieve the goal. So it is always required 
that keep doing the entire procedure until and unless goal is achieved.

4.6 Set new standards

After everyiteration, new standard should be setup by the team and it should 
also be treated as benchmark in order to haveworld class manufacturing level

5. Example of SMED technique application

The implementation of the SMED technique is little bit complicated but it can 
be implemented effectively if structured methodology is adopted. In this example 
SMED methodology is applied at the gear manufacturing unit for reducing setup 
time of shaving machine of a Gear company cell producing a large diameter gears 
(Figure 5) and following steps are followed:

5.1 Understanding the current situation

The current situation and layout of the gear manufacturing cell is shown in 
Figure 5. Here in this step the complete videography of the changeover procedure 
of a set up time of shaving machine is done and by watching and analyzing the 
videography of the changeover procedure the changeover sheet has been prepared 
as shown in Table 1.

5.2 Identification of waste or abnormalities

As shown in the Table 2 there is lot of waste activities in the complete setup proce-
dure of the shaving machine. Total time consumed by the waste activities is 44 min-
utes approximately. In first iteration itself, all the waste activities are eliminated.

5.3 Analysis of the causes

On analyzing the complete changeover sheet and various brainstorming ses-
sion with all stakeholders are organized. Following prominent causes which were 
surfaced during this exercise was as follows (Figure 6).
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i. Training of set up change procedure was not given properly to the setup 
personnel and there were no Master personnel of setup for particularly 
Shaving Machine.

ii. 5S of setup trolley is not properly organized.

iii. Lot of time is being wasted due to lead andprofile (L & P) is not ok at the 
first time itself.

To analyze the cause of Lead and Profile problem more deeply, a detailed study 
has beencarried out to find the root cause of the problem which is shown in the 
Figure 7.

5.4 Improvement plan and implementation

After finding the root cause of all waste activities found in first iteration a time 
bound improvement plan has been made and all the improvement has been made as 
per the plan which is shown in Figure 8.

5.5 Result and Kaizen done in first iteration

In this way all the wasteactivities which has found in first iteration completely 
eliminated. The major result achieved by this exercise is that by eliminating all 
waste activities which are acting as a hindrance to convert the internal activities in 
to the external activities can now be taken up in second iteration. By doing the first 
iteration of the reducing set up time cycle the total 44 minutes have been saved.

Kaizen done: In this complete exercise following kaizen has been done which is 
listed as follows: Kaizen 1: As shown in Figure 7, cutter head angle is the responsible 
factor for wrong lead profile because during setup (first iteration) it was wrongly set 
as per the requirement to suit the shaving cutter. To solve this issue Cutter head angle 
is made mandatory check point in the standard operating procedure.

Figure 5. 
Outline of process and equipment.
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Kaizen 2: As shown in Figure 7, the poor operator skill of setup change proce-
dure is responsible factor for the cause of this Kaizen. To solve this issue following 
improvement activities has been done:

a. One operator is made in charge of setup changeover and he has been given 
rigorous training for standardized operating procedure for the setup changeo-
ver and provided with written documents.

Figure 6. 
Major causes of high setup time.

Figure 7. 
Analysis of the major causes.

Activity No. Waste Activities Time in Sec (2650 Sec)

3 Cleaning cutter housing face 15

16 Checking component centre 32

17 Setting depth for 0809 76

19 Increasing carrier height 127

22 Component stuck while unloading 174

27 Lifting table for L&P correction 141

28 Cycle ON Idle 140

29 Cycle ON with component 61

30 Given to std. room for L&P checking (L&P not OK) 1152

31 Setting helix angle lead correction 247

32 Cycle ON Idle 56

33 Cycle ON with component 51

34 Given to std. room for L&P checking (L&P OK) 378

Table 2. 
Identified waste activities.
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b. In charge of setup changeover has been provided with a complete Setup trolley 
with rearranged 5S.

c. A skill matrix is being developed for each operator so that each operator of the 
cell would be capable to perform setup changeover as per the standard operat-
ing procedure.

6. Conclusion

In true sense, SMED is a classical tool of lean manufacturing. As described above 
there are some apparent benefits for any industry by implementing a SMED tool.

1. It automatically creates lot of extra capacity in any sale our industry this pro-
vides a platform for any industry to produce more items that means effective 
utilization of resources.

2. Since during implementation of SMED always a restricted procedure is ad-
opted and that creates a trust building even among operators and workers.

3. Since the “5S” methodology is the basis for any lean tool implementation and 
SMED demand high level of 5S implementation. In this way it provides plat-
form for any industry to adopt other advance lean tools such as Kanban, Value 
Stream Mapping etc.

In this way SMED is used for not only setup time reduction but also having 
secondary benefits as mentioned above. SMED is more powerful if any industry 
and applies it with the integration of other lean tools.

Figure 8. 
Improvement plan and its implementation.
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Chapter 9

Lean Manufacturing as a Strategy 
for Continuous Improvement in 
Organizations
María Marcela Solís-Quinteros, Carolina Zayas-Márquez, 
Luis Alfredo Ávila-López and Teresa Carrillo-Gutirrez

Abstract

The implementation of lean manufacturing is one of the most discussed and 
studied topics in management; references are at the business, educational and 
public levels. However, the changes faced in the fourth industrial revolution gener-
ate challenges that will only encounter solution through innovative efforts and 
industrial improvements as well as a radical change in our way of interacting. In the 
current revolution, there are digital changes that cause ruptures in social, economic 
and political aspects, and the administrative process is part of it, this chapter 
proposes to analyze the implementation of lean manufacturing in the process of 
continuous improvement in business organizations through a literary review of the 
implementation of tools.

Keywords: continuous improvement, industrial revolution, digital, lean tools,  
high quality, globalization

1. Introduction

Despite being in many fields, organizations continue to be the spearhead in the 
innovation process. In the competition to produce high quality, low cost products, 
industries want to be more agile and faster. The environment of modernity forces 
companies to compete in markets outside their national borders, it is itself part of 
globalization, which as we know has played a very important role in the develop-
ment of international finance. Multinational companies have managed to position 
themselves as one of the engines of the economy, coexisting in complex and hetero-
geneous environments.

In the search for quality, there is a fierce competition of globalization; organiza-
tions have invested in the development of knowledge and technology, improving 
already established processes. However, progress has not been homogeneous in 
all areas.

Lean manufacturing implementation is more important in some areas, as 
different tools are used to benefit the company and its employees. Some of the 
benefits include: reduction in production costs, reduction of inventories, reduction 
of delivery time (lead time), better quality, less labor, greater equipment efficiency, 
reduction of waste, overproduction, time of waiting (delays), transportation, 
inventories, movements, poor quality, among others.
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2. Origins of lean manufacturing

Lean Manufacturing has its roots in the Toyota Production System originated 
at Toyota Motor Company by Taiichi Ohno and Shigeo Shingo [1]. It focuses on 
developing high quality, low cost products using less time, less space, fewer  
workers, and fewer tools.

After the First World War, Henry Ford and Alfred Sloan (General Motors) 
changed artisan manufacturing – used for centuries and directed by European 
companies– for mass manufacturing. Largely as a result, the United States soon 
dominated the world economy [2].

In 1950 Eiji Toyoda visited Ford’s Rouge plant in Detroit for three months, an 
uncle had visited it in 1929. The Toyota Motor Company was founded in 1937. In 
1950, after 13 years of work and effort they produced 2,685 automobiles, compared 
with the 7,000 they produced daily.

According to [3] Toyota’s way of achieving a “lean” approach was to eliminate 
all waste, that is, activities that do not add value to the product from the customer’s 
point of view. This allows reducing costs and increasing productivity. However, 
waste disposal is not enough because it requires a context and a culture, known and 
understood by all stakeholders (senior management, collaborators and suppliers). 
The Toyota way in a model is in a pyramid representing Toyota culture from top to 
bottom. This is the 4P model: 1) a philosophy of long-term thinking; 2) continuous 
process improvement to eliminate waste; 3) People and partners respect, challenge 
and grow; 4) Problem solving through continuous improvement and learning.

To locate the origin of the word lean, it is necessary to name JP Womack, and 
Daniel Jones, two researchers from the United States and from England, respec-
tively, who are referents in this matter, through their work entitled “Lean Thinking” 
managed to concentrate the fundamentals of thought ‘lean’ and the concept of 
waste (‘muda’). They also managed to perfect the concepts of value stream, flow, 
pull, among others.

Currently, a company that does not consider the implementation of this system 
is not in a position to compete in the world, since it will be absent from aspects such 
as the quality of products and services, reduction of operating costs and the subse-
quent increase in sales. However, to find the right tool it is necessary to carry out a 
detailed analysis of the company’s conditions.

It can be said that this system places a company as a world-class one, since it 
carries out procedures that guarantee productivity, efficiency and the quality of 
products and services. In addition, several previous works confirm the benefits of 
implementing this system.

In the study [4] many factories reported positive results with the implementa-
tion of lean manufacturing. Some of these benefits are improved quality, high 
inventory turnover, and productivity increases. All these benefits lead to greater 
customer satisfaction and loyalty, and higher profits, in addition [5] comments that 
one of the most important criteria of this system is to get rid of unnecessary issues 
in manufacturing that do not add value to the product.

We observe in [6] the current situation in the implementation of lean practices 
in manufacturing plants in India and its impact on operational performance. The 
study was conducted by applying a questionnaire to 79 plants in different regions 
from India. Lean manufacturing is a multidimensional construct, finding that 80% 
of the plants have implemented various dimensions of lean manufacturing; such 
as focus on the needs of the customer, pulled production systems, reduction of 
exchange time of molds (SMED), total productive maintenance (TPM), relation-
ship with suppliers, statistical control of processes and inclusive problem solving. 
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It was also found that productivity, quality at first intention, reduced delivery time 
and inventories, as well as occupied space, in summary, respondents stated that 
quality at first intention, reduction of time delivery and increased productivity are 
the top three drivers of lean adoption in that context.

Finally [2] finds that the constructs of lean, sustainable manufacturing and 
continuous improvement have a direct, relevant, positive and statistically signifi-
cant impact on the dependent construct.

3. Lean manufacturing challenges

The fourth industrial revolution or revolution 4.0 is the product of the innova-
tive efforts of the previous revolutions. Without a doubt, this phenomenon not only 
generated industrial improvements but also changes in the way of interacting with 
each other. Series production, electricity, transportation, are just a few examples 
of progress. In the current revolution, digital changes arise that cause ruptures in 
social, economic and political aspects, and in this sense, the administrative process 
is part of it.

In light of the technological developments associated with the revolution 4.0, 
the relationship between lean manufacturing and technology has once again 
become an area of   research interest [7, 8].

The fourth industrial revolution promises to change the manufacturing land-
scape, and those who cannot take advantage of new technology-induced opportuni-
ties are destined to lag behind their competitors. An important area to investigate is 
the role that lean manufacturing will play in this new industrial age [7].

Lean manufacturing as a system is possible with various subsystems (tools), 
which are used to reduce and eliminate waste in companies. The right tools that help 
to eliminate all the waste and all the operations that do not add value to the product 
or to the processes, is the last aim of this system.

The challenges of lean manufacturing, especially in small and medium-sized 
companies have to influence the integration of the lean culture within their vision, 
develop leadership based on that culture. It is necessary to deploy that culture to 
everyone in the organization; involve the entire management team; have well-
defined plans; know very well what processes contribute and which ones do not add 
value; and finally make this culture your day to day.

Below we give an account of the identification tools used in this system and we 
delve into the innovation of manufacturing, ending our analysis with the culture of 
quality.

The production systems related to a product or service must be analyzed under 
the approach of a value chain, which implies showing all the related activities to 
identify those activities that do not add value and that are classified as waste accord-
ing to the manufacturing philosophy. Lean, which provides us with a series of tools 
that must be carefully selected to apply the most appropriate to eliminate waste and 
improve flow, as well as productivity in these production systems [9].

4.  Importance of sorting waste according to the lean manufacturing 
philosophy

It is essential to know the types of waste that lean manufacturing proposes, 
also known as “Muda” due to its origin in Japan in the Toyota production  
system. Waste is anything that is not absolutely essential for production. Lean 
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Manufacturing identifies the following seven types of waste that must be  
eliminated in a production system [10].

Overproduction. Process items earlier or in greater quantity than required by 
the customer.

Wait time. Products or goods that are not being transported or in the manufac-
turing process are on hold.

Transport. The handling and transfer of materials or documents that do not add 
value are considered wasteful.

Inventory. Excessive storage of raw material, product in process and finished 
product.

Over-Processing. It is about adding unnecessary steps in work activities and not 
required by the client.

Movement. Any movement that the operator makes apart from generating 
added value to the product or service.

Defects in the process. Repetition or correction of processes also includes 
rework on non-conforming products or products returned by the customer.

Once the activities of the process where some type of waste is being gener-
ated have been classified, it is necessary that all the employees of the organization 
participate by undertaking specific actions for the elimination, for which the 
managers must promote an environment that promotes the generation of ideas 
and the continuous elimination of waste. In addition, it is important to train in the 
different tools, techniques and methodologies that lean manufacturing relies on and 
to establish a deadline to verify the results.

It is necessary to note that the full identification and elimination of waste has 
become a pillar for companies, when deciding absolutely on the use, investment 
and management of their resources, which is essential to find opportunities for 
improvement in the organization and achieve greater process efficiency [11].

5. Top lean manufacturing tools

The lean manufacturing tools that are mostly used in the industrial sector to 
increase productivity are the following: [12].

5S is a tool focused on working with effectiveness, organization and standard-
ization. It is used to improve work conditions, through the organization, classifica-
tion, cleanliness and order in the workplace. It seeks to establish a pleasant and 
high-performance work environment that allows the correct performance of daily 
operations [13].

According to [14], Kaizen is a Japanese word that means continuous improve-
ment and presents a methodology to improve any production process through the 
implementation of different techniques, tools and methods, in addition to promot-
ing a cultural change, teamwork, skills development and initiative to identify root 
causes of problems.

Poka Yoke seeks to prevent the production of defects caused by humans when 
they make mistakes in their workplace, blocking or stopping the process in case of 
failure [15].

Andón is the signal system that allows showing the state in which the machine is 
(running, stopped, stuck, etc.) [15].

SMED Single-Minute Exchange of Dies Set of techniques that seek to reduce 
machine setup times, Standardization through the installation of new mechanisms, 
templates and functional anchors, eliminates downtime adjustments [15].

TPM Total Productive Maintenance Set of techniques aimed at eliminating 
breakdowns through the participation and motivation of all employees, maximizing 
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effectiveness and lengthening the life of the equipment and preventing losses in 
operations [16].

Kanban is a tool that helps to improve the production flow in a line through 
“labels”, which serves as a “work order, informs in a timely manner what is 
going to be produced, in what quantity, by what means, and in what will be 
transported.

Jidoka Technique based on the incorporation of systems and devices that give 
machines the ability to detect failure in production.

Heijunka is key to achieving flow and leveling in production, the purpose is to 
level the production schedule by sequencing the orders according to a repetitive 
pattern that makes the average daily production similar between the different days 
of the week [16].

MUDA type Lean Manufacturing Tool

Overproduction • Kaizen (improvement event, work teams)

• VSM (mapping of cycle times in production processes)

• Heijunka (level production)

• SMED (reduce setup times)

Timeouts • Kaizen (application of the methodology for the proposal to reduce waiting 
times in the value chain)

• VSM (identify and adjust lead times in production)

• SMED (reduce waiting times in machine preparation)

• Jidoka (automation with presence)

Transport • Kaizen (continuous focus on improvement and improvement of logistics 
processes)

• VSM (identification of transports in the different stages of the process)

Inventory • Just in time (eliminate all inventory that represents waste in purchasing, 
manufacturing, distribution activities)

• VSM (transfer of raw materials and finished product. From supplier to plant 
or from plant to customer.

• Andon system (visual control of inventory levels)

• Kaizen (kaizen event to improve inventory system)

• Kanban (level the flow of materials)

Over-processing • Kaizen (kaizen event to eliminate unnecessary steps in work activities)

• VSM (process mapping to identify activities that do not add value from the 
customer’s point of view)

Unnecessary 
movements

• 5 s (organize work so that unnecessary movement is minimized, ensures work 
areas are consistently clean and organized)

• VSM (identify on the map the movements that are found and that do not add 
value to the client)

Defects • Poka-Yoke (Anti-error system)

• Jidoka (automation with people control)

• Kaizen (continuous improvement proposal)

• VSM (value chain mapping to identify defects)

• Kanban, 5 s and Andon System (Visual control)

• TPM (preventive maintenance plans)

Table 1. 
Lean manufacturing tools for Mudas removal.
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JIT Just in time. This system consists of getting the parts necessary for assembly 
to the line at the right time they are needed and in the right amount required.

VSM Value Stream Map is important to manage the entire value stream for each 
product, in order to understand where waste occurs, rather than looking at activities 
or processes in isolation. Therefore, a value flow map must be created where each of 
the actions required to design and manufacture a specific product is clearly identified.

Activities that create value from the customer’s point of view; as well as those 
activities that do not create value from the customer’s point of view, cannot be 
eliminated. They can be improved in order to reduce the time that they are given, 
and finally the activities that do not create value from the customer’s point of view, 
and that are unnecessary, and these can be eliminated immediately [17].

The implementation of quality tools in a lean production system is strongly 
linked to common sense, and that is why adequate preparation in the organizational 
culture must be required, where both managers and employees have the commit-
ment to change their traditional ways of thinking and working [18].

If there is not clear identification of the different quality tools that are applicable 
for the elimination of the different wastes, then no efforts aimed at improving the 
production processes will have the expected impact. That is why as a contribution 
to this work, Table 1 shows the different changes and the lean tools that may be 
appropriate to solve these problems were identified.

6.  Three IT (information technology) innovation trends impacting lean 
manufacturing

According to [19] one of the industries with the greatest global impact is the 
manufacturing industry, in which there is high competition worldwide. Therefore, 
he recommends that companies become aware of the transformation they must have 
in three areas: Internet of things (IoT), Smart factory and Personnel management.

6.1 Internet of Things (IoT)

Within the manufacturing sector, identification devices such as RFID (Radio 
Frequency Identification) or RTLS (Real Time Location System) are key to  
optimizing and planning process automation [19].

6.2 Smart factory

More and more companies are interested in adopting digital approaches in their 
processes to optimize costs and times. One of the great transformers in the sector 
is business software that integrates processes, since they help improve the profit 
margin or reduce machine downtime. An example is ERPs (enterprise resource 
planning system), which benefit the generation of proactive analysis, the reduction 
of errors or the monitoring of payments and collections [19].

In Mexico, 5S’s application software was for MSMEs with the aim of being an 
engine of change towards continuous improvement [20]. Transforming the way 
of carrying out day-to-day operations in the MSME field is the innovative con-
tribution that is intended to achieve it with the development of a 5S’s application 
software. An improvement to the software is considered by adding four more S’s, 
Shikari, Shitsukoku, Seishoo and Seido (Constancy, Commitment, Coordination 
and unification through standards); that is, implement up to 9S’s in companies. 
Likewise, the 5 W (5 why), poka yoke and visual control tools can be developed 
in the same software.
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The implementation of the 5S tool in all SMEs, aims to eliminate waste and ensure 
a clean and orderly work environment. The results of the application of this lean tool 
in SMEs are immediate, the result is a great visual impact, avoiding customer com-
plaints, improving staff participation and improving process efficiency [21–23].

6.3 Personnel management

The manufacturing industry is one of the most questioned when it comes to staff 
turnover. The sector must be more sensitive to the importance of retaining the best-
qualified workers because their potential generates greater competitiveness. It invests 
in the training, promotion and well-being of workers. It also detects areas of oppor-
tunity and improvement in the functions they perform within the organization [19].

According to [24] successful innovation requires a strategic and tactical deploy-
ment in the organization, integrating the commitment, resources, capabilities, and 
joint efforts of the different dependencies of the company, from senior manage-
ment to operators. This includes engineering, research and development (R&D), 
production, marketing, merchandising, finance, human resources, and other 
functions.

In the context of lean manufacturing and its multiple tools, continuous improve-
ment is immersed (Table 2). This is a key element in quality standards and processes. 
Currently in the quality culture of companies, the main standard is precisely con-
tinuous improvement, whose philosophy has permeated in various sectors around 
the world. A typical example is the Japanese companies, which lead the application 
of the tools of lean manufacturing, quality management and continuous improve-
ment. This work methodology is about the Toyota Company, which is currently a 

Tool Basic purpose Preliminary 
targeting

Method

Strategic tools Strategic innovation tools 
are mechanisms that the 
company uses to analyze 
its internal resources and 
capabilities and external 
threats and opportunities.

Company 
strategy, useful 
for the entire 
organization. You 
get a SWOT of it.

A matrix is completed that 
gathers the characteristics 
of the organization 
and the behavior of the 
environment for the 
businesses developed.

Creativity They are mechanisms 
that the company uses to 
promote creativity and 
promote the flow of ideas. 
Creativity is used either 
for the search for creative 
solutions or for the design of 
new products.

All the company. Carry out a creativity 
session through 
brainstorming.

Technological 
surveillance

Know the main trends 
in the environment and 
technological leaders, in 
order to make decisions.

Company 
strategy, useful 
for the entire 
organization.

Databases or patents 
are analyzed and 
processed and in the 
end a technological map 
with different clusters is 
obtained.

Organizational 
capabilities 
analysis

Know how the organization’s 
capacities are in innovation, 
external and internal, to 
take improvement measures.

Company 
strategy, useful 
for the entire 
organization.

Apply a questionnaire and 
in the end different graphs 
are obtained where the 
capacities are measured.

Table 2. 
Tools related to innovation.
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model to follow in lean manufacturing since it achieved a balance in the combina-
tion of strategy design and operational excellence.

Some of the tools mostly used in companies, aimed at the operational area are 5 s 
(Seiri, Seiton, Seiso, Seiketsu, Shitsuke), which is applied in companies basically to 
avoid waste, improve performance and efficiency and thereby improve productiv-
ity in the workplace. SMED (Single Minute Exchange of Die), its usefulness in the 
processes is to reduce the change time and increase the reliability of the change 
process itself. TPM (Total Productive Maintenance), focuses on managing the 
maintenance of the company in order to maintain zero failures, here all personnel 
and all phases of the production process are involved. Kanban serves to identify the 
material requirements made in the production process [25].

JIT (Just In Time) tools, which originated with the purpose of eliminating inven-
tory, are also widely used, in addition to other diagnostic and monitoring tools, 
automatic stops, takt time, level production etc. These tools originally created in 
the Japanese automotive industry, with a notable deployment to other sectors of the 
maquiladora industry, but especially in other areas and in small or medium-sized 
companies around the world.

In summary, lean manufacturing has triggered a series of steps that allow a 
true adherence to excellence, among these steps is continuous improvement, the 
objective of which is to achieve standards and good quality management. In this 
sense [26] mention that the starting point for companies is to have an organization 
focused on the client, understand current and future needs and try to satisfy them. 
Another essential aspect is having excellent leadership through which the staff is 
involved and thereby enhances the participation of different levels and areas of the 
company, which translates into a high level of commitment.

In the culture of quality, emphasis is on the focus on systematized processes 
directed towards quality management. These aspects result in a constant evolution 
towards quality and lead to efficient decision making that benefits both the forward 
processes, that is, with the client; as backwards, that is to say with the providers; 
thus achieving a convergence in all the processes involved.

Historically, there have been great companies and brands that have made revolu-
tionary contributions to quality. Proof of this is undoubtedly Ford Motor Company, 
American Telephone & Telegraph and Western Electric, whose processes initiated 
the implementation of quality criteria in various areas, not only in production. 
On this same subject, the participation of Japanese companies has been more than 
relevant, since in addition to Toyota, “Company Wide Quality Control” was created, 
which involves all the resources and processes existing in the company, thus achiev-
ing what is called “total quality” [27].

On the other hand, in Europe there is the “European Foundation For Quality 
Management” that synthesizes its quality model in the satisfaction of customers 
and employees through leadership that promotes policies and strategies of the 
organization. Along with an adequate implementation of the resources and above 
all a perfect management of the most important processes in the organization to 
obtain excellence in results [28].

As for the Latin American region, there are also records of the implementation 
of lean manufacturing tools as a strategy for achieving quality. In the study [29] 
analyzed Mexican and Colombian companies, and applied an instrument where 
they were asked, among other things, how often they use tools for quality manage-
ment. The responses showed a clear trend towards use in managerial positions and 
from middle to senior management onwards. What is interesting about this analysis 
is that it focused on small and medium-sized companies, which makes it clear that 
the culture of quality has permeated not only in various areas, but also in companies 
from different sectors.
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In summary, lean manufacturing provides great benefits to companies by 
eliminating waste, processes that do not generate value and that make administra-
tion bureaucratic and expensive. The new projects seek to be born in the context 
of continuous improvement and quality culture, and on the other hand, existing 
companies make great efforts to incorporate these work methodologies, seeking as 
their main purpose the reduction of operating costs.

It is clear that the adoption of lean manufacturing is on the way towards effi-
ciency in the processes of the main line of business of companies. It is evidently 
focused on permeating the organizational culture in order to transform the compet-
itiveness of the company; and thus be more attractive to shareholders, employees, 
suppliers and customers. Every time of a demand of better conditions not only in 
the products, but also in the prices, response times of the company, the commit-
ment that it shows on social responsibility and environmental responsibility; and in 
general in the image that is projected towards the market [30].

For companies to have the ability to respond to the new and increasingly 
demanding market requirements, the decision to adopt the culture of quality is 
necessary first. It corresponds to managers or owners of the companies, probably 
encouraged by the workers themselves who are in the operational area and know 
and experience the problems that carry out their work in a daily way.

A part of special importance in such a large organizational change is to establish, 
provide and promote the appropriate conditions for the development of this type 
of project. Carrying out an organizational transformation entails re-educating all 
the parties involved. From suppliers, at the time they are requested to implement 
computer systems that make deliveries just in time and without defects, through 
production that must focus on zero errors, zero waste and zero delays, encourag-
ing real production cost calculations and exact, documentation, improvement and 
control of each of the processes, as well as efficient and effective management of 
resources. All the departments that together make up the company must also be 
involved, that is; continuous improvement and lean manufacturing must permeate 
the entire organization.

These business transformations must emerge from the organizational culture 
itself, it does not mean a change of personnel to generate new uses and customs, but 
an evolution in the way in which business processes are carried out, trying to reduce 
the maximum movements and the number of processes and transactions carried 
out to achieve production.

Among the main elements of the culture of quality, it is suggested to bear in 
mind that perfection does not exist; however, processes can work in a harmonious, 
uninterrupted way and with immediate error detection to avoid waste and rework. 
It is important to have an open mind that socializes the information openly, and 
above all to talk and share problems as well as opportunities for improvement, 
for example holding kaizen events where problems are analyzed to obtain holistic 
resolutions that involve the entire company.

Another essential aspect in the culture of continuous improvement is to instruct 
workers to maintain a dynamic based on learning, which is also systematized and is 
not linked especially to one person, but to the work team in general. This is impor-
tant given that when a problem is studied and all parties participate, each depart-
ment exposes its intervention in the analyzed process and the way in which they can 
intercede to improve and at the same time reduce the amount of processes, costs, 
and waste that were generated.

Once this open culture is established, the next level is to encourage accompani-
ment to support people in the development of their processes, and remain receptive 
to the emergence of new ways of doing things, accept, adopt and adapt changes that 
generate added value, lower costs and provide greater agility in deliveries. It should 
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not be forgotten that in lean manufacturing there are four important parts that must 
be coordinated to achieve perfection in the systems. According to [31] the starting 
point is the design and engineering of the product, the supply chain, the demand 
and the customer.

The design is based on teamwork made up of members who come from differ-
ent departments, with experienced leaders who encourage effective and respectful 
communication, where all participants must express acceptance of the decisions 
made, with the aim of that differences and conflicts are exposed at the beginning of 
the projects and not afterwards.

On the other hand, companies require excellent coordination in the supply chain 
to have access to good quality materials, with fair prices and in a timely manner. In 
the lean philosophy, functional levels are proposed and each of them has its own 
responsibilities. The first level is the integral part of the design and development of 
a new product. The second level is where the necessary parts are supplied. It should 
be borne in mind that lean manufacturing considers the customer first as the guid-
ing principle of what to do. Therefore, companies must adapt to the market and the 
constant transformation of demand.

It is worth mentioning that every day the market and with it the demand, tastes 
and preferences of consumers continue to globalize. This fact has led small compa-
nies to incorporate lean manufacturing practices since to be part of the global value 
chains of the production systems of large companies (transnational, multinational, 
international and global), the main requirement is the management of quality 
demonstrated from production under standardization.

In this increasing integration, it is impossible to go back and regionalize produc-
tion since supply chains are interconnected globally, which means that production is 
also global. In this sense, it is urgent, especially for micro, small and medium-sized 
companies, to join what has also been called the Toyota house, whose main objective 
is excellence in operations [32].

The key piece of this transformation is undoubtedly a human talent that enjoys 
commitment, academic training, professional experience, communication and 
leadership skills and with sufficient motivation to direct their efforts towards the 
realization of stable and standardized processes that result in a level production, 
always working under the motto of continuous improvement.

7. Conclusions

This chapter reviewed the application and integration of lean manufacturing 
tools in a current perspective, emphasizing the continuous improvement, detailed 
analysis of the current state of the process, and identification of a reliable starting 
point; in addition to the commitment of employees and management in the stages 
of planning, monitoring and taking actions.

Finally, it becomes clear that lean manufacturing increases quality and produc-
tivity in companies by reducing waste and therefore production costs; adapting 
favorably to the different innovation systems that are required today; and it enables 
the establishment of a continuous improvement work methodology that invites the 
constant review of processes and consequently the culture of change and quality 
within companies.
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Chapter 10

Development of Integrated Lean
Six Sigma-Baldrige Framework for
Manufacturing Waste
Minimization: A Case of NAS
Foods Plc
Kassu Jilcha Sileyew and Selamawit Gebreyohanis

Abstract

The aim of this study objective is to develop an integrated constant quality
improvement model so as to minimize unwanted biscuit processing industry
wastes. The method used was lean- six- sigma elements to define measure and
improve unwanted process company wastes. In other word, Baldrige with six-sigma
were created to define, measure and improve management perspectives. The tasks
were integrated using both quantitative and qualitative analyzing tools
implementing mixed strategies. The result was improved by using FMEA analysis
was carried out at each stage of the existing process used to determine the failure of
the process and to analyses and improve the production quality. The SPSS software
was also used. In the finding section, the correlation and regression analysis has
shown that there is strong relationship between each variance. There are different
wastes that identified in six sigma (DMAIC) on NAS food Plc as a result; the value
of waste ratio indicated is 36.7%. This show non-lean of the food industry is prac-
ticed. The defect of the company also calculated and defect per million are 67,308.
This shows that the biscuit production has a production capability with a failure of
67,308 every 1000,000 productions it high failure rate. The contribution of the
paper has indicated that there are limited studies were conducted so far to
implement waste minimization tools like six-sigma, lean and MBNQA framework
approach integration for food processing industry.

Keywords: waste, lean, DAMIC, CQI, MBNQA

1. Introduction

Companies are more competitive in current globalization and every detail is
important for the business that wants to improve its competiveness. Since it is not a
surprise, the best continuous improvement strategies that could be developed for
manufacturing industries provide to improve efficiency and effectiveness of whole
systems. Though, automating production and improving process efficiency are two
major objectives of the food industry worldwide. Since, implementing advanced
continues an improvement strategy in the modern manufacturing provides to
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improve the performance of the process, reduce waste and ensure on time delivery
of the sectors [1]. Because of the continuous improvement is a management philos-
ophy that approaches to tackle the challenge of product and increase process
improvement [2]. Thus, from numerous tools firms were invested to implement
lean, six-sigma, TQM and JIT strategies in their business process so as to enhance
performance and compete at global levels [3]. Though the lean principle provides to
identifying and eliminating non value add (wastes) through continuous improve-
ment tools, flowing the product at the pull of the customer in pursuit of perfection
[4]. Since due to comprise on quality development, process focus, continuous
improvement and value stream management and worker empowerment future
several companies invest in the implementation lean principles [3]. While six sigma
is a really effective tool for systematically attacking the highest priority production
and support functional problems within an organization [4]. Hence, six sigma is
statistical measure of defect rate within a system and the practice requires the
knowledge of basic and advanced statistical tools so as to reduce defects and varia-
tions within a work process in firm. But the main limitations are six sigma not
effective for every problem reduction in the firms [5]. Baldrige national quality
award (MBNQA) for helping excellence ever, improving value to marketplace
success, improvement of overall organizational effectiveness and capabilities, orga-
nizational and personal learning. Though from the above observe that a single
improvement tools lacks to coherence to tackle the whole problems of the
manufacturing firms. Single tools have good potential to tackle specific problems.
Even though, an integrated continuous improvement strategies and methods have
great power to improve the performance and the competitiveness of the firms [6].
As long as fewer studies were investigate to implements the integration of lean with
six sigma, lean with TQM strategies in the firm so as to improve the performance
and global Competitiveness [4]. Therefore integrating three or more continuous
improvement strategies provides to enhance, quality of products, optimum product
cost, timely delivery of products,the flexibility of their internal business process,
reduction of wastes and customer satisfactions [3]. Thus, this study aims to develop
an integrated frame work from lean, six sigma and the Malcolm Baldrige Criteria so
as to improve the production performance, reduce waste and improve competitive-
ness of NAS Foods Plc.

2. Problem statements

Nowadays food industry makes a significant contribution to national economy
in many developing countries. Here in Ethiopia the economy depend on agricultural
and which accounts 43.2% of gross domestic product (GDP) [7]. Also there is less
contribution in an improvement of biscuit industry analyzed and waste minimiza-
tion. There is different waste that are identified in six sigma (DMAIC) on NAS food
Plc. Currently the company only uses 30% of its capacity and produce 3000 carton
per day via 349 workers but it can produce 10,000 cartons with 1000 workers. As a
result the value of waste ratio is 36.7%, this show non lean and can be categorized as
a traditional company [8]. The defect of the company also calculated and defect per
million are 67,308. This shows that the biscuit production of has a production
capability with a failure of 67,308 every 1000,000 productions or equivalent to
6.73% loss and this indicates the production process still has a high failure rate. The
other problem here is there are limited studies were conducted so far to implement
waste minimization tools like six sigma, lean and MBNQA approach on Ethiopian
food processing industries [9].
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3. Objective

The main objective of this study is to develop an integrated continuous quality
improvement model so as to minimize waste of biscuit manufacturing.

• To identify the gaps and strength of previous researches on related to
continuous improvement strategies to minimize waste.

• To investigate the challenges and potentials of integrating continuous
improvement strategies in the context of biscuit manufacturing.

• To develop an integrated continuous quality improvement models to reducing
waste and enhancing competitiveness of NAS food Plc.

4. Literature review

The purpose of this literature review is to provide a background on challenges of
waste, waste controlling mechanism and applicability of waste controlling strategies
across a variety of industries. Since this understanding will help determine which
waste controlling strategies and principles are appropriate for implementation
within the food manufacturing industry, and detail topics discuss in this section are
for history of waste minimization in manufacturing industry, lean manufacturing
philosophy, six sigma and Malcolm Baldrige National Quality Award (MBNQA)
principle, tools and technique in manufacturing industries as whole as well as a
detailed summary of the literature concerning improvement and competitiveness
problem of Ethiopian food processing industry. Though the principal sources of this
information included company reports, published literature in textbooks and
journals were incorporated.

4.1 Wastes in the food processing sector

Food loss should mean the decrease in edible food mass throughout the food
chain. Food losses take place in production, postharvest and processing stages in the
food supply chains. Since a division is to be made whether the loss of resources
happens in the early stages of the food supply chains (FSC) or the resource was
wasted by the action of the retail sector or consumers. Though in the first case, the
problems can call about food losses, while in the latter case about food waste. The
food losses can be avoided by a correct action, e.g. by maintaining the cold supply
chain or ensuring correct storage conditions for products. Since the food loss also
occurs if the product that was originally intended for human consumption is recov-
ered in the form of feed, fertilizer or energy [10, 11]. Besides the waste and food
waste is more comprehensive and it includes all resources that are lost in the
different sectors of the food supply chain, and will include also those parts that were
originally not intended for human consumption.

4.2 Waste minimization strategies and mechanisms

The waste is an important issue that should be treated in such a way that the
benefits achieved from that will be in both environmental and social aspects. As in
manufacturing industries, waste management is key issues to greater opportunities
for waste recovery and diversion of waste from landfill, and services suitable to
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businesses. Though according to [10] shows that waste management is favoring
reuse and recycling before land filling, with the main idea of environmental sus-
tainable society.

4.3 Continuous improvement strategies

Quality is becoming an increasingly important subject in organizations. It is
central matter to develop a sustained resource management technique. Therefore,
logistics emerges as an activity that allows the achievement of a prodigious effi-
ciency and economic welfares and in long term it is to obtain competitive advan-
tages of the country. However, organizations have improvement choices with time
depending up on the way they track to meet their strategic and operational objec-
tives, they can watch to its economic welfares. Science raises continuous improve-
ment as the competence of frequent processes and schemes and is closely integrated
with means of waste elimination. The customers focus programs such as total
quality management, supply chain management, just-in-time and kaizen also need
to be understood how to assess quality of products and systems through use of a
variety of quality control tools. It is also important to understand how to interpret
findings and how to correct problems. There are countless specific tools and tech-
niques that help the industry process improvement and enhancement. Any organi-
zation needs to focus on quality of products, optimum product cost, timely delivery
of products and the flexibility of their internal business process to adjust to quick
fluctuations. Consequently, continuous and constant improvement tools like
Kaizen, Six Sigma, ISO-9000, Lean thinking, TQM, SCM and JIT system are not
new to the present situation of industrialization for achieving the above concepts.
This method is not only limited to any particular industry but also to large potential
benefit. It has a widespread application throughout the whole industries. Many
industries have adopted it and others are going to implement for their endurance in
the fast competition at each stage in each area.

4.4 The concepts of lean manufacturing

Historically the lean production system is the world famous production system
developed and practiced by Toyota Company for a long time [12, 13]. Though the
basic ideas behind the lean manufacturing system are waste elimination, cost
reduction and employee empowerment. Since this concepts leads to maximize
customer value while minimizing all the wastes that come with that significance.
Nevertheless, lean processes can make jobs highly repetitive while eliminating
critical rest time for employees [14]. Lean is a philosophy that aims to maintain
smooth production flow by continuously identifying and eliminating waste
resulting in increasing value of activities in the production process [15].

4.5 Waste reduction and waste removal

Through Lean Main goal of lean thinking is to reduce and remove waste. Since
lean strategy is a potential tool to minimize and then remove waste so as to achieve
sustainable development of manufacturing firms. Even though, the lean strategy
reduction is one of the main functions of Lean Manufacturing implementation plan
[15]. Since all the form of waste i.e. overproduction, defect, transportation, work in
progress inventory, over processing, waiting and motion are reduced with Lean
manufacturing implementation (Figure 1).
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4.6 Roles of six- sigma on improvement

Numerous companies use Six Sigma practice to achieve competitiveness of their
business. Six sigma methodologies are cast-off to improve the excellence of the
product and process dramatically. Sigma, σ, is a letter employed from the Greek
alphabet to measure the process variability and the sigma level measured to deter-
mine the performance of the business processes [15]. The six sigma methodology
was introduced by Womack et al. [16] and resulted in the accomplishment of
business quality in Motorola. According to the study by Snee [17] states that six
sigma concept was constructed by Bill Smith, then an engineer at Motorola who
wins the 1988 Baldrige National Quality Award. The deployment of six sigma
concept is led by Allied-Signal and General Electric (GE). Six-sigma is described as
an improvement programmer for reducing variation. It focuses on continuous and
breakthrough improvements. In research the two major improvement methodolo-
gies in six- sigma has been considered. These are already existing processes and new
processes. The first methodology used to improve an existing process and can be
divided into five phases [15]. These are:

• Define: which process that needs improvement. Define the most suitable team
members to work with the improvement. Define the customers of the process,
their needs and requirements, and create a map of the process that should be
improved.

• Measure: Identify the key factors that have the most influence on the process,
and decide upon how to measure them.

• Analyze: Analyze the factors that need improvements.

Figure 1.
The seven wastes that controlled quality.
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• Improve: Design and implement the most effective solution. Cost–benefit
analyses should be used to identify the best solution.

• Control: Verify if the implementation was successful and ensure that the
improvement sustains over time. As well the second methodology is often used
when the existing processes do not satisfy the customers or are not able to
achieve strategic business objectives, see [18]. This methodology can also be
divided into five phases; define measure, analyze, design, verify, according to
[15]. In summary, the two different methodologies have obvious similarities
[19]. Table 1 indicates the integration of the tools.

Define Measure Analyze Improve Control

Lean
tools

Value
Mapping
Project
Charter

Process Mapping Cause and Effect
Matrix

FMEA
Bottleneck
Analysis

Production
Smoothing
Kaizen
Events

Standard
Work
5S Poka-
Yoke

Table 1.
Integration of lean tools in the DMAIC framework [3].

Program Six Sigma Lean thinking MBNQA

Theory Reduce variation Remove waste Quality awareness

Application
and Principles

• Define
• Measure
• Analyze
• Improve.
• Control

• Identify value
• Identify value stream.
• Flow.
• Pull, Perfection.

Visionary Leadership,
Customer-Driven,
Excellence, Organizational
and Personal Learning,
Valuing Employees
&Partners, Agility, Focus
on the Future, and analysis
and knowledge transfer
and organization
performance

Focus Problem focused Flow focused Quality focused

Criticisms System interaction not
considered. Processes
improved independently.

Statistical or system
analysis not valued

Unfairness, superficiality
and publicity the inherent
value of the continuously
improving award program
far outweighs its
limitations.

Tools Flow chart, control chart,
graphical chart

5S,VSM Questioner, ABC

Type of
Continuous
Quality
Improvement
(CQI)
Initiative

• Emphasis processes &
outcomes

• Greatest for processes
plagued by wide
variability —logging of
pharmaceuticals,
standardizing referral
processes, etc.

• a heavily quantitative
approach to CQI

• Emphasis on process.
• Simplifies

overcomplicated
processes and considers
interdependencies.

• Best for known
problems with known
system change solution.

• Integrated throughout
the organization.

• Ideal for large complex
health care

• Emphasis on structure
and outcomes.

• Best for practice-wide
problem assessment and
goal setting.

• A broad, holistic
approach to CQI
initiated at strategic
times.

• Ideal for practices that
want to establish a new
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4.7 Malcolm Baldrige national quality award

The initiative taken to improve quality management practices and the competi-
tiveness of U.S. firms was signed by President Ronald Reagan on Malcolm Baldrige
National Quality Improvement Act in 1987. The Malcolm Baldrige National Quality
Award (MBNQA) was created to promote quality awareness, identify the require-
ments for quality excellence and share information about successful quality strategies
and benefits [20]. The Baldrige core values and concepts includes visionary leadership
management for innovation, customer-driven, excellence, management by fact,
organizational and personal learning, social responsibility, valuing employees and
partners, focus on results and creating value, agility systems perspective and focus on
the future are the common values [21].

Table 2 indicates the comparison of the different programs and tools. It indi-
cates the difference and similarities the tools have so that they lead to develop the
ingrate once. Figure 2 indicates the summery of literature review with the major
areas considered during the study.

4.8 Literature gap

To get enough information about the topic raised so many literatures are
reviewed from different sources, among these journal articles, reports, and
unpublished master thesis is the main one. During literature survey recent

Program Six Sigma Lean thinking MBNQA

• Adapted for targeted
changes to specific
processes.

• Combined with Lean
when the focus is on
efficiency and quality.

• Ideal for practices that
want to rigorously
quantify improvements
in safety, quality, and
cost effectiveness

organizations and
practice networks that
want to standardize
operations across
multiple units

CQI system or overhaul
an existing one.

Table 2.
Comparison of improvement programs [22, 23].

Figure 2.
Summary of the literature review (authors).
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documents concerning waste minimization tool lean, six sigma and Malcolm
baldrige quality award are collected from different sources then each document
critically examined in order to filter gaps below.

• [9, 19, 23–29] this papers integration lean six sigma with different tools but not
integration awards or quality perspective.

• [21, 30] these papers see the alignment and reviewed of Lean Six sigma and
Baldrige but not integrate all and not much has been found in Ethiopian
context.

• The organizations are not able to reap out the benefits of Lean Six sigma,
Baldrige and other advance tools practices due to lack of awareness.

• Integrated Lean, Six sigma and Baldrige approach in Ethiopia Industries is not
explored and not much has been found in food industry.

5. Research methodology

This study was conducted based on both secondary and primary data collected
from the primary sources and ordinary data. Preliminary literature review and
existing company condition was scanned to formulate the problems and objectives
of the study. The data collection process considered defines measure and analyses
the data sources. The process set improvement model and then control the research
process. The research draws the conclusion of the resulting analysis with.

As shown in Figure 3, the research process start at problem formulation and
arrives at conclusion and recommendation. The study has been conducted by con-
sidering preliminary literature review to develop objectives and problem statement.
The study was conducted by considering literature review from different know
sources and databases. The literature was reviewed from databases like Scopus

Figure 3.
A methodology framework.
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indexed, web of science listed journals, PUBMED, MEDIN, research gates and DOJ
indexed journals. After analyzing and screening literatures, the study found gaps
from literature that helped to know the research focus area. Based on the literature
review method of data collection and sources were identified. The data was col-
lected through questionnaires, interviews, and field observation. Data sources were
used from primary data which was collected by physical field observation, inter-
views, questioners and company reports from NAS Foods Plc. Responsible and
targeted groups were considered under survey on this study. Interview of top
managers were made containing 14 interview questions and answer by 1 manage-
ment and 2 supervisor of the NAS Foods Plc. during the field visiting.

Questioners for employees also conducted to collect data from employees by
using questioner to find detail of the problems that NAS Foods Plc. currently facing.
The other data source was secondary data which was used to meet the research
objectives, reviewing the existing research work of 48 journals, government
reports, some reference books & paper related to lean thinking, six sigma, Malcolm
Baldrige national quality award programs, strategies, role impacts on manufactur-
ing and food processing industries. The key challenges, potentials and strategies to
integrating continuous improvement tolls also considered. The Early search results
show that a total of 400 article reports and thesis were found from various text-
books, academic and professional journals. Then read and sort for relevance to the
continuous improvement and waste minimization strategy and tools and for their
integration. The article would be assessed of methodology, method of measurement
and finding results. Finally 48 article, reports and thesis selected are important and
related to this study. The research methodology used the continuous quality
improvement tool integration to reach its conclusion (Refer to Figure 3).

6. Result and discussion

6.1 Quantitative result

6.1.1 Bivariate correlation analysis

Correlation analysis is used to quantify the association between two continuous
variables (between an independent and a dependent variable or between two inde-
pendent variables. Pearson (r) correlation is the most widely used correlation sta-
tistic to measure the degree of the relationship between linearly related variables.
The correlation value r = �1 indicated that strong negative correlation existence,
r = �0.5 negative correlation, r = 0 with no correlation, r = +0.5 with strong
correlation and r = +1 is the strong positive correlation (Figure 4).

This study showed the respondent result from questioner and it has 4 sections
and 25 questions so in order to see the correlations of all indicators it is preferable to
make analysis using SPSS. Based on the above principle the study develop the
relationships between the waste measurement variance as we see in the next
(Table 3) in the SPSS output Pearson correlation r (value of statistical test) should
close to +1 and the sig (2-tailed) or p-value is less than 0.05 for strong relation.
As we see the table below there is strong relation in each relation.

6.1.2 Analysis of awareness of waste measurement

Waste measures are included seven perspectives in lean typical. In this study it
identified each because waste issue is different from process angle and to see further
correlation between each viewpoint. Waste minimization is the basic for any
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organization, in this study waste minimization of NAS food plc. The awareness of
each respondent comprised (Table 3).

When it has been seen the relationship of each variable in waste perspective have
strong relation with significance level of 0.01 and the causal Pearson Correlation of
variable of excessive transport vs. inappropriate process their value is 0. 579 which
show moderate positive relationship and the highest Pearson correlation in waste
perspective is between unnecessary inventories vs. waiting their value is 0.920 it
mean that waiting in NAS food is highest factor in unnecessary inventory analysis.
There is also highest Pearson correlation that the value is greater than 0.9 between
inappropriate processing vs. over production and inappropriate process vs. Defect.

6.2 Analysis of Malcolm criteria measurement

Malcolm measures are included seven criteria in management perspective. In
this study it identified each because Excellence issue is diverse from management
angle and to see further correlation between each viewpoint. Quality improvement
is the basic for any organization (Table 4).

When we see the above relationship of each variables in management perspec-
tive, they have strong relation with significance level of 0.01 and the causal Pearson

Figure 4.
Pareto diagrams of seven wastes)

Factors Excessive
transport

Unnecessary
inventory

Unnecessary
motion

Inappropriate
processing

Overproduction Waiting
time

Defect

Excessive
transport

1 0.749** 0.662** 0.579** 0.696** 0.630** 0.680**

Unnecessary
inventory

1 0.898** 0.692** 0.661** 0.920** 0.779**

Unnecessary
motion

1 0.882** 0.814** 0.899** 0.848**

Inappropriate
processing

1 0.906** 0.762** 0.903**

Overproduction 1 0.659** 0.894**

Waiting time 1 0.828**

Defect 1

**Correlation is significant at 0.01 level with Person (2-tailed) and list wise N = 100.

Table 3.
Bivariate correlation in between waste measurement parameter.
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Correlation of most variable has a strong positive relation and their value is greater
than 0.9 whereas the leadership vs. customer and market their value is 0.960 and it
has highest value than the others which shows strong positive relationship.

6.3 Analysis of waste minimization tools measurement

Waste minimization tools measures are included six perspectives in this study. It
identified each because waste issue is different from process angle and to see further
correlation between each viewpoint. Waste minimization is the basic for any orga-
nization; the company does not adopt any particular standardized approach to
larger improvement projects (Table 5).

When we see the above relationship, each variables in waste minimization tool
perspective have strong relation with significance level at 0.01 and 0.05 whereas the
causal Pearson Correlation of JIT vs. Six- sigma their value is �0.370 which show
negative relationship and the highest Pearson correlation in waste minimization tool
perspective is between lean vs. JIT its value is 0.920 which mean that JIT in NAS
food is highest factor in Lean analysis.

6.4 Analysis of competitiveness measurement

Competitiveness measurements are included five perspectives that help evalua-
tion and decision making within organizations that occupy in waste issue. It identi-
fied the correlation between quality, price, time, customer satisfaction and
environmental views (Table 6).

When we see the above relationship of each variables in competitiveness mea-
surement perspective they have strong relation with significance level of 0.01 and
the causal Pearson Correlation of most variable has a strong positive relation and
their value is greater than 0.9 whereas the time vs. customer satisfaction and

Malcom
Criteria
measurements

Leadership
style

strength

Strategic
planning

improvement

Customer
and market

focus
management

Information
and data
analysis
efficiency

Human
resource
focus

Process
management

Business
result

capability

Leadership
style strength

1 0.896** 0.960** 0.845** 0.855** 0.926** 0.929**

Strategic
planning
improvement

1 0.922** 0.820** 0.921** 0.861** 0.884**

Customer and
market focus
management

1 0.877** 0.882** 0.927** 0.958**

Information
and data
analysis
efficiency

1 0.856** 0.843** 0.904**

Human
resource focus

1 0.837** 0.881**

Process
management

1 0.923**

Business result
capability

1

**Correlation is significant at 0.01 level with Person (2-tailed) and list wise N = 100.

Table 4.
Bivariate correlation in between Malcolm criteria measurement.
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environment their value is 0.934 & 0.940 respectively and it has highest value than
the others which shows strong positive relationship it mean that time affect the
competitiveness of biscuit product in NAS food is highest factor in customer satis-
faction and environment analysis.

6.5 Analysis on waste level using the 7 lean wastes

There are certain techniques obtained from previous studies to analyses the
seven lean wastes. Among them, the following stages were used.

• Defining Stage: The biscuit production process and determination of VA/NVA
activities of NAS manufactures varies biscuits’ production lines. The
production process of line is run fulltime. According to many studies biscuit
production and design revealed that the biscuit production process covers the
stages of raw material preparation, mixing, forming or molding, baking by
oven, cooling and packing [31, 32]. Each process has a certain design and layout

Factors Lean Just in time TQM Kaizen Work Study Six sigma

Lean 1 0.960** 0.042 0.858* 0.866** 0.335**

Just in time 1 0.0.34 0.858* 0.833** 0.37**

TQM 1 0.114** 0.244* 0.717**

Kaizen 1 0.868** 0.141

Work Study 1 019

Six sigma 1
*Correlation is significant at 0.05 level with Person (2-tailed) and list wise N = 100.
**Correlation is significant at 0.01 level.

Table 5.
Bivariate correlation in between waste minimization tools.

Do the following
factors affect
biscuit product

price affect
competitiveness

quality affect
the

competitiveness

Time affect the
competitiveness

Customer
satisfaction affect

the
competitiveness

Environment
affect the

competitiveness

price affect
competitiveness

1 0.898** 0.869** 0.803** 0.833**

quality affect the
competitiveness

1 0.914** 0.895** 0.912**

Time affect the
competitiveness

1 0.934** 0.940**

Customer
satisfaction affect
the
competitiveness

1 0.913**

Environment
affect the
competitiveness

1

**Correlation is significant at 0.01 level with Person (2-tailed) and list wise N = 100.

Table 6.
Bivariate correlation in between competitiveness measurement.

156

Lean Manufacturing



in order to obtain quality, process capability and good capacity in order to meet
the needs of consumers.

• Measure Stage: it a Waste Identification stage. During the field observation,
the biscuit production process in NAS factory, there were several waste of
resources identified i.e. non-standard process, fail on the ground,Crimean
machine waste area, Rapper wastage, Packaging scrap product drops, error
metal detector detection, broken, oval, overweight or small products,
imperfect shape, non-standard water content, malfunction process, and engine
breakdown. According to [33] Toyota identifies seven types of waste and they
include 1. Overproduction, 2.waiting time, 3. Unnecessary transportation, 4.
Excessive or erroneous processing, 5. Excessive inventory, 6. Unnecessary
movement and 7. Defective product.to identifies the observed. The results of
this identification were illustrated by a value stream mapping diagram, to
determine the actual condition of the observed objects in several indicators,
including value added and non-value added time. The value of Process Cycle
Efficiency (PCE) was calculated to determine the value of Lean application
level at NAS. Measuring stage is the process of measuring and identification of
waste occurring at every stage of production process. The occurrence of each
waste was measured and classified using the approach of 7-waste classification
and finally calculated by Pareto analysis [34].

Analysis on the mapping process of the whole series of biscuit production is
illustrated by some activities that are classified as non-value-added activities and
some value-added activities (Tables 7 and 8). Based on the time measure of the VA
and NVA activities, the value of Process Cycle Efficiency (PCE) of 49.64% was
obtained. The value of PCE is the result of division between Value Added Time and
Total Cycle Time.

A company can be considered Lean if the ratio of value-to-waste ratio has
reached a minimum of 30%; therefore, if the company is not lean and can be

Activity Time(minute)

Preparation of flour material 5.0

Preparation of oil material 4.5

Preparation of packaging material 3.05

Weighing of other materials 11

Mixing process 20

Cutting & forming process 6

Baking process 4.5

Cooling process 5

Stacking process 7.8

Cream mixing process 10

Packing process 7.03

Cartoons process 4.8

Total 78.88

Table 7.
The value added process in the biscuit manufacturing for 3 month.
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categorized as a traditional company [8]. Because of the value of waste ratio is
36.7%.

• Analysis Stage: the definition and analysis of this stage is given as
Determination of Critical to Quality (CTQ) and CPM value Critical to Quality.
CTQ is a standardized or critical measure at every stage of production
processes in order to produce quality products that meet the consumers’
expectation in accordance with the capabilities of process technology available.
Gazperzs [34] suggests that the characteristics of quality that will satisfy
customers should first be identified. Here, the quality characteristics
considered as critical should be classified and controlled. Each quality
characteristic that has been classified should be determined to see whether it
can be controlled through material, machines, work processes, and others
control. CTQ standardization helps us to set up a maximum tolerance limit and
a minimum tolerance limit. The values of USL and LSL are determining the
process variation for each classified quality characteristic. They can also be
used as signposts for product and process developments. According to the
study by Hasan [35] stated that range of USL and LSL values is determined by
the value of � n sigma, and the Six-sigma approach (DMAIC method) is used
as a reference in order to decrease waste or loss (Table 9).

As shown in Figure 5, the research found the values of six sigma calculation and
enter the number defect observed is 5.25, enter the size of the sample are 78 and the
defects per million (DPMO) of 67,308, and sigma of 3. This shows that the biscuit
production of has a production capability with a failure of 67,308 every 1000,000
productions, or equivalent to 6.73% loss, and this indicates the production process
still has a high failure rate. Also the research calculate DPOM, percentage of defect,
percentage of yield, process sigma by process sigma calculator with inserting the
number of defect observed and opportunities then automatically it calculate give
result as we see above in the picture.

• Improvement Stages: this is the place where determination of FMEA is to be
conducted and analyzed. A number of improvement steps were established at
each stage of the existing processes from the preparation of raw materials,
mixing, forming, baking, cooling, stacking and packing. Then, this stage
tabulation was carried out on FMEA analysis. The FMEA method was used to
determine the failure of the process and to analyze and improve the production
quality [31, 36] (Table 10).

6.6 Qualitative result

Analysis on Baldrige model with six sigma methodology they state that “Baldrige
provides the framework, Six Sigma the methodology.”

Activity Time(Minute)

Lay time-dough 50.0

QC product check 30.0

Total 80.0

Table 8.
Non value added process in the biscuit manufacturing for 3 month.
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The experience of Motorola with Six Sigma helped the company to won the
Baldrige award in 1988. According to Sumberg [37]; Parast [1] the Six Sigma quality
laid the foundation for Motorola to be the first company to win the Baldrige award.
Such a link between the Six Sigma methodology and the Baldrige model exists in
practice.

The MBNQA framework has extended its application beyond businesses.
According to the studies, it has specific guides for Education and Health Care
organizations [38, 39]. MBNQA seven categories are Leadership, Strategic Planning,
Customer and Market Focus, Measurement, Analysis and Knowledge Management;
Human Resource Focus; Process Management; and Business Results [3]. Leadership
shows how upper management chiefs the organization and organization commu-
nity. The strategic planning is also the organization establishment of plans to

Process stage Critical to
quality (CTQ)

Measurement LSL Target USL

Preparation of raw materials Process 1 Kg 6 6.5 7.1

Process 2 Kg 10 10.5 11.3

Process 3 Kg 12 12.5 13.2

Mixing Process 4 Kg 31.5 32 32.7

Process 5 Kg 199.5 200 200.8

Process 6 Kg 89.5 90 90.7

Forming Process 7 Gr 19.5 20 20.7

Process 8 Gr 17.5 18 18.8

Oven Process 9 Mm 49.5 50 50.6

Process 10 Mm 44.5 45 45.7

Process 11 % 2.5 3 3.8

Process 12 PH 8.5 9 9.7

Cooling Process 13 Wt. 39.5 40 40.6

Process 14 Wt. 9.5 10 10.6

Stacking Process 15 Gr 29.5 30 30.6

Process 16 Mm 34.5 35 35.8

Packing Process 17 Gr 139.5 140 140.7

Process 18 Gr 29.5 30 30.8

Factors PPM - Cpk Calculator

Parts per million above USL 150

Parts per million below LSL �50

Total PPM 100

Zupper 5.12

Zlower 6.25

Z (Sigma) 5.22

Cp 1.74

Cpk 1.71

Table 9.
CTQ of biscuit production process in one line in NAS food plc.
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implement strategic directions. Customer and Market Focus is the organization that
builds and maintains strong, lasting relationships within customers. Measurement,
Analysis and Knowledge Management are also the organizations use of data to
support key processes and manage performance while human resource focus is
outlining of the importance of human resources. Process Management uses power-
ful tools like Continuous improvement program, Zero Defect, and Re-engineering.
Continuous improvement recognizes that, even when no errors occur, there are
opportunities to improve the design of the process or product. All the time, the
competitors are seeking to gain an advantage by making their products better. If the
companies do not seek to improve, it will get left behind. Company should expect to
receive no complaints from customers. This goes beyond the idea of keeping com-
plaints to a minimum. It indicates that the company should adopt a new approach,
perhaps checking that each customer is satisfied with his purchase [40]. Finally,
business results is an indication of the organization improve in terms of customer
satisfaction, finances, human resources, supplier and partner performance, opera-
tions, governance and social responsibility and how the organization compares to its
competitors.

6.7 Proposed continuous quality improvement model

The integration lean, six sigma and Baldrige model understand separately and
define similarity and dissimilarity in each alignment some criteria are considered
based on the literature review. These include: focus on work condition in addition to
process, easily understandable and having proper metrics; addressing the possible
root cause of continuous quality improvement problems; being continuous
improvement tool; having clearly defined improvement goal; flexibility to apply
from operation to firm level and involving all, including top management to low.

6.8 Feature of the proposed model

6.8.1 Applying six sigma in the lean philosophy

It is true that there is established link between Six Sigma methodology and the
lean manufacturing with in the previous studies. The proposed integrative six sigma
and lean manufacturing is based on the following basic pillar principles. These
principles are:

• The Six-Sigma methodology is linked with the lean. It becomes part of the Lean
six sigma (LSS) for achieving waste and defect reduction techniques.

Figure 5.
Control chart for UCL and LCL.
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• The lean self-assessment includes the assessment of each seven waste in the
six-sigma (DMAIC).

• The proposed model for the integrative lean Six-Sigma is capable of addressing
the core values of the lean. Areas such as overproduction, waiting time,
unnecessary transportation, excessive or erroneous processing, excessive
inventory, unnecessary movement and defect can be addressed by Six Sigma
methodology.

6.8.2 Applying Six Sigma in the Baldrige Model

It has been established a link between six sigma methodology and the Baldrige
model in similar fashion as six-sigma with leans. The proposed integrative six sigma
and Baldrige model given in Figure 6 is based on the following principles.

• The Six-Sigma methodology is linked with the Baldrige model. It becomes part
of the Baldrige model which is considered as a single unit for achieving
performance excellence. This performance analysis requirement is set by the
top management. After the establishment of Baldrige model goals, Six Sigma
methodologies are used to increase the processes and meet quality purposes.

• Six-Sigma projects can be applied to all types of the projects, processes, and
products. Based on this application, the selection, administration, and control
mechanisms were directed by the top management used in this proposed model.

• The proposed model for the integrative six-sigma-Baldrige Quality in Figure 6
is capable of addressing the core values of the Baldrige model. Areas like

Figure 6.
Integrated lean-six sigma model.
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leadership competencies, strategic development and deployment, and human
resource management can be addressed by six-sigma methodology which is a
powerful tool.

6.8.3 Applying six sigma in the Baldrige model and lean

We established a link between six sigma methodology and the Baldrige model
also six -sigma and lean. The proposed integrative lean Six Sigma and Baldrige
model is based on the following principles:

When lean, six sigma integrated with Baldrige model. In fact, it becomes part of
Baldrige model for achieving excellence. Such a performance requirement is set by
the top management. Afterward aligned with the requirement of the Baldrige
model, lean and six sigma methodologies become used for improve the process and
meet quality objective.

The Baldrige self-assessment includes both the assessment of each seven catego-
ries in the Baldrige model as well as the efficiency and effectiveness of the six sigma
projects. Such an approach toward six sigma and lean projects ensures that the
company is gaining benefit from implementing the lean- six sigma methodologies.

The proposed models for the integration of lean, six sigma with Baldrige is
capable of addressing the core value of the Baldrige model and identify the seven
waste of lean. Area such as leadership competencies, strategic development and
human resource management can be address by six sigma methodology whereas for
the integrative lean Six Sigma identifies such area overproduction, waiting time,
unnecessary transportation, excessive or erroneous processing, excessive inventory,
unnecessary movement and defect can be addressed by Six Sigma (DMAIC)
methodology.

7. Conclusion

The conclusion of this research is that the waste minimization at NAS food Plc.
as production process applying the lean process. In such cases, the standard DMAIC
cycle may provide structure and ensure that each step is improve thoroughly,
thereby helping the success of the project. Lean can contribute to these projects by
staking out the direction; that is, indicating where to start, for example through the
use of value stream mapping where the process is reviewed in order to find waste.
Analysis on the mapping process of the whole series of biscuit production is illus-
trated by some activities that are classified as non-value-added activities and some
value-added activities.

In this paper both qualitative and quantitative analysis are applied and the result
of qualitative by using (DMAIC) based on the time measure of the VA and NVA
activities, the value of Process Cycle Efficiency (PCE) of 49.64% was obtained. And
the research found the value of waste ratio is 36.7%, this show non lean in the
company and the values of six sigma calculation and insert the number defect
observed is 5.25, the size of the sample are 78 and the result defects per million
(DPMO) is 67,308 and sigma of 3. This shows that the biscuit production of has a
production capability with a failure of 67,308 every 1000,000 productions, or
equivalent to 6.73% loss, and this indicates the production process still has a high
failure rate. And improve by using FMEA analysis was carried out each stage of the
existing process used to determine the failure of the process and to analyze and
improve the production quality and the result of highest RPN on Stacking and
packaging process so they should take action for waste minimization and continu-
ous quality improvement. In addition, Organizations try to implement the Baldrige
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model as a means for achieving excellence. The seven categories within the Baldrige
model is integrated and related with the purpose of addressing quality challenges so
that companies can be competitive in the dynamic business environment.

In quantitative analysis used SPSS software and the Correlation and regression
analysis is used to quantify the association between two continuous variables
(between an independent and a dependent variable or between two independent
variables). The result of this shown relationship of each variables in waste mea-
surement perspective they have strong relation with significance level of 0.01 and
the causal Pearson Correlation of most variable has a strong positive relation and
their value is greater than 0.8, likewise The good regression results of equation is
selected in each section which is explained R2 value about 0.9 or 90% with statisti-
cally significant (P < 0.01) level.

However, In this paper, relying on a review of the national and international
literature, 25 key indicators was selected based on the correlation having strong ‘r’
value under four improvement perspectives were identified to assess measurement
system of the organization. The Lean Six Sigma & Baldrige application studied here
does not point toward one well-defined Lean Six Sigma approach; the company
does not adopt any particular standardized approach to larger improvement pro-
jects. Instead, the company supports the integration at this level by ensuring that
their improvement specialists are widely trained in Lean, Six Sigma and Baldrige
model.

8. Recommendation

Further research is required for biscuit manufacturing in terms of waste mini-
mization at each process stage using this DMAIC methodology. This study needs to
be continued in terms of FMEA usage along with the development selection model
for waste minimization and improving the production process. Instead, the com-
pany supports the integration at this level by ensuring that their improvement
specialists are widely trained in Lean, Six Sigma and Baldrige model.

Similar research also should be conducted in order to provide added value in the
fields of food or agriculture with the application of lean six-sigma and Baldrige
model.
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Chapter 11

Analysis, an Anathema: Is That a 
Fervent Diatribe of Lean?
Sajit Jacob and Krishnamurthy Kothandaraman

Abstract

Should there be an understanding that rigor in analysis must be out-of-bounds 
for Lean initiatives? Will this rigor not facilitate a benchmarking of Lean initiatives? 
Why not a Lean initiative cause-consequence assessment not performed for build-
ing future fault tolerance? The effectiveness of a company’s strategy is critical to its 
success or failure. Lean strategy seems to be claimed as a widely recognized factor 
for business success and competitive advantage. However, empirical evidences 
do not promote the idea that Lean has delivered results every time. Study results 
indicate that success or failure of lean initiatives strongly depends on how compa-
nies approach it and on whether company has created their own curated philosophy 
towards Lean. Then, success is not dependent alone on a strategy, but on how daily 
operations are aligned to strategy. This chapter aims to address the above ques-
tions and a greater number of questions that we experience on a day-to-day basis 
with regard to Lean applications in the real world. Chapter Learning Objectives: 
Understanding Lean, Lean failure modes, and Lean initiative precautions.

Keywords: Lean, failures, assessment, arguments, 6Cs

1. Introduction

Why Lean initiatives are not analyzed independently and collectively to under-
stand the failure modes that resulted in many failures firms conceded in the past? 
Why Lean is more ‘appealing’ to the corporate leadership when pros and cons of the 
methodology and its nuances are not well studied? Has Lean ended up as one of the 
many continuous improvement initiatives many organizations have undertaken as 
it does not demand long rigorous trainings, no expectation of quantitative acumen, 
no requirement of good historical data, decision on the effectiveness and efficiency 
outcome is completely within the ambit of the enterprise giving the ultimate flex-
ibility?. Did absence of a structured methodology, benchmark and a third-party 
assessment has given the maximum convenience and performance priority low? By 
giving fancy terminologies such as transformation, high velocity development, out 
of the box idea generation, have we lost the direction and purpose?

Should there be an understanding that rigor in analysis must be out-of-bounds 
in lean philosophy? Is that absence makes Lean an affable, acceptable, and appeal-
ing slogan to a larger section during their attempts to cross the barriers in eagerness 
to reach the holy grail of excellence by quicker means. In total irreverence, if lean 
has to fail what more could be a bigger reason, when this strategy is recognized for 
the questionable characteristics in pursuit of agility, such as superficial manage-
ment, reluctance to examine sustenance of accumulated benefits, and avoidance of 
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retrospective studies. So is Analytics, an inevitable villain, in the drive to excel-
lence? Process mining and data analytics are integral to business excellence journey 
riding on and capitalizing the benefits of Lean, augmenting the methodology 
without missing its innate flavor. The new normal induced today’s global economy, 
characterizes demand specificity, spend thrift consumers, substitute products, 
aggressive pricing, etc. has created a breed of customers who are demanding 
much more than ever. The innovate and compete has become imperative and 
inevitable norm of the day. Improve to sustain and survive, but not at the cost of 
bleeding reserves, rather by optimization and conserving. This can only be done 
by minimizing the manufacturing cost of products by increasing the productivity 
and reducing wastage during production. Therefore, the industrial organizations 
realized the need for efficient and effective use of resources in a way that justifies 
production economics [1]. Thus, these organizations tried adopting and adapting 
several strategies to confront this challenge, including the lean manufacturing 
strategy [2].

The concept of lean manufacturing originated in Japan with an intent to con-
serve funds by eliminating wastes by identifying sources of waste and then using 
tools to eliminate them. It is now widely publicized that organizations that practices 
lean manufacturing methods produces world class products that have significant 
cost and quality advantages over those who still practices traditional mass produc-
tion. But, if we have to claim, Lean has its origin in Toyota Production system, then 
we also need to agree that the system at Toyota is integral to Toyota way of life and 
if another company has to replicate the same success they need to develop their 
own unique values, principles and priorities of life. The Toyota philosophy has 
evolved over a period of time over a value system that thrives on safety, security and 
motivation of their work force. Thus, Lean has to be a way of life that is unique to 
an implementation and cannot be a medication only at a time of illness rather it is a 
vaccination schedule for a life.

It is concluded from the available literature that the lean techniques are theoreti-
cally applicable in all industries and has proven their success in practice specifically 
in large organizations. It is the management style that sets the tone for employee 
attitude that determine the maturity of lean operations within a company and they 
set the culture of the lean organization [3]. The lean environment that takes undue 
advantage of the flexibility lean offers and the fear psychosis instilled by leadership 
to find a waste as a mandatory dictum together works counter-productive to leaning 
operations.

Despite its long existence, Lean has been moving with the tide set-up by socio-
economic and political winds that prevailed at those points in time in the enterprise. 
Post world war2, the demands varied through the years as countries slowly regained 
their economic stability. During this time, the challenges determined, for what 
Lean must stand for. At times, it was shortage of skilled men and raw material then 
demand from Lean was optimum resource utilization, scarcity of storage houses 
forced to have zero inventory as a target. As economy got its boost, commerce ben-
efited and demand certainly began to rise, then managing supply versus demand 
became a factor that created market advantage, hence Lean focused on quicker 
delivery with minimal steps to produce. Labor unrest, famines, pandemics and cost 
highlighted the need for Lean to focus on human resource management. Once com-
merce flourished and alternate products flooded, Lean turned attention to meeting 
productivity targets at reduced cost. Thus, during the tumultuous post war period, 
Lean revised, and improved its definitions, multiple times.

Overall, the management commitment, financial sponsorship, competency 
development, and culture; probably are majorly impacting lean operations. The 
rest of the chapter proceeds with a literature review that identifies the different 
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perspectives evolved in the prior papers. Then, research methodology explains the 
method adopted by the authors to complete this study. Then comes, arguments and 
discussion that outlines the various failure themes and then, there is an outcome 
recommendation that reflects the possible procedural precautions that may control 
the recurrence of potential failure modes, and finally chapter culminates in the 
concluding thoughts of authors.

2. Literature review

Lean is a combination of principles, practices, tools, and techniques with an 
aim to improve safety quality, cost, delivery, productivity and improvement by 
eliminating non-value adding steps. Further, lean is a continuous improvement 
initiative with an intent to implement business processes that with minimal waste 
and reduced lead times [4]. While elimination of wastes and direct implication on 
value perceived by the customer are heavily promoted, most of the success stories 
in Lean originates from Japan, while many of the failure stories finds their way from 
rest of the world [5].

With the decision of an organization to initiate the lean process comes the 
challenge of bringing about the change in the thought process of employees and 
work culture [6]. This is because lean is a way of working towards the elimination of 
waste across organization, thus a transition of behavior and methodology that may 
be deeply rooted within an organization is required. When an organization chooses 
to go lean, it hunts for waste across system, thus earns the distinction of being a 
socio-techno intervention.

A trust-based work culture is a precondition for lean intervention as leaning raises 
the anxiety of job loss in employees. The improvement process must be recognized as 
benefiting both the company and the employees. The ultimate responsibility for the 
outcome rests with the management. Thus, studies highlight that the major roadblock 
in successful implementation of lean manufacturing that lead to improvement in 
production effectiveness is the hesitation of management to empower employees. 
Ahuja and Khamba studies also share the same viewpoint that the rigid bureaucratic 
structures of the organizations are impeding empowerment of the employees. Lack 
of employee involvement in the overall implementation can lead either to their failure 
or partial implementation of these systems. Based on the above discussion, the  
following arguments has been formulated [7].

Unsuccessful implementation of lean manufacturing techniques is caused by 
employees’ reluctance, lack of training and ethical education, and lack of follow up 
by the officials in the organization [8]. The purpose behind training and retraining 
of employees is to develop multi skills that could help them work more diligently, 
enthusiastically, independently and responsibly [9].

It is important to identify the causes for failure and understand their reasons 
and implications to assure a minimum probability of success in subsequent ven-
tures with Lean [10]. The barriers to lean implementation can be grouped into the 
following ten broad areas by characteristics: organizational culture, knowledge, 
management, conflict, resources, technology, finance, employees, customers, 
and past experience [11]. Most of the occasions, a failure in Lean implementation 
is being attributed to lack of knowledge in lean, impatience and ignorance of the 
benefits being reaped by a cross section of companies leading jeopardizing the 
implementation at different stages. Isolated implementations as well cannot bring 
sustainable developments in performance even if the method is Lean [12]. Using the 
know-how on Lean in appropriate circumstances in applicable industries will reap 
better rewards than a mass application [13].
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3. Research methodology

Case research is particularly valuable when the intention is to examine phenom-
ena in their natural setting. In addition, according to Rivera and Chen studies [14], 
case studies are appropriate when the research seeks to address “how” and “why” 
questions. The type of case research employed in this study is a retrospective case 
study of ten companies. This research perspective enables a thorough, in-depth 
analysis of the various aspects involved in the adoption of Lean strategy, by exam-
ining retrospective views of an unsuccessful attempt to implement Lean strategy. 
A major benefit of a retrospective approach is the reliability of the case’s selec-
tion, since the sustainability, of strategy implementation can only be evaluated in 
retrospect [15]. Inaccuracies in artifacts, interpretation and perceptions, priorities, 
and objectives are influencers in this method.

Author was either a listener or observer in the process of understanding lean 
thinking perspective and implementation styles across various organizations. While 
conducting multiple case studies, benchmarking of cases with theory and inter 
cases comparisons were conducted to understand the environmental differences. 
According to the multiple case study method evaluated, the sufficient number 
of the cases required for this study is envisaged as 10 Lean failures. To assess the 
companies approaches and results of lean implementation; data collection step 
was performed. The types of data collected were selections, narrations and visual 
experience.

Assessment of the companies consisted of three main parts: assessment of 
lean adoption steps, perceived performance of proposed processes and actual 
results of those processes in reality; and degree of Lean implementation and 
institutionalization.

Lean adoption was evaluated based on the status of defined protocol that also 
includes work environment, management, performance analytics, competency, 
work force morale, risk and continuity, and change handling aspects as well, as its 
effectiveness and efficiency indicators of maturity, and finally practice evidence. 
Perceived performance of process is evaluated by the estimation methodology 
defined, and its application evidences. Actual results are the observed values and 
its practice evidence in the form of data collection formats and associated practices. 
Degree of implementation and institutionalization maturity was assessed based on 
the simplified model [16]. According to this simplified model, nine criteria of lean 
implementation maturity are assessed: elimination of waste, continuous improve-
ment, zero defects, just-in-time deliveries, pull-of-raw materials, multifunctional 
teams, decentralization, integration of functions, and vertical information systems. 
Each criterion has determinants. Determinants describe the results of implementa-
tion of corresponding criterion. Determinants are assessed with explicit rules of 
coding such as, 2 for well implemented, 1 for fairly implemented and 0 for poorly 
implemented. Those grades are brought in by author. Such grades are chosen from 
simplicity point of view and only with the aim of classifying content based on the 
degree of existence or a peculiarity of a particular characteristic in data. Assessment 
is made by comparing the initial state before lean initiative started and the state of 
each area by the time of assessment. Similarly, specific to the assessment of lean 
implementation results; determinants were summarized, and qualitatively com-
pared and quantitative translation and summarization was avoided to prevent this 
paper from drifting towards a biased conclusion, rather messages must be presented 
to further the possibilities of a balanced quantitative research.

Collected and classified qualitative content in the form of text, narrative and 
visuals were analyzed by using content analysis method. Content analysis method 
could incorporate the various kinds of analysis where communication content 
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is categorized and further classified and is a systematic, replicable technique for 
compressing many words of text into fewer content categories based on explicit 
rules of coding. Data analysis in current paper used the coding approach after 
following some preliminary examination of the data: material is reviewed and a set 
of features in the form of checklist is created, further applied for coding. As such, 
validation of the inferences made on the basis of data from one analytic approach 
demands the use of multiple sources of information. Meaning, the researcher 
should try to have some sort of validation study built into the design, for example 
in the form of triangulation, which is often used in qualitative research. By trian-
gulation the credibility of the findings could be achieved by incorporating multiple 
sources of data. In current research three main types of data were used. Based on 
the content analysis method, the data was naturally categorized based on criteria 
from Karlsson and Ahlstrom (1996) model. Next, data were analyzed and concen-
trate of needed information were brought out based on data type – text (company 
documents), narrative (questionnaire and interviews) and visual (photos, video 
and field notes). Further, summarizations were given to each determinant based on 
data available.

The summarized qualitative information is compartmentalized into twelve 
themes that forms the twelve Lean arguments, around which an argumentative 
approach was facilitated. In this approach, the well promoted stand on Lean is 
exposed based on the content analysis inferences.

4. Arguments and discussion

Argument 1: A method of success-by-design.
Lean promotes the advantages of developing quality, productivity, reduced 

inventory, flat structures, teaming and flexibility [17]. Main principles of Lean: 
specify value from the standpoint of the customer, identify all the steps in the value 
stream and relentlessly work towards eliminating steps that do not create value, 
make the steps flow smoothly towards the customer, let customers pull value from 
the next upstream activity and begin the process again until a state of perfection 
is reached. Lean in the absence of a repeatable and reproducible methodology in 
reality is a method of success-by-chance with tools and techniques. Lean does not 
believe in investing in elaborate designs of experiments or benchmarking due to the 
absence of standard methodology and measurements.

Lean promotes an organizational transformational context; therefore size, age, 
complexity, infrastructure and competency create the essential environment that 
decides the strategy of the endeavor. Then the change management determines 
the success of the initiative as it is bestowed with the charge of change over, risk 
control, sustenance, disaster recovery and business continuity while transforming 
the situation [18]. Thus, observations favor the counter argument, that Lean is a 
method that provides success-by-chance.

Argument 2: A method that favors industrial relations.
Teaming for the enterprise is different from democratic industrial relations. 

Lean teams are with limited objective and scope of operation. The teaming process 
in Lean revolves around, a process or a machine or an area of the production floor. 
The competency required to be part of the team is limited to lean tools. Thus, Lean 
rhetoric is countered in this argumentation with a selected scope and interpretation.

Argument 3: A method aligned to economics.
In Neo-liberalized and capitalist economy, continuous improvement through 

waste elimination to eventually generate value is not a choice. Classic example is 
the growth of IT industry in the developing countries on the cusp of maintenance, 
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enhancement and support projects of many softwares that were developed earlier. 
Thus, at times, waste itself creates an industry, then that waste becomes value 
adding waste. Any resource that does not generate value to customer is eligible to 
be called a waste [19] is not a sustainable argument as for one service provider, an 
effort that could be termed as waste may eventually create a new business line, more 
employment and an expansion in the purchasing power of society. Thus, Lean need 
not find a complete alignment with social economics.

Surveys claim, lion-share of lean initiatives fail to achieve systematic productivity 
improvement and even suspects the benefits claimed in many of such initiatives [20]. 
Popular as a management system and has become a style symbol of operations, as 
part of leaning operations may save for the organization, but reduction in manpower 
and remuneration restructuring to the lower side associated with such initiatives 
impacts the purchasing power of the society. This indirectly points to disparate 
definitions and perceptions in interpreting the claims.

Free-market economies propounding laissez-faire economics that allows a free 
hand to the business to devise norms to conquer market with ruthless competitive-
ness and reduced subsidies for the sake of survival was forced to shed virulent trade 
union intransigence leading to a social and political transformation. It is essential 
to investigate the role of Lean methodology in promoting unemployment in many 
industrial belts. Unchecked capitalism and globalization have taken away pluralism 
in management and turned focus to discover value for the customer as an outcome 
of value chain. This is possible only by increasing productivity at lower costs, so 
internally, the focus is still not on customer but on production systems. If value 
and loyalty are perceived in faith, the politics in displayed improvements comes 
obvious.

Argument 4: A method that sustains benefit.
The repeatability and reproducibility of the results associated with Lean initia-

tives are invariably absent in the survey. It also could be due to absence of a struc-
tured methodology, accepted glossary of terminologies and availability of verifiable 
results. Thus, absence of a standardized scientific method creates a void while 
treating lean as a system to enhance business practice rather than industry sectoral 
differences.

The experiences from Toyota Production System of 1970s formed the basis of 
western attempts to build a corpus of derived knowledge out of it to create a book of 
knowledge on Lean [21]. The whole objective of Womack et.al [22, 23] in 1990s was 
to create a theoretical basis applicable irrespective of industry to gain advantages 
that are agreeable irrespective of the verifier. The hypocritical bias and judgmental 
attitude took a backseat as soon as Lean terminology emerged out of International 
Motor Vehicle Program. Eventually, five principles that laid the foundation of Lean 
emerged and they were concept of value, value stream mapping, perfecting the 
ideology of pull the flow. Then it was a time for a plethora of techniques to evolve 
along with contexts for their application.

Lean is industry independent, while its roots may be in production, and it is 
prevalent in services as well. Lack of empirical rigor is an established issue in Lean 
and even research papers are analytically inadequate as most authors prefers to 
discuss around an event, experiences or an implementation and rarely it gets into 
compare and contrast analysis of a cluster of failed case or case surveys to reveal 
the differences, factors involved, extent of success that can be attributable to plans, 
implementation models, and actions. Even qualitative analysis when it is contextual 
it generates arguments, possibilities, hypothesis which could eventually be tested to 
identify the effectiveness of the Lean effort, which rarely happens [24]. While lean 
remains as a collection of techniques, their relative importance and effectiveness 
and efficiency of performance are yet to be quantitatively evaluated to structure 
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it into a framework or lifecycle to give universal acceptability, thus its ability to 
provide a sustained benefit cannot be proved beyond doubt.

Argument 5: A method that sustains business.
Radnor and Johnston studies [25] is of the view that lean transformation mainly 

motivated by the cost reduction associated with it rather than the customer value 
it can bring. But at times waste also sustains business as is the case with certain 
failures create a demand to do the right for the customer which becomes the sub-
sequent version that would sustain the life cycle of a product in the market and the 
antithesis is it is the consequence of a poor service design. So then what is a leaning 
operation and how to perform a lean service. Unless there is a clarity, a framework, 
and process and tools to support it and metrics to measure, the claims will become 
redundant. Else, adopting and adapting techniques that showed result elsewhere 
when planted in a different environment and in different context, need not realize 
the same outcome. In other words, techniques that provided benefits in a industry 
under specific conditions need not reward the same way, and it may even import 
unwanted effects [26].

How much pull effect can reverse low demand in a production environment? 
Pull effect is on the basis of creating a product that generates a desire in a customer 
which translates to a product demand. Demand is not merely based on features, but 
also determined by affordability, necessity, substitute and uniqueness that together 
generates the value the product generates in the market. Lean is not a product 
innovation methodology, rather it always remains as method to optimize cost. 
Unless cost is balanced with features and ego satisfiers, the product will meet with 
the history of Nano car in India. Hence, lean is never a guarantee for a product to be 
a success in the market.

Argument 6: A methods that is universally applicable.
Lean, because of its origin in manufacturing may have all the wastes defined 

with a manufacturing perspective, then a direct correspondence in services is 
difficult to find. For example, a defect in a tangible product and a defect in service 
is totally disparate. Similarly, the context determines the definition of defect, for 
example, an excess inventory in manufacturing stock foretells possible wastage, 
but at the same time a shortage in inventory need not be ideal too as it may create 
opportunity cost in services and may be appreciated as JIT in manufacturing [27]. 
So universality of the concept is at the goal level that is, generate value by reducing 
waste rather than debating at applicability of the definition of the type of waste in 
different industries and sectors, moreover, in service value is co-created while in 
manufacturing producer creates and recipient perceives. This becomes clear when 
it is translated to monitory values where post-service revenue is based on conditions 
created by customer and hence lack definiteness, but a tangible product revenue is 
definite and earned as soon as it is sold. This brings the curtain down over multi-
sectoral comparability. Even in strategy, a pull method is a possibility in manufac-
turing but the same cannot be expected in services as arrival rate and pattern in 
services is a matter of probability.

In all safety critical industries such as health, aeronautics, nuclear energy, oil 
and natural gas etc., active Lean employment on that system is not advisable. The 
situation is identical in every production space where there is a statutory and regu-
latory compliance involved. But any other Lean efforts performed in other depart-
ments, if it reduces environmental impact score, then that will be considered as a 
financial incentive generated out of resource conservation and pollution reduction. 
Thus, there are scenarios where Lean is not likely to be the drug-of-choice.

Argument 7: A method neutral to production peculiarities.
While Six Sigma strives for near perfection, Lean tries to accelerate the velocity 

of the end-to-end process by reducing the Lead Time. But consistency in achieving 
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near perfection at high productivity rates is not mere LSS achievement. Lean pro-
motes the idea of high rate of production in small batches is under the assumption 
of Overall Equipment Effectiveness and maintaining constancy of quality is never a 
guarantee.

In those industries where bulk production is not possible, Lean faces limita-
tions. In case of multi service counters, made-to-order large engineering goods, 
where demands are unique for every customer. Under such conditions, attempting 
Lean at higher levels where commonality can be perceived is tried as an option, but 
farther in the value chain when optimization strategies are attempted, the real value 
perceived at the recipient end is limited.

Then the methodology claims to have the ability to maximize shareholder value by 
consistently improving Quality, Cost and Customer Satisfaction. Absence of credible 
quantitative data to evaluate and benchmark performance of lean projects is unavail-
able is a major constraint. If it has to be proved that it is the methodology that makes 
difference, it is equally significant to nullify the effects of factors such as industry, 
culture, competency, production volume, process, technology, material involvement 
etc. The performance that are pertinent are, but not limited to the following areas 
such as lead time, waste management, labor productivity, and economic value add 
synergistically. Is yet to be ascertained consistency in performance, causality for vari-
ability etc. Thus nature of product and volume could be critical determinants while 
deciding on Lean as the method for process improvement.

Argument 8: A method in itself is a strategy and enhances creativity.
While subjectivity, scale and understanding affects the measurement system 

error; an authentic survey analytics to agree on source or type or excellence-based 
clusters formed by practices, techniques, and tools is still not available. Principal 
Component Analysis with Varimax rotation will generate principal component with 
high factor loadings to identify a theme associated with it that significantly influ-
ences the success of a Lean initiative. Does Lean promote innovation? Role of lean 
in creativity through product designs and functionality is a questionable character, 
hence its strategic role is of limited extent. Success of a operational strategy must 
be linked to performance parameters such as quality, cost, rate of flow, safety, and 
innovation. If Lean has to qualify itself as a strategy, then it needs to perform on all 
such parameters to stay in isolation as a independent methodology [28].

Argument 9: A method with many techniques as strength.
In lean, plenty is the problem when it comes to techniques. Then, appropriate-

ness in choice and correctness in application determines fate of the problem. 
Deciding on which of the many lean tools to apply, where and when and how it is 
applied create the inevitable inconsistency in methodology. This also highlights the 
critical constraint when it comes to benchmarking of practices and outcomes, as it 
has become relative.

Similarly, situation or tool finds prominence in the whole episode matters, but 
the methodology must not lean on the effectiveness of a technique rather on the 
appropriateness of the protocol and efficiency of its implementation. Therefore, 
there has to be a clarity in approach that will stabilize, steer, and succeed in 
achieving objective. Waste reduction is not an assurance on cost of quality nor 
productivity will decrease and gross profit will rise which will take the excellence 
professional to stardom [14]. A naïve implementation of Lean is a demonstration 
of few techniques and tools with absolute disregard to the problem at hand and 
waiting for a magical improvement to follow.

Lean is tightly coupled with production planning and control system; therefore, 
a naïve implementation will make inadequate changes in isolated regions that will 
not be sufficient to create an impact on the ecosystem and thus, the objective of 
organizational transformation will hit a logjam. Therefore, in a haste such a lean 
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approach bend on tools that fails to collectively build on benefits and cover the 
optimization of the entire system leading to an incomplete appreciation of the role 
of leadership for organizational development. Then, such a Lean approach end up 
as a mean-based approach that cannot assure enduring benefits.

Argument 10: A method that creates a culture.
If Lean is a culture, then the cultural elements must be transient in the society 

and political forces must support it, then only a change management leadership that 
fosters the outcome can survive. The methodology, techniques, people empower-
ment, human relations, communication must work synergistically to create a milieu 
where continuous transformation as a culture thrives. Neglecting role of consensus 
and collaboration that forms the bedrock of human relations will jeopardize the 
outcome of the strategy [29]. Situational relevance and deliberate temporal pro-
gression as critical variables; with choice of tools and risk management as residuals 
determines the fate of the Lean implementation strategy. Only a learning organiza-
tion from its mistakes, culturally tuned for waste elimination, and iterative imple-
mentation alone can churn value out of a system. Lean fails to have a phase and an 
analytical schema to connect factors such as intuitiveness, perception, judging etc. 
as human factors that contributes to errors, thus creating process prisoners created 
by our espoused past. In the effort to dehumanize processes, are they not antitheti-
cal to the claims on human resources competency and conveniently being sidelined 
in Lean when it comes to defects management? While people are not monitored, 
the people scrupulously monitor process with stopwatches and the numbers are 
only seen from the point of process disorders while process masters might leave 
unscathed. By any chance, if numbers are looked from a people angle, then it is 
invariably will find an overarching reason to settle scores and materialize individual 
agenda. Have that not made Lean a methodology averse to radical innovations? 
This is in addition to the failure mode created by the inadequate implementation 
of a successful strategy. By not having a Lean hierarchy to drive initiatives, the first 
among equals norm sets in, then it becomes persuasiveness of the phrases, placards 
and parades unleashed by power brokers in enterprises that determines the effec-
tiveness of a methodology rather than the value it actually generated.

Argument 11: A method that makes difference by setting house in order.
When problem lies outside the production house, then how best a leaning 

drive inside the house bring betterment to overall process. For example, congested 
roads and supply ecosystem widely distributed, and their supply chains are not 
optimized will bring more anonymity and failures in the JIT process. The extended 
gap between Lean intervention storms also added to reasons to lose momentum and 
motivation.

Argument 12: A method with a human centric face.
The role and competency of Lean management leadership many times by the 

nature and style of intervention, and by the demands set on employees (long 
working hours, denial of leave, lack of support for their suggestions, ad-hoc project 
management, no lead-by-example, only demands) has only created unhappiness 
and loss of confidence. In an effort to build speed, management fails to realize 
that the same thrilling speed can even kill the quality and creativity in business. To 
support the rush, specialization becomes a must that takes away the variety and 
boredom sets in.

In a hurry to crunch the unproductive training time, create parallel training 
tracks but that denied integrated competencies and holistic visibility. Limiting the 
training to senior and middle segments of organizational hierarchy, companies 
make the mistake of leaving the larger section of the workers on the floor guess-
ing on the developments and builds anxiety. The behavioral changes from anxiety 
to discontentment to rebellion is not a long way which will manifest as loss in 
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productivity and quality which will defeat any process improvement irrespective of 
however better it may be.

Laxity in leadership commitment and failures in creating breakthrough in 
culture change management leads to failure of Lean management. Minor glitches 
during test and transition phase of any Lean life cycle, if it rakes up restlessness in 
leadership leading to issuing discomforting communications, adds fuel to failure. 
The cumulative effect is loss in trust and respect to the management. Eventual 
Robotic Process Automation decisions will lead to elimination of manpower and 
even necessity for further lean intervention. Why there was no analysis on the 
failure in responsibility and accountability of senior management in ensuring the 
culture change? Where lies the human centricity?

5. Outcome as recommendations -6Cs

5.1 Command

Lean cockpit must be responsible for selection and approval of Lean initiatives 
are as well considered as projects for an organization. Unless the definition and 
disciplines of the project are not mandated, these improvement initiatives will go 
never ending. Lean is a strategic service provided by the corporate improvement 
groups. Therefore, it is imperative that there must be a protocol for driving a Lean 
intervention and solution selection, and a structured approach to choosing the 
project. The project must have a scientifically estimated quantitative business 
impact upon which outcome of the project may be evaluated. The projects must 
cover process and product performance parameters independently. The project 
must cover processes for development and support of the products. Projects must 
ensure the products and processes are improved and innovated with Lean imple-
mentation. The collective nature of achievement of a business objective must be 
mapped and drafted as part of charter, then project specific expected contribution 
must be defined. A collective projects catalog may be transformed into a monitoring 
dashboard. Milestone based verification and validation needs to be performed to 
control execution of Lean drive.

5.2 Control

Leaning operation involves a thorough change management. Then a guarded 
approach to the culture change implementation is necessary. A change approval 
board must intervene to verify and validate proposed new working model, this is 
necessary for wider acceptability as is takes the ownership from a lean Leader to an 
institutionalized arrangement. Prior to change adoption, configuration manage-
ment audit must be performed to ensure continuity, integrity, safety and security of 
the business. Any setback in the process of the Lean initiative must be recorded as 
a leaning incident and a cause and consequence assessment needs to be performed 
before fixing.

5.3 Culture and competency

Lean is ultimately a culture change promoted by people, process and technology. 
Out of which people forms the most critical link that determines the make or break 
of this initiative. It is the insecurity feeling that originates from fear of job loss, 
redundancy, anxiety over inability to perform in changed circumstances breeds 
collective objection that ends in obstruction of the change. But the whole series of 
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fear psychosis is rooted in concerns around the incompetency factor. Therefore, 
creating the right milieu is essential as part of planning an enterprise wide Lean 
initiative. A thorough competency analysis that ends in a competency development 
plan is a must that takes care of the career aspirations and employability of the 
affected population, thus transforming them as Lean promoters. The learning and 
development imparted to the pioneer group may be systematically percolated to 
lower layers to enable organization wide understanding that takes away shocks and 
surprises.

5.4 Cause and consequence

A proactive extended Failure Modes and Effects Analysis that maps potential 
failures to their possible consequences. A systematic assessment of systemic fail-
ures in Lean is essential to ensure erosion is value is prevented and savings to be 
sustained. The major sources of failures observed in this study are management, 
competency, communication, leadership, teaming, performance measurement, 
suppliers. Every source has their own set of categories of failures. Management with 
their lackadaisical attitude, uncommitted sponsorship, under budgeting resources, 
and ill-informed as major categories contribute to failure. Under competency 
identifies, inadequate and ineffective learning and development programs in lean 
have been contributing to failures. Communication as another source of failure 
identifies weak and limited broadcast that lacks conviction. The leadership quality 
as a source is another concern, when process identification, project identification, 
ensuring cooperation and breakthroughs are identified as categories of failure. 
Teaming is another source of worry, when team displays disloyalty, non-committal, 
under involved, uncertain, incompetence as categories of failures. Performance 
of a project is another source of worry as data, measurement, analysis, reporting, 
action orientation are categories of concern. Suppliers are another significant 
source of failure, as categories such as poor-quality supplies, and delayed supplies 
are major categories that attribute to Lean initiative failures. All the categories may 
be subjected to intense independent Root-Cause Analysis from all the 7 M dimen-
sions such as man, money, material, method, machine, measurements and milieu 
can reveal the ultimate root causes which when acted upon will help in arresting 
repeat failures. Collective analysis of these root causes enables organizations to plan 
preventive actions against potential failures.

5.5 Communication

Uniform understanding of the objective and approach among stakeholders 
is essential to get the buy-in from the enterprise to succeed in Lean initiative. 
The program charter, risk and repercussion analysis, performance measurement 
analytics are key information that needs messaging. External suppliers are critical 
stakeholders as any service quality parameter slippage may adversely impact the 
overall performance of the process despite rigorous leaning efforts internally.

5.6 Convergence

Convergence of purpose is essential to find business impact. Convergence 
of plan is essential to find focus of all values derived to a financial benefit. 
Convergence of skills, knowledge, abilities, aptitude and attitude is essential to 
translate the gains to tangible outcomes and sustain the same. This convergence can 
become a reality, if and only if, labor feels stabilized and confident. The work force 
must feel owned by the corporate, then they will own the transformation agenda.
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6. Concluding thoughts

Organizations across globe in pursuit of competitive advantage has a history of 
having implemented a variety of policies and strategies to gain competitive advan-
tage. However, all such attempts are not accompanied by successes, rather many 
face obstacles and failures in the implementation of these programs. Organizations 
invariably turn the blame on to staff commitment and performance. Confirming 
the same as applicable to successful implementation of lean programs and achiev-
ing the benefits depends on the quality, preparedness and readiness of the human 
capital. Therefore, the organizations should know, the men behind the machines. 
If employees are not adequately taken into confidence in the implementation of 
lean programs, the benefits will not accrue. This is because, mostly imperfections 
marred implementations in supplier ecosystem.

Recent years when there is a global rise in evangelism over lean with coherent 
and persuasive arguments, there are a very few self-conscious attempts to critique 
this methodology from academic community. The criticisms are never an assurance 
of value when adequately considered during lean implementation but if not done, 
then research community fails in its fundamental responsibility to ensure subjuga-
tion of philosophy to insidious academic scrutiny to loosen the grip of vested inter-
ests on a management dogma and subsequently bring down totalitarianism. Else, 
blind following of assurances of wizardry by a technique will reap disappointing 
performances forcing the gullible professionals taking cover behind another hype 
and move with the tide, but failure modes never comes obvious for an open debate. 
Choice of blending a cocktail of tools is part of building technical rationality, but 
if it disempowers the human factor, then it brings a crisis. Failure of Just-in-time, 
absence of safety stock, and field defects creates an opportunity cost attributable 
to the methodology. In the aggression to remain lean, even CSR and employee 
welfare spending may get treated as non-value adding. Management experimenta-
tions thrive where collective deliberations are minimally promoted, which means, 
democratic values in industrial relations are not of prime importance, rather it 
means trade unionism must fail. The fundamental axioms of enterprise unions such 
as healthy, safe, fearless, work environment that assures indiscriminate treatment 
and respects individuality of thoughts and deeds; and people are permanent assets 
are destined to remain in chapters. Constancy of workforce is a wild assumption 
in Lean.

By performing current research author has proved that if arguments mentioned 
above are taken into consideration and are actually managed then companies has 
all prerequisites to achieve its desired targets in terms of lean – meaning successful 
lean implementation. At last, creation of the lean as a value system is central part 
of the model; it drives all other steps and thus is main critical success factor for the 
successful lean thinking implementation. Thus, the initial proposal is true – on 
of the reasons of failure of lean thinking implementation process is absence of 
company’s vision of its lean initiative in the form of lean strategy as a form of their 
unique lean value system.

The findings of this study are only the tip of the iceberg. There are a lot of 
questions which should be answered in this area. Even while failures are rampant, 
still corporate herd around Lean, what all could be the driving factors? How to 
study a Production System? Are these philosophies still relevant today in the times 
of robotic automation? Are there other ways to study lean system without visiting a 
site what will be the output of such a travel?

Another question which might arise is how to create own lean value system 
representation – where and how to start. And there are more such questions. To 
answer all of them the ultimate goal has to be achieved – Development of the 
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curated model of successful lean implementation. This model should incorporate 
Process, People and technology aspects for all manufacturing process types facili-
tating assessment of the financial feasibility of implementation as well. Ultimately, 
the transformation must lead to lean capital needs and generous labor needs to 
assure and ensure an all inclusive social economic growth, which is part of corpo-
rate social responsibility which every corporate strategy has to support.
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Chapter 12

Lean Manufacturing towards
Green Manufacturing Practices
and Its Implementation in SME’s
J.P. Rishi

Abstract

The manufacturing SMEs are facing the burden of non-equilibrium of the
supply–demand chain along with the global change in the climate. Several SMEs are
looking for a substitute that can create a balance between performance and the
environment. In spite of numerous studies related to green and lean that has been
evolved, none of them is able to clearly define the spheres of green and lean. Here in
this chapter, there is an exploration of advancement of lean and green manufactur-
ing and its impact on other sectors. It also highlights the methodology adopted in
implementing the same. This chapter recognizes the commonalities between lean
and green approaches, the collaboration and impact, techniques involved. Also, the
impediments and perplexities confronted by the manufacturing sector are
examined. Further, this gives a better understanding of the challenges before
implementing lean with green. This chapter also recognizes possible gaps in the
literature that will help to eliminate the barrier toward this Neo manufacturing.

Keywords: Lean, Green, Manufacturing, Operation, Management

1. Introduction

Liberalization Privatization Globalization (LPG) has created market possibilities
for manufacturing businesses around the Globe. This encourages competition
worldwide for quality products, thereby leading to different ways to enhance their
competency. A global phenomenon like financial instability, political imbalance,
technology revolution, stringent regulation and global climate changes are affecting
the competition [1]. Both energy and resources cost are always escalating due to
non-equilibrium between supply and demand this is effecting the operation cost
and economics of manufacturing directly. One vital strategy for SMEs to face
competition to diminish the waste of resources by inefficient operation and
production methods.

Numerous big Industries have implemented the lean-to step up competition
worldwide [1]. This idea of lean is exceptionally well known and embraced in
numerous businesses including Toyota, Boeing and Ford. With numerous elucida-
tions for defining lean that have come to perplexity to recognize its effect. The
description of lean itself is tricky. Some expressed lean has philosophy than a
plethora of tools. On the other side, a viable and system approach depicts lean is an
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assortment of waste diminishment approaches. Also lean is a framework with the
primary objective to dispense waste. In any case, the common lean plan centres on
the diminishment of waste. The lean tactics offer technique, tools, practices, and
methodologies which can be useful to the manufacturing framework resulting in
fewer resources utilization and fewer wastes. Lean manufacturing is actualized
within manufacturing facilities since the effective usage by the Toyota Production
System (TPS). Lean Manufacturing is characterized as an approach that disposes of
all non-value added activities in production. Whereas lean centres the operational
part, green looks into environmental perspective. Green addresses ecological bal-
ance and includes distinctive apprehensions like a waste, air, water and land pollu-
tion along with recycling management to enhance productivity [2]. The European
Commission expressed the principles and practice of green in liaison with other
buffer zones thus creating green economy which enhances the product value with
lesser utilization of environmental-friendly resources everyplace conceivable. The
green economy is an imperative way to propel financial development in the
advancement of reducing carbon emission in process and products. From the green
development point of view, the World Bank (2012) characterized green growth as a
development effective in utilizing normal resources, limit contamination and natu-
ral impacts and resilient towards normal risks. Green development underscores
worldwide maintainability that empowers the world’s poorest and most powerless
to take advantage of proficient, clean and buoyant progress. Green also additionally
branded as the modern Lean wherein businesses have begun to provide support [3].
It is proved that green component primarily centres on cutting down contamination
by increasing the value using resources judiciously [4, 5].

Green manufacturing has numerous acknowledgements in the literature study.
Green Manufacturing is a trading technique that centres on productivity by the
responsive and active environmentally friendly process. It is also seen as a rejuve-
nation of the manufacturing sector [6]. It alludes to any Manufacturing unit which
employs innovation and renewable sources of energy whereas “Green” refers to
activity to decrease contamination and waste by the reduction in the resource. The
study reveals that industries that have implemented innovative green management,
not only progress but also fulfil the requests of the buyer to enhance reputation
among controllers and the public [7].

The collaboration within lean and green will encourage and improve perfor-
mance by creating valuable products and waste diminishment. This combination
has blended and intrigued many analysts. Numerous rudiments drive the accom-
plishment of Lean Green Manufacturing are examined within this chapter. Its usage
is a major challenge due to the want of a Lean green domain expert, thereby
deferring its execution and decrease in industry competitiveness. This chapter
surveys standard of Lean Green manufacturing and its execution strategies. Also
covers their metrics and determinants, challenges and future prospectus about Lean
Green manufacturing.

2. Lean Manufacturing

2.1 Introduction

Lean Manufacturing considered an important component of modern
manufacturing units, subsequent to industrial revolutions. It removes activities/
events that don’t add to the product value. Figure 1 depicts the milestones of Lean
Manufacturing. With the onset of first industrial revolution in the UK in early 1800
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by Eli Whitney where machines were for the first time used in manufacturing.
He conceived the idea of interchangeability which permitted a huge number of
unskilled labours to be employed in musket manufacturing which was considered as
a skilful job done by craftsman only during that time. This substantially enhanced
the scale of economics in the production units. The manufacturing units intensively
relied upon specific technologies till the late 1890’s when one F.W. Taylor brought
time study to reduce processing time. This approach measures and examines the
quantum of time essential for an operator to finish the given job by means of a
stopwatch thus establishing “Standard time” to complete a definite task. Subse-
quently, Process control chart by Frank and Lilian Gilbreth and followed by Motion
Study during early 1900. The process control chart is drawn to give an actual
picture of the manufacturing process and is used to take corrective and remedial
actions to improve the process. The motion study is a methodology adopted to
reduce unnecessary motions required to perform the task. Now both Motion study
and time study are improved further and integrated and to be called method
engineering. It assesses the engrossment of human beings with devices and guides
human beings to effectively accomplish the given task. These innovations are the
originators of waste elimination in terms of motion and idleness which are
considered as forms of waste in Lean Manufacturing.

2.2 Lean Manufacturing practices, principles and tools

Progress of Lean Manufacturing technique has a positive effect on the overall
performance of manufacturing SMEs. This evolution in manufacturing from a
traditional to lean method makes the SMEs have good productivity and in a modest
manner. Lean itself is a philosophy that encapsulates productivity. Any Lean
manufacturing principles are based on five principles constituting a systematic
framework to effect lean implementation as shown in Table 1 and pictorially in
Figure 2. These principles identify non-value added activities in a production
process using a variety of lean tools [8].

In short Lean Manufacturing, methodology improves productivity by creating
value and reduces 7 types of common wastes encountered in a production scenario
shown in Figure 3. In order to easily implement Lean manufacturing effectively in
SMEs, a variety of Lean tools are available to support SMEs in order to implement
lean. A variety of Lean tools are available as shown in Figure 5 and their selection
plays a very important role in improving the moral of SMEs in order to effectively
implement the Lean Manufacturing technique. Few lean tools at an outset look to be
similar in the name like process mapping or value stream mapping. Also, These
Lean tools can be adopted in any SMEs situated in any country with suitable

Figure 1.
The road map of Lean Manufacturing post-Industrial Revolution.
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adjustments. Also, applying the wrong lean tools may cause additional resource
consumption. In order to apply the correct lean tool, it is required to reclassify
criteria for selecting lean Tool and map it with a particular type of waste that needs
to be eliminated. So it requires a roadmap for implementing lean and it cannot be
done overnight.

On successful implementation of Lean tools in SMEs resulted in enhanced
Performance, Quality improvement, cycle time reduction. Lean tools enable
smooth, well-organized layout yielding a high-quality product with low waste in
SMEs Green factory shown in Figure 4. These tools have impacted significantly on
manufacturing cost performance, waste reduction and improved performance [6].

Figure 2.
The Five Principles of Lean and Green.

Lean Attributes Functions References

Value To recognize the customer’s need for the product. This determines
the willingness of the customer to purchase the product/service.

BMA
(2008);

Recognize Value
Stream

It makes the production department comprehend the Product life
cycle and recognize the process or stages that don’t add value to a
product.

Ensure Smooth flow In order to smoothen the value flow, identify and eliminate the
non-value-added process. Thereby raw material flows
interruptedly and the end-user receives the products smoothly.

Implementation of Pull-
Based Production

Here production is based on demand. Production will be scheduled
only based upon receipt of the Client order. This system requires
flexible manufacturing systems and an agile supply chain network.

Crawford
(2016)

Continuous
Improvement

Aim towards perfection constantly improving the process.

Table 1.
Five principle functions of Lean.
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2.3 Systematic implementation of Lean Manufacturing

Lean Manufacturing can improve existing productivity by eliminating non-
value-added activity in the production chain. Figure 5 enumerates vital lean tools
used in any industry. Even though there are benefits with effective implementation
of lean but still there will be few challenges left. Few lean tools incline towards
similar intent of value making and they complement one another. For illustration,
bottlenecking analysis, value stream mapping, continuous flow tools and Gemba
analysis are used for analyzing block diagram for upgrading the value [9]. Many
assortments of lean tools are available but due to poor guidance in mapping, the
appropriate lean tool to beset non-value-added activity is tedious.

Normally Lean experts use a blend of different lean tools to formulate combined
methods like Value stream mappings and kaizens. In the year 2015 a new model
which integrate lean with the Green concept and Six Sigma using Define, Measure,
Analyze, Improve, Control (DMAIC), which is parallelly implemented along with

Figure 3.
Waste list according to Lean Manufacturing.

Figure 4.
Green factory.
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Lean tools. To implement Lean Manufacturing the main basis is organizations
culture and leadership to influence the follower’s attitude and behaviour. Also, it is
required to overcome inhibitors and identify critical success factors that are critical
for implementing the integrated Lean Green model. Many studies discovered that
human resources management is a very important critical success factor to imple-
ment successfully Lean Manufacturing in any organization. For this to happen a
systematic top-down approach inside the SMEs is required [10].

3. Green Manufacturing

3.1 Introduction to Green Manufacturing

Global warming is escalating and people concerned are paying more attention to
a clean and green environment. Even though Lean enhances performance in the
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SMEs but does not consider any environmental factors during its implementation.
Green Manufacturing is popularly known as sustainable manufacturing, it is a
business strategy yielding profit through proactive environmental friendly
operating methods.

Green Manufacturing originated at the beginning of the 1990s by eco-innovation
is a novel production method leading to mitigating environmental pollution and
negative effects of resources utilized. Numerous research work has been done to
discover the green approach in SMEs. It is considered as an environmental and
economical-driven method to minimalize waste by designing an efficient process

Figure 5.
Top 25 Lean Tools with their applications.
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and selecting materials without compromising the environment factors. Only Best
practice should be adopted so that Green Manufacturing becomes effective. The
International Standard Organization (ISO) came up with an international standard
for Environmental Management System known as ISO14001 during the year 2013.
These standards act like a systematic continuous improvement tool to implement
Green Manufacturing.

3.2 Green Manufacturing Philosophies

In order to accomplish Green Manufacturing, there is a prerequisite to set up a
suitable method to achieve it. For this, there are one dozen Principles used as
strategies for designing a green manufacturing process as depicted in Figure 6.
Also, there is a need for assessment of product lifecycle, types of Energy and
material used. After further developments, a basic framework consisting of five
principles of Green Manufacturing was evolved as shown in Figure 7. The
objectivity of both approaches highlights assessment in a manufacturing SME
considering Product life cycle (PLC), by offering deep importance to eco-friendly
resources [11].

Figure 6.
Green Principles and their scope.
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The product lifecycle (PLC) rudiments viz., designing, procuring, manufactur-
ing, package and delivery, old product disposal and reuse, need to have Green
Manufacturing ingredients. After extending the further analysis of product lifecycle
stages, a more refined framework is evolved by polishing principles, practice and
tools involved in lifecycle design. The proposed framework has three main seg-
ments viz., design, development, manufacturing and services. This framework
emphasis on resource utilization, Production Planning and Control (PPC), product
assembly and warehousing, packaging. A environmental-based study reveals that
about 80% impact on social, economic and environmental is found out in the design
of the Product/Process. Therefore a new study Design for Environment (DfE) is
presented which includes elements of green technology in designing process/prod-
uct based on its impact on the Product life cycle. One more analysis called life cycle
assessment (LCA) on a product is comparatively vital in the first stage of product
design by analyzing key environmental factors that influence the complete product
life cycle [12]. These two analyses are closely related to emission/waste and are
important in assessing the product features leading to environmental pollution.

In a Product Along with DfE and LCA, energy consumption pattern plays a vital
role in SMEs. Nowadays Green Ideology is no longer a new word to the entire world.
It is defined as the “usage of science in the environment to preserve the resource
and environment to control the negative impact of human activity”. Few Energy-
efficient technologies viz., co-generation, photovoltaic, biogas, etc. can enhance the
green quotient of any SMEs. Even though settled green technologies are available
they are not utilized to their full potential. So a lot of changes are required in terms

Figure 7.
Refined Green Principles.
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of technology and knowledge in order to achieve complete Green Manufacturing.
Screening of new technologies to lessen pollution is a must-have a positive effect on
the Management of Energy by optimization of resources in SMEs. Example Gas
Turbine (GT) co-generation plant can cut operation cost by developing two or more
forms of energy from a single source [13].

A Material requirement planning system (MRP) should consider material iden-
tification, selection procurement and consumption to help in understanding both
quantitative and financial term. Also, an analytical model to assess and analyze the
effect of environmental risk factors during manufacturing which can produce dif-
ferent types of waste. Industrial collaboration lets SMEs acquire quality resources
having low waste deposition. This type of transformation process will involve
adaptation, replacement and circumvention steps.

• The adaptation steps involve collecting waste material from a collaborators
area and fed it as an energy source.

• The replacement steps will replace stock by adjusting the alternate stock.

• The circumvention step stresses reducing/eliminating waste generation that
may cause environmental pollution.

3.3 Enablers of Green Manufacturing

Green Manufacturing as similar waste reduction resourcefulness as Lean
Manufacturing. So it is important to bring into line green and lean waste in order to
bridge the void between both approaches and also correlate them to improve per-
formance. Typical green wastes like greenhouse gases, high resource consumption
like energy, water etc., pollutant, rubbish, and Safety and health [13].

An interview conducted with SMEs in Indian Industrial clusters (i.e. Foundry,
garments and printing press etc.) on green technology and it was found out imped-
iments for implementing Lean and green approach. The productivity of the work-
force and lack of Lean and Green expert in SMEs results from sluggish
implementations of Lean and Green. Also, Low or No cost improvement in SMEs is
always welcomed because the management of these SMEs are not keen on huge
investment in new technology, since they don’t possess the required expertise and
proficient employee to lead the team. Also return on investment is also important to
convince the management. If SMEs focus on smaller energy-efficient equipment it
can pay substantially towards overall growth. One main observation in SMEs is if
any wing in a manufacturing SMEs if initiated with green technology will go on to
complete the implementation.

According to a survey on the Energy consumption pattern by International
Energy Outlook (2016), it was found that industry alone is consuming 55% of the
world energy, and consumption is increasing by 2.1% in 2018. This Energy produc-
tion and consumption of fossil fuel is the main reason for global warming. The main
factors which can control this undesirable consumption rate are the legislature,
corporate image, competition, and tax holiday. Also, stakeholders of SMEs can
create an urge towards Green Manufacturing. Government play a pivotal role in
encouraging and backing the SMEs in implementing Green Manufacturing. To
achieve these mandate, the government has offered tax holidays for SMEs who have
gone green and funding’s and the incentive is given to Green SMEs will augment
Green Manufacturing. One such case is of the Japanese government, which have
shown commitment and zeal in realizing the green approach by introducing the
Joint Crediting Mechanism (JCM) to have low-carbon technology collaboration
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with few developing countries. In return, Japan will have reduced total Green
House Gas (GHG) emissions. Green technology like cogeneration/tri-generation
can step up energy generation capability.

Today, educated customers have more awareness of global climate change and
they can put pressure on the SMEs to include Green Manufacturing technology in
their units. The customers are often pressurized and demand manufacturer which is
directly related to competitor pressure. Many companies have improved their image
and public perception by adopting green manufacturing technologies through their
corporate social responsibility. Along with ISO 9000 certification for design and
manufacturing company have to adopt green manufacturing technologies in order
to acquire ISO14000 certification related to an environmental management system.
ISO 14001 certified companies assess their supplier’s environmental performances
and compel their suppliers to adopt environmental practices [14].

Research unveils that Green Manufacturing mainly focuses on pollution, energy
and waste management. Many SMEs around the globe have prioritized Green
Manufacturing technologies and subsidy/incentives are given for their successful
implementation. In facts, some SMEs have started green in their organizations
without comprehending its actual benefits.

4. Lean integrated with Green Manufacturing

The objective of both the approach is same i.e. minimizing non-value-added
activities they can very effective when unified and implemented simultaneously.
The growth of Lean and Green manufacturing approach is recently initiated and not
more than the past decade mainly both by researchers and Industrialist as shown in
Figure 8.

Both Lean and Green Manufacture are similar and effective approaches that can
improvise global competition by improving productivity with zero-waste. Various
apps have been developed for Lean Manufacturing that can support SMEs to inte-
grate smart systems in their up and downstream processes thereby completely
reducing waste and later it Green Manufacture can be accomplished with a positive
vibe on operational and environmental performances.

Figure 8.
Commonalities between Green and Lean Manufacturing.
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Research shows that Lean Manufacturing creates a positive impact on the envi-
ronment because these lean SMEs possess the ability to cut environmental pollution.
SMEs who have adopted Lean Manufacturing for continuous improvement in their
facilities resulted in high efficiency and better environment-friendly performance.
Especially lean tools can be used to achieve Green Manufacture.

Implementation of Green Manufacturing has impacted positively on many SMEs
by allowing the production utilities to perform better. It develops compatibility
between environment and operation Management. The lean and Green approach is
mutually complementary and augments the capability and efficacy of operations
when related individually [15]. Both have the same objectives i.e. to enhance per-
formance, quality, Lead time thereby reducing operation cost and creating a prod-
uct with high values. This reveals the cross association between both manufacturing
systems.

The integration of both approaches based on attributes like public and organi-
zation, waste, lead time, supply chain, tools, practices, performance indicators.
Figure 9 depicts the connection and lapping of Lean and Green, at an outset, both
have the same traits but differently defined. The main similarity is in their objec-
tives of waste reduction. It is seen that lean can maximize profit by reducing cost
while green reduces environmental hazards thereby maintain ecological balance.
Even though in Figure 3 different objectives are stated for the lean and green
approach, the Lean approach guarantees effective resource utilization by eliminat-
ing waste while the green approach reduces environmental pollution. So it can be
said that both having different waste elimination approach but the same waste is
targeted. This illustrates the symbiosis relation between the two approaches.

4.1 Impediments in the path of Lean and Green Manufacturing

Various Lean and Green tools are developed for its implementation but there is
no validation of these method/model for an application in Figure 10. Manufactur-
ing and Industrial engineering attract the attention of researchers in this area’s

Figure 9.
Opportunities for Green manufacturing.
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leading to advancement. Also, management commitment is a key factor in
implementing Lean and Green manufacturing and wherever there is a lack of
organizational responsibility it becomes the main impediments for its implementa-
tion. Using the Management strategy and direction, the Lean and Green approach
can be used as a continuous improvement program [16].

Lean and Green model can correlate waste data by using a systematic approach
to support and realize d the benefit of this approach. Lean handles aids SMEs to
transfer lean knowledge to the employee. From the operations perspective total
productive maintenance (TPM) with root cause analysis are capable of smoothen-
ing production operation and from the green perspective, consumption can be

Figure 10.
Lean vs. Green.
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controlled by optimization approach. By adopting energy management total opera-
tion cost can be cut off using energy saving opportunities. Environmental emission
are continuously monitored and controlled by regulators in place. Today’s SMEs is
market demand driven, thus they need to adapt rapidly to latest technologies and
performance boosters.

Figure 11 list trials faced while implementation of Lean green. The first step
towards a green economy is the importance of endorsing teaching and training to
the top management for their commitments towards implementing Lean and
Green. For this Stake, holders are SMEs, NGOs, lean experts, Lean practitioners and
academicians who can inculcate lean as well as green culture. Along with this,
strong government backing is a must. Many SMEs are facing financial constraints in

Figure 11.
Affiliation amid lean -green methods.
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implementing the Lean Green approach in their setup, so government policies play
a vital role in facilitating funds through financial institution’s. An important utility
is the Management Information System (MIS) for the collection of Data and per-
formance index, this enables SMEs to categorize problems and assess the efficacy of
solution [17]. Also employing a capable individual to implement and progress Lean
and Green is a big challenge. After reviewing the literature it is observed that there
is no organized framework and analytical model to guide SMEs in refining their
overall performances as shown in Figure 12.

5. Future work

The necessity to meet demands globally without harming the Environment.is the
order of the day for many SMEs. Industry 4.0 posed challenges for SMEs in acquir-
ing advanced technologies to be competitive. The digitalization of manufacturing
has led the shift in industrial Engineering popularly recognized as industrial
revolution 4.0 and resulted in smart factories, smart products and smart services
embedded with the Internet of Thing (IoT). It integrates the production system
with intelligence and creates new technology [18].

Today researchers have formulated guidelines for SMEs for implementing Lean
and Green manufacturing. Collecting Data is the key to enhance SMEs perfor-
mance. Using this data one can analyze operation parameters to step up productiv-
ity, quality and efficiency. To accomplish this SMEs need to embrace Industry 4.0,
wherein the variety of smart sensors, expert system, advance solver, intelligent
devices and data acquisition systems are a must. This requires huge investment by
SMEs, who are not in the position to afford this upgradient. Therefore there exist a
void in implementing Industry 4.0 with a confidence level within SMEs, with
respect to the huge investment cost and global competition. To fill this void a model
depicting flow in implementing Lean and green process of Industry 4.0 compliant is
shown in Figure 4. This model can be implemented with confidence by SMEs at an

Figure 12.
Impediments of lean -green implementation.
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affordable price. In order to adopt and implement Industry 4.0 an efficient data
management system for further analysis permits continuous improvement.

A Lean and Green framework is proposed with collecting data and Lean and
Green agenda as shown in Figure 13. This proposed framework primarily comprises
five key elements such as manpower, money, machine, material and environment
(5me). This proposed L&G framework alters 5me with the amalgamation of the
green element. “Manpower” is the main element in SMEs, it has to adapt to the
latest manufacturing technology, so a positive environment is a must for adapting
rapidly. On the other hand, employee retention and capacity building are vital to

Figure 13.
Planned Process chart for Lean and Green.

Figure 14.
Proposed Lean and Green manufacturing framework.
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any SMEs functioning globally. There is relationship between cost-saving, effi-
ciency and sustainability, the Money factor is a direct indicator of the performance
index of an SME. Next is “machine”, SMEs depends on a machine for manufactur-
ing, so optimization of machine performance will improve production efficiency
and create a continuous improvement environment for the employee to strive for
better performance [19]. The element “material” includes resources like raw mate-
rials, products, logistic and storage, quality are considered. Finally, “environment”
is involved to signify the green facet of the framework and it contributes severely to
global warming and climate change.

These five major elements will help SMEs to implement the Lean and Green
approach by giving direction regarding decision making by creating a multiple-
criteria decision making (MCDM) tool which can help the organization to take the
right decision based on their operational behaviour.

Also by using this proposed framework SMEs will be able to bridge the gap
between an implementation using simulation technique used in implementing
Industry 4.0. by combined development and analysis of process automation. The
framework aims to overcome the barrier in implementing Lean and Green in the
industry as shown in Figure 14.

6. Conclusion

The essentials of the Lean and Green facet has a foundation for beginners to
comprehend the concepts of both is made. This integration leads to the synergy
between Lean and Green yielding good result benefiting both environmental and
operational performances. This chapter outlines the principles of Lean and Green
manufacturing, tools for its application, enablers and inhibitors of this technology.
The study reveals that due to ignorance, poor planning and no government policy to
support and industries in implementing this approach. Total involvement of man-
agement within SMEs is a must for successful implementation. After identifying
impediments of this integrated management still cannot implement effectively due
to the shortage of experts in this domain. This chapter has reviewed the literature
and identified the research gap amongst the barriers and implementation tools
adopted, to fill this gap, a Lean Green framework model is developed to overcome
the barriers of implementation. The ingredients of this proposed Lean and Green
model are Men, Material, Machine, Money and Environment [20]. This model
through simulation can fill the research gap to enhance the rate of implementation
of this Lean and Green approach. This chapter can act as a primer to SMEs for a
better understanding of Lean and Green, also to aid them to effectively implement
sustainability in their manufacturing facilities. This chapter motivates and inspires
SMEs to adopt Lean and Green manufacturing and to become Industry 4.0
compliant.

Abbreviations
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ISO International Standard Organization
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LM Lean Manufacturing
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SMED Single minute exchange die
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Chapter 13

Lean Manufacturing Practices and 
Environmental Performance
Ruhet Genç

Abstract

Lean manufacturing is considered a rewarding production strategy due to its 
positive effects on organizational and economic efficiency in various industries. 
Given the growing ecological consciousness, environmental achievements of lean 
manufacturing also incorporate a strong economic relevance. The main objec-
tive of this chapter is, therefore, to investigate the impact of lean manufacturing 
practices on environmental performance and the existing coherences between Lean 
and ecologically oriented variables such as resource usage, energy consumption, 
and air pollution. The methodology is literature review evaluating the findings of 
research in this sphere. Besides the discussion of its principles and methods, current 
trends and challenges regarding lean production as a business model that supports 
eco-efficiency are presented. The implications of this study will allow executives to 
better recognize and simultaneously solve both the economic and environmental 
problems posed by their companies.

Keywords: lean manufacturing, environmental impacts, eco-efficiency, lean, 
environmental performance

1. Introduction

Lean Manufacturing, also known as Lean Production [1], has long been consid-
ered an advantageous manufacturing method in various companies and industries 
on a global level as it aims for continually improving quality and efficiency in 
production process [2, 3]. It is essentially about eliminating the activities that do 
not add value in the production and seven types of waste, also referred as muda in 
lean settings [4] and includes several techniques such as Total Quality Management, 
Just-in-Time [5], Kanban, and Jidoka [6]. It has become essential with the increased 
price competition that companies experience in face of changing customer demands 
for goods and services by helping them produce same amounts at the lower costs.

In response to growing concerns for environmental issues since the early 1990s, 
stemming from the climate change and exhaustion of natural resources, the rela-
tionship between Lean and environmental performance has been a critical topic in 
business and manufacturing literature especially from 2008 onwards [7]. Moreover, 
numerous companies adopted lean measures to advance their manufacturing meth-
ods for decreasing their environmental burdens since Lean Manufacturing focuses 
on increasing production efficiency and decreasing waste.

Considering the higher efficiency provided by lean systems, which is the reduc-
tion in energy and material resources needed per unit output, the waste of produc-
tion such as the emissions to air and water, generation of solid or hazardous waste, 
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and chemical hazards abated along with the high costs of production. Thus, lean 
methods may alleviate environment by means of its inherent emphasis on waste 
reduction even though they do not automatically involve environmentally respon-
sible intentions [8]. Research shows that although lean systems may not directly aim 
for reducing environmental effect, changing the production system to lean resulted 
in higher efficiency in energy consumption and in less waste [9].

The fact that incorporating lean manufacturing techniques may address envi-
ronmental waste problem even without prioritizing it led companies to adopt lean 
activities. By integrating environmental considerations, lean manufacturing may 
provide businesses with long-term benefits such as environmental sustainability 
and recognition as a responsible corporate citizen. In this regard, companies 
embraced lean practices to reduce their ecological footprint for maintaining a better 
public opinion. Furthermore, many of them considered the “triple bottom line” of 
economic, environmental, and social concerns into consideration and took precau-
tions on a bigger scale than those necessitated by the regulatory bodies [10].

The main objective of this study is therefore to provide insights into the contribu-
tion of lean manufacturing practices and measures for achieving a better environ-
mental performance of manufacturing systems and the existing relationship of these 
two concepts. This is accomplished through a literature review along with a critical 
discussion of the findings. Focusing on the meaning of the green concept waste, lean 
manufacturing is described as a rising business model for endorsing environmental 
efficiency. The most effective lean practices and their tools in relation to supporting 
greener production are underlined. The improvement of the environmental measures 
of the firms that adopt the lean manufacturing principles, the reduction in ecological 
impacts stemming from their industrial operations are highlighted. The results of this 
study are of interest to scholars as well as to business managers to better understand 
and overcome environmental problems encountered by their business organizations.

2. Lean and green manufacturing: environmental impacts

2.1 Lean manufacturing concept and practices

Lean manufacturing techniques and methods, which provides higher efficiency 
than that its successor mass production processes, is based in Toyota Production 
System [2, 11] and the term ‘Lean Production’ was first coined by John F. Krafnick 
[12, 13]. To accomplish the aims like productivity, efficiency, profitability, product 
diversity, improved product quality, and customer satisfaction at higher levels 
[2, 14], the most vital practices of lean approach according to several scholars in 
the literature [5, 15–19], the tools they employ and their main contributions to 
 production are presented in Table 1.

These practices, namely just-in-time (JIT), total productive maintenance 
(TPM), autonomation, value stream mapping (VSM) and kaizen or continuous 
improvement (CI), have been implemented by manufacturing businesses across the 
globe to realize the above-mentioned purposes of lean systems.

The five principles of Lean Production concept [1], displayed in Figure 1, are 
established to manage and minimize waste, which in turn protect the environment. 
Within the context of lean, waste which is considered any activity that does not 
add value to a product comes in seven main types and eighth types is included by 
Jeffery K. Liker [24]. These are in the form of overproduction, waiting, unnecessary 
transport, over processing, excess inventory, unnecessary movement, defects, and 
unused employee creativity as they are shown in Table 2 along with their effects on 
environment.
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2.2 Green lean concept and principles

Recently, carbon footprint and the environmental efficiency of the manufactur-
ing companies has been an important topic [25] and green manufacturing concept 
whose goal is to continually incorporate better environmental conditions of manu-
facturing operations with the aims of mitigating air, water and land pollution that 
may pose threats to humans and other species and lessening the use of raw materials 
and energy, has emerged [26, 27]. It is defined as a series of activities that focuses 
identifying, measuring, evaluating, and managing the environmental waste created 
in various areas of production such as designing, manufacturing and planning [28].

Green manufacturing has both product and process perspectives. Concerning 
the product perspective, green manufacturing intends to produce eco-friendly 
products, keep the use of resources at a minimum level, and use materials that does 
not damage the nature. As for process perspective, it aims for minimum consump-
tion of raw materials and energy, minimum dispersion of hazardous substances and 
minimum generation of waste [29].

Lean practice Tools Principle

Just-in-time (JIT) Pull systems
Takt time
One piece flow
Levelled production
Cell manufacturing
Visual control
Kanban
JIT purchasing
Multifunctional employees

Reducing space utilisation, 
inventory cost and wastes that 
result from the overproduction

Total productive 
maintenance (TPM)

Single minute exchange of die (SMED)
Overall equipment effectiveness (OEE)
Planned maintenance
5S
Quality maintenance
Autonomous maintenance
Initial control before starting 
production
Safety and hygiene environment

Optimising predictive, preventive 
and corrective maintenance 
activities to achieve efficient and 
proficient production equipment

Autonomation/jidoka Visual control systems
A full working system
mistake proofing devices

Reducing quality defects

Value stream mapping 
(VSM)

Flow diagrams
Current and future state maps

Illustrating, identifying and 
measuring waste during the 
production process

Kaizen/continuous 
improvement (CI)

5S
Continuous flow
Run charts
Five whys
Brainstorming
Data check sheet
Kanban
Pareto chart
Gantt chart
Mistake proofing
Process maps
VSM

Removing waste by improving 
operations gradually and 
continuously and sustaining lean 
system after its adoption

Table 1. 
Most Essential Practices of Lean Manufacturing, adapted from [15, 16, 20–23].
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Considering this definition of green manufacturing, lean and green production 
have common features as both endeavors to diminish waste and to boost the effi-
ciency of production operations [30–34]. Green manufacturing is seen as the posi-
tive side-effect [34], a natural extension of lean manufacturing [25] in  academic 
literature.

2.3 Lean manufacturing and its impact on environmental performance

Since its introduction, lean manufacturing has become a significant model in 
manufacturing industry as a successful process in contributing to competition 
capacity of organizations [35]. Nevertheless, the growth in ecological concerns due 
to climate change, environmental degradation and exhaustion of natural resources 
has compelled the manufacturing establishments to take steps beyond organiza-
tional quality by adopting more environmentally sustainable activities and strate-
gies. Therefore, the study of lean and green production has grown into a crucial 
component of the environment protection agenda [2, 36, 37] and the relationship 
between these two concepts along with their impacts on environmental perfor-
mance captured the attention of scholars.

Most studies refer that lean manufacturing supports environmental perfor-
mance of organizations. Evidence shows that adoption of lean systems minimizes 
waste and pollution [32, 34, 38]. With its fundamental principle being zero waste 
[39], lean manufacturing reduces emissions of contaminants by decreasing 

Figure 1. 
Five Principles of Lean Manufacturing, adapted from [1].

Waste type Main effects

Overproduction More pollution and more raw material use

Waiting More energy consumption, risk of damage on materials, overuse of space

Transport More energy consumption, risk of damage on products

Over processing More material and energy consumption, more pollution

Inventory More material consumption, risk of damage on products, overuse of space

Movement RISK of damage on equipment and product, overuse of energy

Defects More resource consumption, rework, less recycling opportunities

Table 2. 
Seven Types of Waste and Their Effects, adapted from [14].
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many types of operational waste such as disposed materials and unnecessary use 
of energy or water [40]. Furthermore, waste reduction aims of lean are inher-
ently ecological such as unnecessary transportation of products or raw materials 
[27, 31, 37], whose elimination reduces the unnecessary use of resources along with 
operational costs [31], and overuse of inventory whose reduction has both financial 
and  environmental benefits [25].

In addition, organizations engaged in lean systems tend to embrace environmen-
tal innovations [41]. Lean practices result in less pollution through lower marginal 
cost of activities that aim for pollution reduction or through lower cost of finding 
new ways of pollution prevention. Research indicates that capacity of improving 
operations is enhanced by adoption of lean practices [42], and that higher search 
costs may prevent managers from discovering new opportunities for environmental 
protection and investing in them [43].

Being a multifaceted concept, lean approach corporate several practices that 
intends to achieve the objective of efficiency. Among them JIT practices are used 
the most and considered one of the most beneficial lean practice with its tools 
serving to show environmental wastes in production [44, 45]. Also, studies show 
that VSM generates less emissions to air, less energy use, and more savings [46, 47] 
and positively affects the amount of solid waste, hazardous substances, water 
consumption and water pollution [48, 49]. As for kaizen, also known as continuous 
improvement, it detects and removes hidden wastes and ameliorates the amounts 
of hazardous chemicals use, water use, savings, water pollution, solid waste [48], 
material use and emissions to air [48, 50]. TPM affects positively the use of materi-
als as it optimizes the condition of production equipment which in turn supports 
more efficient use of raw materials with less waste [20, 51] whereas JIT reduces 
the consumption of material through increasing quality by reducing inventory 
[15, 21, 52]. In addition, Vais et al. [53] confirmed that adoption of lean practices 
and tools such as 5S, kaizen and autonomous maintenance optimizes the number 
of resources used and products manufactured which improve the environmental 
performance of organizations.

In contrast to positive effects of implementing lean practices on environmental 
performance, some studies show that lean manufacturing adoption may cause 
negative effects [25, 32, 54, 55]. For instance, a study demonstrated that firms may 
incorporate lean systems but air emissions of volatile organic compounds during 
the production is not reduced [56]. Furthermore, it is presented that quality may be 
improved by way of consuming more hazardous substances to secure rust-proofing 
[57] and that more frequent trips for delivery of supplies generates more green-
house gas emissions [58].

However, overall there is a strong evidence that there is a positive opinion on the 
effects of lean manufacturing on improved ecological performance particularly in 
the context of continuous improvement and waste reduction. Most scientific work 
on the subject shows that lean production reduces overuse of material and energy 
by continuously advancing operational productivity.

3. Conclusion

Lean manufacturing is accepted as a worthwhile production technique in many 
industries by the importance of leading higher efficiency and waste (muda) reduc-
tion. Alongside the lean concept, environmentally friendly production strate-
gies have also become an issue of interest. Many companies aim for developing 
products in a way that reduce environmentally detrimental effects of production 
such as overconsumption of resources and energy, using of hazardous chemicals, 
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and emissions to air, water and land. Lean and Green manufacturing practices both 
concentrate waste reduction and thus synergic effects on environment. Several 
studies presented that lean systems inadvertently create ecological gains.

Concerning the air emissions, the findings are controversial suggesting that 
organizations should critically manage JIT activities as they may cause more air 
emissions [39, 59]. Although there are a few environmental drawbacks of lean sys-
tems, most of the studies demonstrates that there is a positive correlation between 
adopting lean manufacturing practices and improving environmental conditions.

© 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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Chapter 14

Circular and Lean Food Supply 
Chains
Stella Despoudi

Abstract

Circular economy (CE) refers to the industrial economy that aims to achieve 
enriched sustainability through restorative objects and supply chain design. Many 
governments have put in place different initiatives in line with the CE. On the other 
hand, the term Lean operations refers to the reduction of the non-value adding 
activities and waste in a supply chain. The food sector has been criticized for its sus-
tainability and circularity due to the high levels of food and packaging waste and at 
the same time the increasing costs. Although food supply chain entities have started 
to implement circular economy and lean practices, the current efforts do not seem to 
be sufficient to achieve a circular and lean food system. The aim of this chapter is to 
explore the possibility of a circular and at the same lean food supply chain.

Keywords: circular economy, lean supply chain, food supply chain, sustainability

1. Introduction

In the past 20 years, interest in the notion of supply chain management has 
been growing rapidly in both global academia and business world. Behind this are 
the rapid changes in the global economic environment, the increasing variety of 
products, the increasing demand for delivery deadlines, the shorter product life 
cycle and the increasing expectations of consumers for products and services [1]. 
At the same time, with the continuous development of e-commerce, globalization 
and offshoring of production, the complexity and related risks of supply chain 
management also increase [2]. These new factors also promote the increasing inter-
est of enterprises in supply chain management and re-examine their supply chain 
strategy.

In the early view of supply chain management, the scope of supply chain 
management is only discussed within the enterprise, and then it gradually derives 
to the relationship and cooperation between the enterprise and the upstream and 
downstream enterprises [3]. Moreover, it is no longer confined to the manufactur-
ing industry, for a variety of industries, even the service industry, supply chain 
management has shown its significance. Today, supply chain management has 
become a more comprehensive concept. It covers all the processes from raw material 
suppliers to end customers. All the links that have an impact on cost and satisfy-
ing end customer needs are included in the scope of discussion by supply chain 
management.

However, at the same time, due to the increasing global environmental issues, 
it also puts forward new topics and higher requirements for modern supply chain 
management [4]. Since the industrial revolution in the 18th century, human society 
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has undergone tremendous changes with the development of science and technology. 
In this process, the production technology is progressing rapidly, the scale of produc-
tion is expanding constantly, and the production efficiency is advancing rapidly  
[5–7]. However, the progress of society and science and technology not only brings 
great economic benefits to people, but also has a tremendous impact on the environ-
ment. People blindly pursue economic benefits, thus excessive exploitation of natural 
resources, not only lead to regional environmental pollution, but also make some 
global environmental problems such as global warming, biodiversity reduction and 
marine pollution [8, 9]. Moreover, statistics show that more than 2.4 billion people 
have been affected by climate-related disasters from 2002 to 2012, an increase of 700 
million over the last decade [10]. These environmental issues have threatened the 
living environment of human beings and will affect the sustainable development of 
society. As a result, people began to pay attention to the seriousness of environmental 
problems and try to seek measures for improvement and sustainable development.

Governments in various countries have promulgated laws and regulations to 
regulate green manufacturing in enterprises in the early 21st century. The EU has 
promulgated RoHS, WEEE and REACH directives, which regulate the supply chains 
of different industries from different aspects, requiring them to become a greener 
supply chain [11]. Meanwhile, some international NGOs are also involved in this 
series of actions. The International Organization for Standardization has developed 
ISO14000 series environmental management standards to manage and plan the 
activities, products and services of all organizations, including global enterprises 
and social groups [12].

Academia has also paid more attention to and discussed the environmental 
responsibility of enterprises. Although there are many debates on corporate social 
responsibility, most scholars agree that enterprises, as an important factor of social 
composition, are obliged to undertake certain environmental responsibilities [13]. 
Elkington [14] also put forward the theory of triple bottom line in 1998, which 
expresses that corporate profit, social responsibility and environmental respon-
sibility are the foundation of enterprises, and also the foundation of enterprises’ 
continuous development and long-term development [14].

Finally, with the waste of resources and the increasingly serious environ-
mental pollution, consumers have also begun to pay more attention to the 
environmental protection behind products and services [15, 16]. The change of 
environmental willingness of American consumers from 2008 to 2013. It can be 
found that 71% of consumers will take environmental factors into account when 
shopping in 2013, up from 66% in 2008. This means that companies need to meet 
the growing environmental needs of consumers, so companies also need to make 
the supply chain greener, which can also enable them to have more competitive 
advantages in the market competition. In the context of these three factors, 
enterprises need to make their supply chains more environmentally friendly and 
sustainable, whether from the perspective of government mandatory supervi-
sion, or to meet the needs of consumers, or for the sustainable development of 
companies.

As an industry closely related to people’s daily lives, food industry has huge 
direct or indirect impact on the environment. Moreover, as an important part of the 
global economy, the food supply chain is also closely related to the consumption of 
natural resources and the emission of pollution [17]. At the same time, the research 
also shows that activities related to food packaging, transportation and waste 
disposal account for 5–10% of global greenhouse gas emissions, and this figure is 
expected to continue to rise [18]. On the other hand, food safety is an important 
topic of global concern, and also the top priority of the food industry. This means 
that for food companies, under the important premise of ensuring food safety, they 
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also need to solve the challenges from the environment, so that their supply chain 
need to have as little impact on the environment as possible [19]. As a result, an 
environmentally friendly and sustainable supply chain is particularly important for 
the food industry.

In such an overall environment, many new concepts about supply chain manage-
ment have emerged, including green supply chain management, sustainable supply 
chain management, closed-loop supply chain, lean supply chain, reverse logistics 
and so on. These concepts provide enterprises with a more environmentally friendly 
supply chain development model from different perspectives, enabling them to re-
examine their supply chain strategy [20]. Similarly, circular economy, as a relatively 
new concept, emphasizes the sustainable use of resources and energy in the eco-
nomic activities, thereby minimizing its impact on the environment [21]. Another 
supply chain practice which is hugely involved in the manufacturing industry is 
the philosophy of Lean production systems from Toyota [22]. The purpose of lean 
supply chain management to eliminate waste and non-value adding activities by 
optimizing the supply chain by adopting a wide range of lean practices/tools (e.g. 
Total productive maintenance, just in time, 5 s, Total quality maintenance and 
Kanban card). Both lean and circular economy are becoming essential elements for 
successfully managing supply chains and in particular food supply chains. However, 
their interrelationship has not been widely discussed especially in the food sector.

2. Lean and circular supply chains

This section starts with a definition of lean production and a discussion of the 
origins and practices of lean. This is followed by a discussion of the lean tools. After 
that, the definition of circular economy, the practices of circular economy i.e. 3 Rs, 
and the definition of the circular supply chain. Then the characteristics of the food 
supply chain are discussed. The chapter concludes with a critical discussion of the 
circular and lean supply chain characteristics.

2.1 Definition of lean

Krafcik [23] first introduced the lean concept after studying global automotive 
manufacturing, with a specific focus on deciphering the inner workings of Toyota’s 
production system. At their core, lean practices aim to streamline the flow of value by 
systematically reducing waste during the manufacture of a product [23]. However, it 
was Womack et al. [24] who first produced a consolidated study that claimed that five 
core lean principles could be applied to every industry [24]. They are:

1. Specifying value creation

2. Identifying the value streams of the production process and eliminating waste

3. Creating flow in the production line from supplier to customer

4. Creating pull, by allowing customer demand to be the driver

5. Striving to achieve the four aforementioned principles through a systematic 
approach towards continuous improvement

Whilst the lean concept is nothing new, it was observed by Baker [25] that there 
are few organizations which fully understand the underlying philosophy behind 
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its key principles [25]. However, Liker [26] identified that for lean production 
practices to be effective, they needed to be rooted in a people-centric system where 
employees are directly involved in the identification and implementation of contin-
uous improvement [26]. This organizational approach was also identified by Hines 
et al. [27], who focused on the idea of Total Quality Management (TQM) [27]. TQM 
requires the development of an overall organizational culture which moves beyond 
the production floor. This is demonstrated by the myriad of businesses who have 
unsuccessfully attempted to implement lean practices. This organisational approach 
was also identified by Hines et al. [27], who focused on the idea of Total Quality 
Management (TQM) [27, 28]. Academic studies have looked at such failures, iden-
tifying some common factors as responsible for businesses being unable to success-
fully enact them. These are: the complexity of lean management implementation; 
the limitations on a successful impact caused as a result of contingency factors; a 
focus on Just-In-Time (JIT) practices without sufficient consideration for other key 
aspects of Operations Management (OM); and the lack of attention paid to Human 
Resource Management (HRM) Further, the difference between those that were 
successful and unsuccessful was the implementation of ‘soft’ lean practices, such as 
small group problem solving, training to complete multiple tasks, supplier partner-
ships, customer involvement, and continuous improvement.

2.2 Origin of lean production and lean principles

In retrospect, the term Lean Production System (LPS) was introduced into 
world industry in order to enhance and maximize efficiency throughout manu-
facturing processes which became a suitable model for modern manufacturing 
companies to design processes and procedures in their firms. According to Western 
industry and Japanese industry, Western world industry employed automation, 
production systems and computer-aided technologies to enhance manufacturing 
process whereas the Japanese industries invented a customer-value focused method 
called “Lean Manufacturing” which also known as “Lean production” [29]. It has 
become a major driving force of modern business’ success and has widely accepted 
by the companies [30].

The philosophy of Lean was originated by Toyota in the 1950s by Taiichi Ohno. 
The techniques aim to eliminate all the wastes and excess (called as Muda) from the 
production system. Lean Production has principles to avoid eight causes of waste 
which are storage, transport, accessibility of processes, unnecessary movement, 
waiting times, overproduction, tight tolerances, defects and lastly, unused skills of 
the employees. Lean principles were further developed which includes the following 
techniques: value of customers, value stream mapping, flow production capability, 
pull system and eliminate all forms of waste. More supportive evidence by Bicheno 
and Holweg [31] state wastes as “non-value added” to the companies which are the 
factors needed to be minimized to zero as much as possible and maintain value-
added activities (what customers are willing to pay for) in the same or higher level 
[31]; Practically, it’s inevitable in any businesses that wastes will occur.

VDI [32] commented on lean production as “an enterprise-specific methodi-
cal system of rules for the continues orientation of all enterprise processes to the 
customer in order to achieve the largest by the enterprise management” which can 
lead to a continuous improvement process (CIP) internally [32]. CIP was defined 
as a “frame of thought and the proceeding actions for formalized, targeted and 
progressive improvement of activities.” and became significantly important to all 
firms who interested in leans [33]. In order to be successful in terms of continuous 
improvement of production, integration of the following principles below is needed 
where the Lean Production principles’ symbols shown by House of Lean Production 
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in and Tripathi, D. [34], “Relationship between TQM and TPM implementation 
factors and business performance of manufacturing industry in Indian context”, 
International Journal of Quality & Reliability Management [35]. However, all of 
these cannot be done or implemented if a company has a wrong mindset with 
 business culture, leadership and coaching.

2.3 Lean production tools/practices

This section will discuss six lean production tools/practices which are: 5 s Total 
productive maintenance (TPM), Total quality management (TQM), Value stream 
mapping (VSM), Kanban, and Just in time (JIT).

One of the important topics in implementing lean is lean production tools since 
lean principles were mentioned in the previous part, to find appropriate tools to be 
used in organization is essential to achieve those principles. An interesting quote 
from Abraham Maslow in 1966 for his hierarchy of motivation “It is tempting, if 
the only tool you have is a hammer, to treat everything as if it were a nail” so as lean 
tools which all firms need to identify their objective before using any lean tools. 
This can be observed on SMEs companies; these firms will firstly focus on the most 
necessary lean practices rather than a piecemeal one where most of them start 
implementing lean by using these tools such as 5 s, Kanban and Total productive 
maintenance (TPM). “SMEs should start with minimal financial investment on 
lean practices such as, Kanban, 5s and Honshin” due to their incapability to imple-
ment everything at once, so it’s exceptional to choose the easiest or cheapest. 5S, 
one of the most common tools in lean because it’s easy to do without the needs of 
expense. As its name, it has 5 of S which are, Sort, Set-in-order, Scan, Standardize 
and Sustain. The objective to reorganize workplaces and create a strong mindset for 
an entire company as a whole in order to maintain workplaces in good condition and 
promised the employees to be more self-discipline [35]. Another related practice to 
5 s is called Total productive maintenance (TPM), “a maintenance program which 
involves a newly defined concept for maintain plants and equipment” [36].

The benefits of using TPM is to minimize defects, breakdown and accidents as 
much as possible in all functional workplaces, also involve entire organization to 
work together as a team by sharing knowledge and experience. Moreover, it shares 
the same principle to 5 s, which is to keep the workplace clean and sustainable [36]. 
One of the tools that are worth to mention is Total quality management (TQM), 
the tool that shares similarities with TPM and often used interchangeably [37]. The 
main concept of TQM is to have continuous improvement in all work; it means that 
from strategic planning and decision-making to the execution in the shop floor 
[38]. The principle of TQM is that mistaken from human, which might be occurred 
from faulty systems, needed to be prevented from a repetition of the same mistake 
by establishing the new process.

The next tool is called Value stream mapping (VSM), an effective tool for the 
practice of lean manufacturing. It is used to visualize the steps needed from the 
beginning of product creation until delivering to end-customer. The map will help 
us to identify where in the process is a bottleneck so operators could identify and 
improve it. Lastly, a well-known lean method called Kanban, aims to minimize 
inventory at any one time [39]. It is used to indicate when the demand of product 
is available in the specific circumstances so production can operate in the right 
time. Kanban system is very popular in Japanese companies due to the cost saving 
by avoiding overproduction, improving flexibility in each work stations, reducing 
inventory stock, waiting times and logistics costs. Kanban is one of the methods 
used to achieve Just-in-time manufacturing (JIT), a management philosophy 
implemented and designed by Taiichi Ohno, 1998. Just-in-time (JIT) is most widely 



Lean Manufacturing

222

adopted and practices recently in several organizations, which aims to have the right 
items with certain quantity and quantity in the right place and time [40].

2.4 Definition of circular economy

The early thought of circular economy can be tracked back to ‘the spaceship 
theory’ mentioned by Boulding in ‘Economics of the coming spaceship earth’ in 
1966. Boulding [41] stated that in an isolated and closed spacecraft, due to limited 
resources, if resources are not recycled, it will eventually go to destruction, the 
same is true of the earth [41]. After Boulding put forward this theory, people began 
to realize the importance of sustainable development to human beings. Then, in 
1989, Pearce and Turner formally and systematically put forward the concept of 
circular economy, and explained the transition from traditional linear economy to 
circular economy.

However, since the different proposed antecedents and scopes, different litera-
ture give different answers to the definition of circular economy. Circular economy 
is an economic development mode that minimizes material, energy and environ-
mental damage without restricting economic growth and social and technological 
progress. Hobson [42] defined circular economy as a regenerative industrial system, 
which aims to eliminate waste and be regenerate mainly through better design of 
material, system and business model [42]. Murray et al. [43] claimed that circular 
economy is an economic model that achieves ecosystem optimization through ratio-
nal design and management of resources, procurement, production and recycling 
processes [43].

Although there is no comprehensive and commonly accepted definition of 
circular economy at present, some common goals are revealed in relevant literature. 
First of all, most of the definitions of circular economy in the literature mention 
that circular economy is used to replace the traditional linear economy, and through 
intentional design and management to make the economic model restorative 
[44]. Govindan and Hasanagic [45] pointed out that because the traditional linear 
economy did not consider the impact of natural resources and human resources, 
such as social capital, the use of circular economy to replace the linear economy 
can make resources reflect not only economic value but also environmental and 
social value [45]. Secondly, relevant literature also point out that circular economy 
is to minimize the waste and damage of natural resources and environment caused 
by economic development. Thirdly, circular economy aims to improve economic, 
social and environmental values rather than pursuing economic values alone [46]. 
Last but not least, at the macro level, circular economy system are more resilient 
because they rely less on external resources [47]. A common point of most circular 
economy definitions: closed flow of materials and the use of materials in multiple 
stages. As a result, the above five points explain the goal of circular economy, and 
this also gives a clearer framework and direction for this research’s further discus-
sion. Although there is no comprehensive definition of circular economy at present, 
considering the characteristics of supply chain, this study will follow Murray et 
al.’s definition: circular economy is an economic model that achieves ecosystem 
optimization through rational design and management of resources, procurement, 
production and recycling processes.

2.4.1 “3R” principles

The 3R principles refer to reduction, reuse and recycle. As the core principles 
in the practice of circular economy, 3R principles have been widely discussed in 
many studies [48]. In the Circular Economy Promotion Law promulgated by the 
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Chinese government in 2008, the Chinese government also directly defined circular 
economy as a reduction, reuse and recycling activity in the process of production, 
circulation and consumption [49]. Thus, it can be seen the 3R principles are of great 
significance in the practice of circular economy.

• Reduction principle

Reduction is the first principle in the 3R principles, which means  reducing 
resource consumption and waste generation through better design or man-
agement at the production and consumption stage [50]. The purpose of 
reduction principle is to improve from the source of production stage, so as to 
reduce materials and energy entering the production and consumption stage. 
Therefore, the reduction principle is aimed at requiring businesses to start 
considering material and energy savings and waste reduction at the input end, 
rather than making great efforts on recycling or waste disposal stage after the 
waste is generated. For enterprises, there are many measures to implement 
reduction principle. Using environmentally friendly raw materials, environ-
mentally friendly production methods, simpler packaging design and more 
compact and lightweight product design are all effective ways for enterprises to 
implement reduction principle. Enterprises can also better apply the principle 
of reduction by improving their ecological efficiency, although ecological 
efficiency also plays a positive role in the other two principles.

• Reuse principle

Reuse principle refers to the reuse of product or product packaging in an 
initial form as many times as possible and in various forms, so as to prevent it 
from becoming waste too early. Extending the service life of products as far as 
possible is also a requirement of the reuse principle. The implementation of 
the reuse principle means that companies can save a lot of resources, labor and 
energy to manufacture new products or components and packaging of prod-
ucts [51]. However, the principle of reuse also puts forward a higher require-
ment for companies. Prendeville et al. [52] pointed out that the company not 
only needs to be able to design products with longer service life, but also needs 
to consider how to encourage consumers to recycle and reuse products or 
packages [52]. Therefore, it also shows that the principle of reuse not only puts 
forward certain requirements for enterprises, but also depends on the attitude 
and participation of consumers. In the process of implementing reuse prin-
ciple, all stakeholders need to participate, including consumers’ recycling and 
reuse of products and packaging.

• Recycle principle

The recycle principle refers to the recycling of wastes as much as possible 
through the reprocessing of wastes, so that they can be converted into use-
ful resources and thus reduce the generation of non-recyclable garbage [53]. 
There are also two ways of recycling wastes: primary recycling and secondary 
recycling. Henshaw et al. [54] mentioned that primary recycling refers to 
recycling and processing waste to form new products or packages identical to 
the original (such as using scrap steel to produce new steel) [54], while second-
ary recycling refers to using waste as raw materials for other products with 
different properties without considering the original properties of waste. The 
principle of recycling can be used to control the end of the waste generation, 
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so that the waste can be re-entered into the production or consumption stage, 
which also reduces the possible environmental pollution. However, once a 
company pays too much attention to the recycling process and achieves good 
results, it will not be interested in controlling the amount of waste.

2.5 Definition of circular supply chain

Under the trend of globalization, the importance of supply chain manage-
ment has become increasingly prominent. Many scholars even emphasize that the 
competition among enterprises today is the competition among supply chains [55]. 
At the same time, how to make the supply chain greener and more sustainable has 
become a key issue under the situation that all parties are paying more and more 
attention to environmental protection [56, 57]. With the continuous development 
of circular economy concept, an increasing number of scholars begin to study the 
application and practice of circular economy in various fields and levels. As a result, 
the application of circular economy in supply chain has naturally become a hot 
research topic.

When discussing the concept of circular supply chain, many scholars will 
compare several concepts of supply chain sustainability with that of circular supply 
chain [58]. These concepts related to supply chain sustainability are mainly reverse 
logistics, green supply chain, sustainable supply chain and closed-loop supply chain. 
Although these concepts cannot fully contain the meaning of the circular supply 
chain, the four concepts each contain some scopes and circular flows of the circular 
supply chain. Reverse logistics enables products or materials to flow reversely from 
consumers, the end point of the supply chain, to each node of the supply chain along 
the supply chain channel, so that discarded or damaged products can regain their 
value and avoid becoming waste. The definition of green supply chain refers to the 
purpose of minimizing the impact on the environment from raw material acquisi-
tion, processing, production, packaging, warehousing, transportation, consume to 
scrap disposal [59]. Sustainable supply chain management emphasizes a broader and 
comprehensive supply chain strategic management, taking into account the environ-
mental, economic and social factors in supply chain management, so as to achieve 
the goal of long-term sustainability of the supply chain [60]. Finally, as a relatively 
new concept, closed-loop supply chain integrates the forward and reverse supply 
chains and covers the whole life cycle of products from cradle to grave, in order to 
close the flow of materials and reduce pollution and waste generation [61].

The above concepts of supply chain sustainability include some circular flows of 
the circular supply chain, but not all scopes and circular flows. The model of circular 
supply chain needs to be extended on the basis of closed-loop supply chain, and the 
extension point is the scope and focus of material recovery system. For the scope, 
post-production management should be taken into account in the circular supply 
chain so as to include open-loop in the supply chain; for the focus, the value chain 
system of the circular supply chain also needs to be derived from the related by-
product synergies and waste recovery flows. As a result, Batista et al. [58] defined the 
circular supply chain as “The coordinated forward and reverse supply chains via pur-
poseful business ecosystem integration for value creation from products or services, 
by-products and useful waste flows through prolonged life cycles that improve the 
economic, social and environmental sustainability of organisations.”

2.6 Characteristics of food supply chain

Food industry as an industry closely related to people’s daily life, because 
of the particularity of food itself, food supply chain also has many different 
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characteristics. Maloni and Brown [62] pointed out that due to the food safety and 
hygiene, the product quality requirements of food supply chain are strictly regu-
lated [62]. At the same time, food supply chain is also highly dependent on the envi-
ronment because of its vulnerability to deterioration. Similarly, due to the limitation 
of shelf life, the change of raw materials, semi-finished products and final product 
quality change is also a challenge for the food supply chain. Moreover, Papaioannou 
et al. [63] also stated that the food supply chain has inherent uncertainties in 
demand, process and suppliers [63]. First of all, it is not easy to forecast the demand 
of customers, and the food supply chain also needs to face further challenges from 
the disturbance of weather changes and customer preference changes. At the same 
time, due to yield changes, seasonal factors, some perishable food and other factors, 
its supply and production and storage process will also face certain uncertainties 
and risks.

3. Circular and lean food supply chain

Today’s business environment is a very dynamic one with the rapidly chang-
ing consumer preferences, which pressures the business to respond to custom-
ers’ needs and wants, become more sustainable, and cost efficient. In recent 
years, sustainability has become an emerging goal of food supply chain due to 
the sustained attention of various aspects to environmental issues. According 
to Consumers are increasingly interested in the sustainability behind products 
(raw materials, procurement, packaging and transportation). In addition, due to 
the pressure of government regulation and consumers’ increasing awareness of 
environmental issues in consumption, many enterprises are forced to turn their 
supply chain model into a circular supply chain. However, the circular food sup-
ply chain can also bring many other benefits to the company. For instance, Beske 
et al. [64] pointed out that circular supply chain can help companies provide 
consumers with higher quality and safer food [64]. Geissdoerfer et al. [65] also 
mentioned that the circular supply chain can reduce food waste, improve brand 
benefit and increase long-term profits [65–67]. As a result, food companies need 
to use a circular supply chain to improve their customer loyalty and competitive 
advantage.

At the same time, some scholars also discussed challenges faced by the circular 
food supply chain. Carbon emissions and other environmental pollution of the 
food supply chain (waste cooking oil supply chain) after the implementation of 
the circular supply chain and concluded that the impact of the supply chain on the 
environment has been significantly reduced, but the short-term economic benefit 
is still a challenge. Food waste is caused by food packaging, so food packaging is a 
challenge for the circular supply chain. In addition, many farmers in developing 
countries generally lack sustainable knowledge, which may affect the implementa-
tion of the circular supply chain Finally, weak regulation of laws and regulations, 
lack of pressure from the market and lack of support from other stakeholders in 
the supply chain are all challenges faced by the circular food supply chain. Circular 
economy brings the advantages renewability, reusage and recycling that the food 
sector needs.

On the other hand, lean supply chain provides food companies with a series 
of practices that optimize supply chains through more efficient routes and usage 
of materials, cost efficiency and better management of customer demand. Due 
to the simplicity of lean principles, high productivity, short lead-time, and 
improved overall efficiency were able to replace the decline of Computer Integrated 
Manufacturing (CIM) and became the standard of today’s manufacturing practice. 



Lean Manufacturing

226

Many research studies carried out in manufacturing industries showed that the 
owners are likely to adopt lean principles to the production due to the advantages 
that they acquire regardless of its scale. This is because either small or large busi-
ness has its advantages of lean principles. The biggest size of SMEs is taken place in 
China with less than 999 employees, where in EU & UK estimated should be less 
than 250 employees. SMEs aim to have a better relationship with higher flexibility 
and strong work communication internally to have a simple and clear infrastruc-
ture for everyone to follow. On the contrary, large businesses aim to find access 
to resources and exploit them which will allow them to capitalize a market with a 
better lean supply chain than SMEs.

Lean production can help to reduce inventories for manufacturers since high 
inventories can result in inventory costs and available workplaces are minimized. 
Also, it can decrease any unnecessary times in supply chains such as lead times for 
customers, changeover time in using machineries and idle time of workers and 
educate managerial skills to upper managers and improved unskilled workers in 
the production. Applying lean principles, company will gain advantages in terms 
of increasing availability of machines and reducing manpower, bettering work 
environment in terms of higher safety and more organized workplace and also, 
more cost saving and higher profits as all potential wastes are eliminated, all hidden 
will also be eliminated.

Nevertheless, even though there are many advantages from applying lean 
principles, there are barriers obstructing lean productions to be implemented, 
which taken in accounts every organizations. Lean production is not suitable for 
applications that have high variations of customer demands and highly custom-
ized product. This is because lean principle aims to balance the flow production, 
which cannot respond to the rapid change in demand fluctuation. Thus, the 
lean idea such as Just-In-Time (JIT) can be ambiguous to be implemented in the 
production. Availability of supplies can also cause trouble since lean aims to 
keep only a small amount of inventory in the production in order to minimize 
unnecessary cost. This will trouble companies if unexpected circumstances 
occur such as employee strikes, error on products and transportation delays 
which can damage customer relationships and whole supply chains. Another 
factor is financial plan since it needs huge investment to develop regard to train-
ing cost, purchasing cost and takes huge amount of time to revolutionize entire 
organizations to have strong mindset; some employees are not willing to change 
their traditional way of working and afraid to make any mistakes regard to the 
new system.

4. Conclusion

The purpose of this chapter was to discuss the possibility of having circular and 
lean food supply chains. The chapter started with an introduction to the need for 
circular and lean food supply chains. Then this was followed with the definition of 
lean production, a discussion of the origins and practices of lean and the lean tools. 
After that, the definition of circular economy, the practices of circular economy i.e. 
3 Rs, and the definition of the circular supply chain were explained. Then the char-
acteristics of the food supply chain were discussed. The chapter concludes with a 
critical discussion of the circular and lean supply chain characteristics. It is evident 
that both approaches can be combined in order to bring the ideal and desirable food 
supply chain of the future. Of course, none of them is panacea, and therefore food 
companies that wish to implement such practices need to adapt them to their own 
needs and abilities.



227

Circular and Lean Food Supply Chains
DOI: http://dx.doi.org/10.5772/intechopen.99769

Author details

Stella Despoudi1,2

1 University of Western Macedonia, Grevena, Greece

2 Aston University, Birmingham, UK

*Address all correspondence to: aff00841@uowm.gr

© 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. 



228

Lean Manufacturing

[1] Stadtler, H. (2014). Supply Chain 
Management: An Overview. Springer 
Texts in Business and Economics, 
pp.3-28.

[2] Gereffi, G. and Lee, J. (2012). Why 
the World Suddenly Cares About Global 
Supply Chains. Journal of Supply Chain 
Management, 48(3), pp.24-32.

[3] Simatupang, T. and Sridharan, R. 
(2005). The collaboration index: a 
measure for supply chain collaboration. 
International Journal of Physical 
Distribution & Logistics Management, 
35(1), pp.44-62.

[4] Fahimnia, B., Sarkis, J. and 
Davarzani, H. (2015). Green supply 
chain management: A review and 
bibliometric analysis. International 
Journal of Production Economics, 162, 
pp.101-114.

[5] Spanaki, D, Karafili, E, Despoudi, S. 
(2019) Data Sharing in Agriculture 4.0: 
Concepts and Challenges, EurOMA 
Conference 2019 – Finland.

[6] Spanaki, K; Sivarajah, U; Fakhimi, 
M; Despoud, S; Irani, Z, (2021a) 
Disruptive Technologies in Agricultural 
Operations: a meta-review of AgriTech 
and AI Research, Annals of Operations 
Research, In press.

[7] Spanaki, K; Karafili, E; Sivarajah, U; 
Despoud, S; Irani, Z (2021b) Artificial 
intelligence and food security: swarm 
intelligence of AgriTech drones for 
smart AgriFood operations, Production 
Planning and Control, In press.

[8] Despoudi, S, Papaioannou, G, Dani, 
S (2020a) Producers Responding to 
Environmental Turbulence in the Greek 
Agricultural Supply Chain: Does Buyer 
Type Matter?, Production Planning and 
Control, https://doi.org/10.1080/095372
87.2020.1796138

[9] Despoudi, S., (2020b). Green Food 
Supply Chain, In Galanakis, C. (Ed) 
Food Industry and the Environment 
https://doi.org/10.1016/
B978-0-12-816449-5.00002-3.

[10] Munich Re (2013). RISKS AND 
CHANCES OF CLIMATE CHANGE. 
[online] Available at: https://iumi.com/
images/Berlin2015/3Press
ies/16.09._09.40_Hoeppe_Handout.pdf

[11] Koh, S., Gunasekaran, A. and Tseng, 
C. (2012). Cross-tier ripple and indirect 
effects of directives WEEE and RoHS on 
greening a supply chain. International 
Journal of Production Economics, 
140(1), pp.305-317.

[12] Montabon, F., Melnyk, S., Sroufe, R. 
and Calantone, R. (2000). ISO 14000: 
Assessing Its Perceived Impact on 
Corporate Performance. The Journal of 
Supply Chain Management, 36(2), 
pp.4-16.

[13] Bondy, K., Moon, J. and Matten, D. 
(2012). An Institution of Corporate 
Social Responsibility (CSR) in Multi-
National Corporations (MNCs): Form 
and Implications. Journal of Business 
Ethics, 111(2), pp.281-299.

[14] Elkington, J. (1998). ACCOUNTING 
FOR THE TRIPLE BOTTOM LINE. 
Measuring Business Excellence, 2(3), 
pp.18-22.

[15] Despoudi, S., Papaioannou, G., 
Saridakis, G. & Dani, S. 2018. Does 
collaboration pay in agricultural supply 
chain? An empirical approach. 
International Journal of Production 
Research, 56, 4396-4417.

[16] Despoudi, S., 2016. An Investigation 
of the Collaboration – Postharvest Food 
Loss Relationship and the Effect of the 
Environmental Turbulence Factors. 
Loughborough University. https://

References



229

Circular and Lean Food Supply Chains
DOI: http://dx.doi.org/10.5772/intechopen.99769

dspace.lboro.ac.uk/dspace-jspui/
bitstream/2134/21785/1/Thesis-2016-
Despoudi.pdf

[17] Halkier, B. (2001). Risk and food: 
environmental concerns and consumer 
practices. International Journal of Food 
Science and Technology, 36(8), 
pp.801-812.

[18] Vermeulen, S., Campbell, B. and 
Ingram, J. (2012). Climate Change and 
Food Systems. Annual Review of 
Environment and Resources, 37(1), 
pp.195-222.

[19] Ala-Harja, H. and Helo, P. (2014). 
Green supply chain decisions – Case-
based performance analysis from the 
food industry. Transportation Research 
Part E: Logistics and Transportation 
Review, 69, pp.97-107.

[20] Masi, D., Day, S. and Godsell, J. 
(2017). Supply Chain Configurations in 
the Circular Economy: A Systematic 
Literature Review. Sustainability, 
9(9), p.1602.

[21] Ghisellini, P., Cialani, C.  
and Ulgiati, S. (2016). A review on 
circular economy: the expected 
transition to a balanced interplay of 
environmental and economic systems. 
Journal of Cleaner Production, 114, 
pp.11-32.

[22] Vinodh, S., Prakash, N.H. and 
Selvan, K.E. (2011), “Evaluation of 
leanness using fuzzy association rules 
mining”, International Journal of 
Advanced Manufacturing Technology, 
Vol. 57 No. 1, pp. 343-352.

[23] Krafcik, J., 1988. Triumph of the 
lean production system. MIT Sloan 
Management Review, 30(1), pp. 41-52.

[24] Womack, J., Jones, D. & Roos, D., 
1990. The Machine That Changed  
the World. New York: Rawson 
Associates.

[25] Baker, P., 2002. Why is lean so far 
off?. Works Management, Volume 
October, pp. 1-4.

[26] Liker, J., 2004. The Toyota Way: 14 
management principles from the world's 
greatest manufacturer. New York: 
McGraw Hill Professional.

[27] Hines, P., Martins, A. & Beale, J., 
2004. Testing the boundaries of lean 
thinking: Observations from the legal 
public sector. Public money and 
management, 28(1), pp. 35-40.

[28] Bateman, N., 2005. Sustainability: 
the elusive element of process 
improvement. International Journal of 
Operations & Production Management, 
25(3), pp. 261-276.

[29] Sanders, A., Elangeswaran, C. & 
Wulfsberg, J., 2016. Industry 4.0 Implies 
Lean Manufacturing: Research 
Activities in Industry 4.0 Function as 
Enablers for Lean Manufacturing. 
Journal of Industrial Engineering and 
Management, 9(3), pp. 811-833.

[30] Kolberg, D. & Zuhlke, D., 2015. 
Lean Automation enabled by Industry 
4.0 Technologies. IFAC Conference, pp. 
1870-1875.

[31] Bicheno, J. and Holweg, M. (2009). 
The Lean Toolbox: The Essential Guide 
to Lean Transformation. Buckingham: 
Production and Inventory Control, 
Systems and Industrial Engineering 
(PICSIE) Books.

[32] The Association of German 
Engineers (VDI). (2012). Guideline 
2870-1 – Lean Production Systems – 
Basic principles, introduction and 
review. Beuth, Berlin.

[33] Thomas MASCHEK, 
Khashayar KHAZRAEI, Sabine 
HEMPEN and Jochen DEUSE. (2011). 
Managing Coutinuous Improvement 
Process as an Organizational Task in 



Lean Manufacturing

230

Course of a Century, Chair of Industrial 
Engineering, Dortmund, Germany: 
Technische Universität Dortmund.

[34] Seth, D. and Tripathi, D. (2005), 
"Relationship between TQM and TPM 
implementation factors and business 
performance of manufacturing industry 
in Indian context", International Journal 
of Quality & Reliability Management, 
Vol. 22 No. 3, pp. 256-277.

[35] Sui Pheng, L. (2001). Towards 
TQM – integrating Japanese 5-S principles 
with ISO 9001:2000 requirements. The 
TQM Magazine, 13(5), pp.334-341.

[36] Venkatesh, J. (2005). An 
Introduction to Total Productive 
Maintenance (TPM), The Plant 
Maintenance Resource Center, pp 2-3

[37] Seth, D. and Tripathi, D. (2005), 
"Relationship between TQM and TPM 
implementation factors and business 
performance of manufacturing 
industry in Indian context", 
International Journal of Quality & 
Reliability Management, Vol. 22 No. 3, 
pp. 256-277.

[38] Hashimi, K. (2012). Introduction 
and Implementation of Total Quality 
Management (TQM) - iSixSigma. 
[online] iSixSigma. Available at: https://
www.isixsigma.com/methodology/
total-quality-management-tqm/
introduction-and-implementation-
total-quality-management-tqm/

[39] Rahman, N., Sharif, S. and Esa, M. 
(2013). Lean Manufacturing Case Study 
with Kanban System Implementation. 
Procedia Economics and Finance, 7, 
pp.174-180.

[40] D. K. Singh and Dr. Satyendra 
Singh. (2013). JIT: A Strategic Tool of 
Inventory Management, International 
Journal of Engineering Research and 
Applications (IJERA) ISSN: 2248-9622, 
Vol. 3, Issue 2, March -April 2013, 
pp.133-136

[41] Boulding, K.E., 1966. The 
economics of the coming spaceship 
earth. In: Jarrett, H. (Ed.), 
Environmental Quality in a Growing 
Economy: Essays From the Sixth RFF 
Forum. Routledge, pp. 3-15.

[42] Hobson, K. (2015). Closing the loop 
or squaring the circle? Locating 
generative spaces for the circular 
economy. Progress in Human 
Geography, 40(1), pp.88-104.

[43] Murray, A., Skene, K. and Haynes, 
K. (2015). The Circular Economy: An 
Interdisciplinary Exploration of the 
Concept and Application in a Global 
Context. Journal of Business Ethics, 
140(3), pp.369-380.

[44] Mendoza, J., Sharmina, M., 
Gallego-Schmid, A., Heyes, G. and 
Azapagic, A. (2017). Integrating 
Backcasting and Eco-Design for the 
Circular Economy: The BECE 
Framework. Journal of Industrial 
Ecology, 21(3), pp.526-544.

[45] Govindan, K. and Hasanagic, M. 
(2018). A systematic review on 
drivers, barriers, and practices 
towards circular economy: a supply 
chain perspective. International 
Journal of Production Research, 
56(1-2), pp.278-311.

[46] Despoudi, S. & Dora, M. (2020c) 
Circular food supply chains. 2020 
Institute of Food Science and 
Technology.

[47] Geng, Y. and Doberstein, B. (2008). 
Developing the circular economy in 
China: Challenges and opportunities for 
achieving 'leapfrog development'. 
International Journal of Sustainable 
Development & World Ecology, 15(3), 
pp.231-239.

[48] Lieder, M. and Rashid, A. (2016). 
Towards circular economy 
implementation: a comprehensive 
review in context of manufacturing 



231

Circular and Lean Food Supply Chains
DOI: http://dx.doi.org/10.5772/intechopen.99769

industry. Journal of Cleaner Production, 
115, pp.36-51.

[49] Cecc. (2008). Circular Economy 
Promotion Law of the People's Republic 
of China (Chinese and English Text) | 
Congressional-Executive Commission 
on China. [online] Available at: https://
www.cecc.gov/resources/legal-
provisions/circular-economy-promotion- 
law-of-the-peoples-republic-of-china- 
chinese

[50] Ying, J. and Li-jun, Z. (2012). Study 
on Green Supply Chain Management 
Based on Circular Economy. Physics 
Procedia, 25, pp.1682-1688.

[51] Castellani, V., Sala, S. and Mirabella, 
N. (2015). Beyond the throwaway 
society: A life cycle-based assessment of 
the environmental benefit of reuse. 
Integrated Environmental Assessment 
and Management, 11(3), pp.373-382.

[52] Prendeville, S., Sanders, C., Sherry, 
J., Costa, F., 2014. Circular Economy: Is 
it Enough?[online] Available at: https://
www.researchgate.net/profile/Sharon_
Prendeville/publication/301779162_
Circular_Economy_Is_it_Enough/
links/5727a2be08aef9c00b8b4ddd.pdf

[53] Ying, J. and Li-jun, Z. (2012). Study 
on Green Supply Chain Management 
Based on Circular Economy. Physics 
Procedia, 25, pp.1682-1688.

[54] Henshaw, J., Han, W. and Owens, A. 
(1996). An Overview of Recycling 
Issues for Composite Materials. Journal 
of Thermoplastic Composite Materials, 
9(1), pp.4-20.

[55] Storey, J., Emberson, C., Godsell, J. 
and Harrison, A. (2006). Supply chain 
management: theory, practice and 
future challenges. International Journal 
of Operations & Production 
Management, 26(7), pp.754-774.

[56] Brandenburg, M. and Rebs, T. 
(2015). Sustainable supply chain 

management: a modeling perspective. 
Annals of Operations Research, 229(1), 
pp.213-252.

[57] Geng, Y., Zhu, Q., Doberstein, B. 
and Fujita, T. (2009). Implementing 
China’s circular economy concept at the 
regional level: A review of progress in 
Dalian, China. Waste Management, 
29(2), pp.996-1002.

[58] Batista, L., Bourlakis, M., Smart, P. 
and Maull, R. (2018). In search of a 
circular supply chain archetype – a 
content-analysis-based literature review. 
Production Planning & Control, 29(6), 
pp.438-451.

[59] Mishra, N., Kumar, V. and Chan, F. 
(2012). A multi-agent architecture for 
reverse logistics in a green supply chain. 
International Journal of Production 
Research, 50(9), pp.2396-2406.

[60] Zorzini, M., Hendry, L., Huq, F. and 
Stevenson, M. (2015). Socially 
responsible sourcing: reviewing the 
literature and its use of theory. 
International Journal of Operations & 
Production Management, 35(1), 
pp.60-109.

[61] Govindan, K. and Soleimani, H. 
(2017). A review of reverse logistics and 
closed-loop supply chains: a Journal of 
Cleaner Production focus. Journal of 
Cleaner Production, 142, pp.371-384.

[62] Maloni, M. and Brown, M. (2006). 
Corporate Social Responsibility in the 
Supply Chain: An Application in the 
Food Industry. Journal of Business 
Ethics, 68(1), pp.35-52.

[63] Papaioannou, G, Mohammed, A, 
Despoudi, S Saridakis, G, 
Papadopoulos, T. 2020 The role of 
adverse economic environment and 
human capital on collaboration within 
agri-food supply chains, International 
Journal of Information Management, 
52, https://doi.org/10.1016/j.
ijinfomgt.2020.102077.



Lean Manufacturing

232

[64] Beske, P., Land, A. and Seuring, S. 
(2014). Sustainable supply chain 
management practices and dynamic 
capabilities in the food industry: A 
critical analysis of the literature. 
International Journal of Production 
Economics, 152, pp.131-143.

[65] Geissdoerfer, M., Savaget, P., 
Bocken, N. and Hultink, E. (2017). The 
Circular Economy – A new 
sustainability paradigm?. Journal of 
Cleaner Production, 143, pp.757-768.

[66] Despoudi, S. (2019) 8 - Optimized 
food supply chains to reduce food losses. 
Saving FoodProduction, Supply Chain, 
Food Waste and Food Consumption, 
227-248.

[67] Despoudi, S, (2021) Challenges in 
reducing food losses at producers’ level: 
the case of Greek agricultural supply 
chain producers, Industrial Marketing 
Management, in press, https://doi.
org/10.1016/j.indmarman.2020.09.022





Lean Manufacturing
Edited by Karmen Pažek

Edited by Karmen Pažek

Lean manufacturing is a process used in production to maximize efficiency and 
minimize waste by considering sustainability and the environment. This book presents 

a comprehensive overview of lean manufacturing in various enterprises, including 
manufacturing, construction, and the fabric and textile industry, among others. 

Chapters cover such topics as barriers to lean manufacturing, enterprise modeling, 
lean practices and circular economies, and more.

Published in London, UK 

©  2021 IntechOpen 
©  InWay / iStock

ISBN 978-1-83969-149-2

Lean M
anufacturing

ISBN 978-1-83969-151-5


	Lean Manufacturing
	Contents
	Preface
	Section 1
Lean Manufacturing Concepts in Enterprises
	Chapter1
Application of Lean in a Small and Medium Enterprise
	Chapter2
Lean and Kaizen: The Past and the Future of the Methodologies
	Chapter4
Effect of Lean Practices on Organizational Performance
	Chapter5
Enhancement of Textile Supply Chain Performance through Optimal Capacity Planning
	Chapter6
From Lean Manufacturing to Lean Construction: How Principles, Tools, and Techniques Evolved
	Chapter7
Model-Based Enterprise Continuous Improvement
	Chapter8
Single Minute Exchange of Dies: Classical Tool of Lean Manufacturing
	Chapter9
Lean Manufacturing as a Strategy for Continuous Improvement in Organizations
	Chapter10
Development of Integrated Lean Six Sigma-Baldrige Framework for Manufacturing Waste Minimization: A Case of NAS Foods Plc
	Chapter11
Analysis, an Anathema: IsThat a Fervent Diatribe of Lean?

	Section 2
Lean Manufacturing Practices and Environment
	Chapter12
Lean Manufacturing towards Green Manufacturing Practices and Its Implementation in SME’s
	Chapter13
Lean Manufacturing Practices and Environmental Performance
	Chapter14
Circular and Lean Food Supply Chains


