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Summary  

Lean production has emerged in the past decades as one of the most popular subjects in business 

and manufacturing literature and it is the most widespread production paradigm currently applied 

in industry. The lean paradigm is characterized by five principles (value, mapping the value stream, 

flow, pull and continuous improvement) and by the relevance of reducing waste (muda). In 

parallel, the environmental performance of a company in terms of pollution prevention and 

reduction of the use and waste of resources is an issue increasingly concerning both firms and 

customers in recent years. This focus on these topics has fostered an area of research that it is 

frequently acknowledged as green production. Lean and green production paradigms are both 

focused on waste reduction and various scholars have studied their relationships (common points 

and divergences) and the synergic effects of joining these two management approaches. However, 

the impact of lean practices on environmental performance is still unclear, as limited empirical 

research has been conducted in this field. From this idea arises the aim of this research, which is to 

analyse the relationship between lean and environmental performance in manufacturing with a 

strong empirical focus. This research was carried out in two main stages: a review of the relevant 

literature as an exploration stage and a multiple case study analysis in five manufacturing 

companies to empirically analyse the aforementioned impacts. Onsite data were collected from 

firms during a time span of research of five years, involving archival data and developing semi-

structured interviews. Besides, a cross-case analysis was carried out to map the possible 

relationships between lean practices and environmental measures. The findings of this thesis 

indicate that the environmental performance of the companies analysed is generally enhanced in 

the long-term after the implementation of lean practices. Moreover, the results from the multiple 

case study suggest that the environmental performance of the firms under study is mainly 

improved using JIT and TQM practices in a lean transformation context. These results are perfectly 

aligned with the preliminary evidences obtained in the literature review analysis developed in this 

thesis and provides robustness to the conclusions obtained. The research findings provide a better 

understanding of the phenomena, unveil new evidences and can be particularly useful for both 

researchers and practitioners who are facing the challenge of studying and implementing lean 

without omitting environmental performance goals, sharing efforts as much as possible. 
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Chapter 1. Introduction 

This introduction chapter provides briefly some background to the research, then explains the 

problem statement and research gaps, subsequently sets the objectives of the thesis and formulates 

the research questions, and finally concludes giving an overview of the research with a description 

of the thesis structure. 

1.1 Background 

The Lean production system (Womack and Jones, 1996) is the most extended production paradigm 

nowadays with its practices and methods initiated by Toyota (Toyota Production System) between 

1950 and 1960 which have been replacing conventional methods in manufacturing industries. This 

philosophy is based on the pillars of "doing more with less", becoming closer and with focus on 

delivering customer value, and it is settled in the five lean principles: value, mapping the value 

stream, flow, pull and seek perfection. Additionally, due to the currently intense pressure to utilize 

the resources optimally, lean management pursues the reduction of non-value-added activities in 

the whole processes of the company and sets up seven types of waste, also known as muda in lean 

atmospheres (Womack and Jones, 1996; Ohno, 1988). 

In parallel, the notion of Sustainability appeared as the "development which meets the needs of 

current generations without compromising the ability of future generations to meet their own 

needs" (Brundtland, 1987). The aim of sustainable strategies is to facilitate the creation of 
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favourable situations by aligning three dimensions of the company also known as triple bottom 

line or 3BL, these are: social, economic and environmental. These dimensions are really present in 

corporate decisions and in social responsibility strategies of firms and are in continuous emergence 

and on demand by stakeholders and institutions.  

Limiting the sustainability concept with an environmental performance view, arises the notion of 

Green manufacturing (Van Berkel et al., 1997) which "aims a continuous integration of 

environmental improvements of industrial processes and products to reduce or prevent pollution 

to air, water and land; to reduce waste at the source; and to minimize risks to humans and other 

species". It is possible to relate the waste reduction orientation of lean production with the 

sustainable manufacturing concept which is "the creation of manufactured products which use 

processes that minimize negative environmental impacts, conserve energy and natural resources, 

are safe for employees, communities, and consumers and are economically sound” (U.S. 

Department of Commerce, 2010). 

In brief, to be competitive in industry, organizations must combine more than ever products or 

services with higher quality levels, with significant cost reductions and in less production and 

delivery times. Simultaneously, firms have to be socially responsible and be aware of their 

implications for the environment. Lean manufacturing may help firms in the achievement of both 

objectives if they demonstrate real commitment and awareness about their effects on the 

environment, however companies should be cautious on this since lean implementation could also 

lead to unexpected negative impacts. 

1.2 Problem statement and research gaps 

Among the most important factors of the increasing importance of environmental performance is 

the fast depletion of natural resources that has forced companies to continuously improve their 

processes pursuing environmental efficiency strategies. Consequently, central to the definition of 

green production is the theme of waste reduction management which is present in many 

approaches for reducing environmental impacts. From this point of view, it seems that lean 

production and sustainable/green production have many elements in common since both are 

focused on reducing waste and increasing efficiency of production processes. This shared objective 
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of waste reduction between both economic (lean) and ecologic (green-sustainable) approaches was 

the issue that originated this research. 

Recently several academics have analysed the possible relationships between the adoption and the 

effects of both lean and green production paradigms. The results achieved to date are not always 

consistent with themselves, some studies strongly highlight the existence of a positive relationship 

while others are more cautious by suggesting that lean practices’ implementation does not always 

enable environmental performances in companies. 

Regardless of the results obtained by these authors, the study of the relationships between lean 

and environmental performance has also encouraged various scholars to explore new areas of 

research within this field. Some of these academics have developed joint models for the 

implementation of both paradigms (Ng et al., 2015; Pampanelli et al., 2014; Kurdve et al., 2014; 

Verrier et al., 2016), have designed assessment frameworks (Gupta et al., 2017; Helleno et al., 2017; 

Thanki and Thakkar, 2016) and studied the barriers that may counter the implementation and 

assessment of lean and green paradigms (Cherrafi et al., 2017a; Mittal et al., 2016); other authors 

have investigated the relationship between both concepts in different sectors besides 

manufacturing and with special characteristics such as construction, consumer goods industry, 

logistics and foundry industry (Bae and Kim, 2018; Colicchia et al., 2017; Ugarte et al., 2016; Garza-

Reyes et al., 2016; Prasad et al., 2016); in addition, the analysis of these relationships within diverse 

national contexts such as India, China, Sweden and Brazil, has been also under study by several 

academics (Thanki et al., 2016; Zhan et al., 2016; Kurdve et al., 2014; Jabbour et al., 2013). 

Moreover, the great majority of the empirical studies already done are anecdotal or framed in 

application examples and not focused on a long-term analysis. Hence, during the study of this 

relationships in literature, two clear gaps were identified. These open research opportunities 

guided the research carried out in this thesis. The first one is the necessity for a clear identification 

of the effects of lean practices on environmental measures which is an issue that requires further 

investigation. The second research gap regards to the study of the relationships between lean and 

environmental performance observed during an extended period. A major part of studies in 

literature are often punctual analyses in time while a medium-long term vision is lacking 

considering the evolution of the process of lean transformation in the company. 
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Finally, beyond the research gaps, the originality of this study lies in the examination of the links 

between lean practices and environmental measures found in literature and in practice during an 

extended time span. The study of these relationships is of great interest to scholars in the 

operations and waste management and sustainability areas; as well as to practitioners and 

managers designing lean and sustainable strategies and to policy advisors. Moreover, provides 

valuable information for companies to pull demand, since firm’s environmental impact is a 

problem concerning more and more customers, which are requesting cleaner products and raw 

materials, less waste and reduced environmental damage in general. 

1.3 Objectives, research questions and methodology applied 

The first aim of this study is to conduct a literature review to understand the phenomenon and 

identify relevant preliminary evidences regarding the relationships between lean and 

environmental performance. 

Based on this primary investigation, the second and main research objective is to empirically 

analyse the relationship between lean and sustainable/green manufacturing with a strong 

emphasis on environmental performance. More precisely, this study mainly intends to discuss 

whether firms which have applied lean principles and methods have improved or not their 

environmental measures and deepen on which environmental measures are impacted directly. 

Based on the preliminary exploration of the research area noted above, and regarding the 

objectives and gaps of knowledge, the final research questions are: 

− RQ1: Do lean practices impact on environmental measures?  

To classify the type of relationships as a preliminary approach. 

− RQ2: How do lean practices impact on environmental measures? 

To deepen on in which way lean practices impact the environmental measures. 

After establishing the research questions, the first of them (RQ1) was addressed with the systematic 

literature review itself, investigating the current state of the art of the corresponding research field 

and providing the first insights of this thesis. For the second research question (RQ2), it was decided 

that the most appropriate methodology was a multiple case study approach, in order to focus the 

research in both qualitative and empirical ways. The case studies were developed in five 
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manufacturing companies to deepen in the preliminary evidences already found in literature in 

several different contexts and using data of a long-term period of time. Then were applied both 

within-case and cross-case analysis in order to investigate the empirical evidences obtained from 

the companies and to elucidate the links between the cases. 

1.4 Structure of the thesis 

As a starting point, Chapter 2 collects various theoretical insights on the lean and green production 

paradigms, which are the main themes that will be repeated during the course of this thesis. This 

chapter contains information about the origins of both paradigms, their main principles, concepts, 

wastes and various relevant practices which must be explained just before the start of their joint 

examination, first with the analysis of the literature and then with the empirical study. 

Chapter 3 sets out a comprehensive review of previous published research on the relationship 

between lean manufacturing and environmental performance, including the study of various lean 

practices and environmental measures. In it, are detailed the systematic literature review method 

utilized, the selection criteria of the sample of papers, also the articles found are assorted according 

to their main characteristics, some classifications are outlined according to the evidences obtained 

in the studies featuring practices and measures and finally, it is provided a final summary-table. 

Apart from the systematic literature review in this section are presented the research gaps 

emerged, research objectives and questions are then stated to end up the chapter with the 

theoretical framework that guided the research. 

Chapter 4 describes the research methodology. After a brief description of the research approach 

in the first section, the subsequent section explains the research protocol followed: presenting the 

questionnaire used, the process for assuring reliability of the instruments used to collect the data 

from the cases and the criteria of selection of the case studies. Moreover, it is outlined for the first 

time in this thesis the companies considered for the study, showing in a table some descriptive data 

of the firms. Finally, the data collection and analysis processes are explained. 

The empirical part of this thesis starts with Chapter 5. It first provides a general description of the 

companies involved in the study, then the within-case analysis is developed for each company 

showing the empirical results emerged from the in-depth analysis of every firm. Finally, the cross-
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case analysis is developed collecting the main evidences emerged and performing a comparison 

between the cases. 

In Chapter 6, the discussion of the results is described and the answers to the research questions 

are provided, the implications of the research findings are also outlined, as well as the limitations 

of this thesis and the new directions for future research. Finally, the summary of conclusions that 

have been drawn from the results of the various analysis is presented. 
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Chapter 2. Theoretical background 

This chapter collects the theoretical background on the main concepts comprised in this thesis 

which were used as a basis to carry out this research as well: these main concepts revolve around 

the lean and green production paradigms. Consequently, the following sections about these two 

notions contain information about their origins, their main principles, concepts, wastes and main 

practices which must be explained before the start of their joint analysis, first with the review of 

the literature and then with the empirical study. 

2.1 Lean production: history, principles and techniques 

This first section describes the main theoretical knowledge about the lean paradigm, starting from 

its origins, to then explain the main principles of this concept and to end up with a brief depiction 

of various relevant practices. 

2.1.1 The origins of the lean paradigm 

Based on the production system formulated by Henry Ford, it was then developed by Taiichi Ohno 

and his team, who worked for Toyota, the production system that is nowadays one of the most 

famous and relevant worldwide: the "Toyota Production System" or TPS.  

In 1930, Toyota was a car manufacturer experiencing difficulties, that mainly manufactured poor 

quality vehicles. More in detail, the company mostly produced trucks for the Japanese imperial 

army using economical processes, and therefore, the technologies used were not very developed. 



8 

 

In consequence, the Toyota Motor Company developed a new production system to survive the 

competition in the automotive industry after Japan lost the second world war in 1945. At that time 

Toyota decided to enter the commercial vehicle market in 1947. Simultaneously, Ford in the 

United States had already accumulated around 40 years of experience in mass production of cars 

through their own production system: the assembly line. 

Consequently, immediately after the post-war period, Taiichi Ohno was put in charge of 

improving Toyota's operational productivity. He was also appointed director of the mechanical 

workshops of an engine factory and, between 1945 and 1955, he and his team had the opportunity 

to experiment with many concepts in production. It is in those years, when the Toyota Production 

System was created by Taiichi Ohno and his team, based on years of practical experience and ideas 

obtained from the United States and in addition to the adoption of Jidoka principles. 

In this sense, the ancient idea of Jidoka was created in 1902 by the founder of the weaving company 

Toyoda, Sakichi Toyoda. Translated literally Jidoka means “autonomation”, which is the 

contraction of two words: autonomy and automation. This concept refers to the notion of quality 

generation during the production process and the separation between man and machine. In fact, 

whenever a defect or a malfunction is discovered, the machinery has to stop automatically and the 

workers have to respond immediately for correcting this problem, interrupting the production 

flow. This technique usually entails alert systems which detect failures immediately when they 

occur. 

This technique prevented the creation defective products within the manufacturing process. Later, 

in 1924, Toyoda by himself created an automatic chassis that allowed workers to operate multiple 

machines. The rights to produce the chassis outside Japan were then sold to Platt Brothers Ltd. in 

England and the benefits obtained with this operation were then partially reinvested to start, in 

1937, a motor division under the direction of Kiichirō Toyoda, son of the owner of Toyoda, Sakichi 

Toyoda. The name of the company was later changed to Toyota for superstitious reasons, to 

distinguish the private life and career of the founders, and to simplify the pronunciation. 

After this, Toyota managed to overcome faster than other companies the 1973 recession, which 

was very tough due to the oil crisis. In the 1980s, Toyota began to focus exclusively on mass 

production and cost reduction. 
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In 1985 the International Motor Vehicle Program (IMVP) was launched to undertake a detailed 

study of the new Japanese techniques to produce engines. An American engineer, named John 

Krafcik, who was part of the IMVP program, asked the following question to all the other members 

of the commission: "How do we call the production system used by Toyota?". 

The TPS was neither craft production nor mass production, but it combined the advantages of 

these two systems, avoiding the high costs of the first and the rigidity of the second, and succeeding 

in using less input to produce quality products in huge volumes and varieties. Therefore, it was 

decided to call this production system "lean". So, the term "Lean Manufacturing" is nothing but a 

different name to indicate the "Toyota Production System". 

2.1.2 Lean principles and types of waste 

In the book "The machine that changed the world", which is considered one of the first important 

works in this field, Womack et al. (1990) define the five fundamental principles of lean 

manufacturing. These principles are mainly focused on the identification of waste and its 

subsequent elimination in order to produce more product with a lower consumption of resources. 

The five principles of the “lean thinking” are summarized in the following lines: 

− Value: it means to identify what customers are willing to pay for. Companies must start 

designing and manufacturing products targeting what customers need. In other words, 

companies must give customers what they want and not always what is more convenient 

for the manufacturers. Taiichi Ohno said that, all industrial thinking must begin by 

differentiating the value for the customer from the waste or “muda”. 

− Value stream: once the value (which constitutes the final objective) has been determined, 

all activities that add value to the product must be aligned in the right sequence and must 

be disposed all along the supply chain. Therefore, the value flow is composed by the 

specific operations that, if performed correctly and in the right order, produce the product 

or service that the customer appreciates. The value is added to a product while someone 

is working on it, while no value is added when it is waiting to be processed (WIP), this 

translates into a source of waste. In summary, the goal is to identify every step that does 

not create value to then eliminate it. 
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− Flow: in lean companies, products have to flow constantly and without interruptions 

through a series of value-adding activities. This means that companies must work on each 

product continuously throughout the process so that there are no waiting times or waste, 

within or between activities. Companies should avoid lots and queues, or at least reduce 

them continuously to never delay the passage of a product among value adding activities. 

− Pull: means that the system should respond to customer demand, customers are those who 

pull work through the system. After optimizing the flow, the time to reach customers can 

be significantly reduced. This makes it much easier to deliver products according to 

customer needs, such as in "just in time" production or delivery. Therefore, the products 

do not have to be built in advance or the materials do not have to be stored, generating 

money savings for both producers/suppliers and customers. 

− Perfection: this principle is perhaps the most important of the lean philosophy. In fact, lean 

thinking and process improvement efforts must be made part of the corporate culture. 

Once the first four principles have been accomplished, lean companies have to better 

understand how to improve the whole system, trying to generate ideas for further 

improvements. Perfection does not only mean quality of the product/service, it also means 

producing exactly what the customer wants, exactly when it is needed, at a fair price and 

minimizing waste. 

After having introduced the five lean principles and as was noted, another key point of the lean 

philosophy is the determination to eliminate all forms of waste, the so-called muda, within the 

company’s processes. To achieve high levels of efficiency in a process it is necessary that this is 

designed in such a way that waste can be easily identified and then eliminated. A wasteful activity 

is defined as a process that absorbs resources but does not add value to the customers or to the 

organization (Womack and Jones, 1996).  

Consequently, every type of waste represents a cost for the company that, consequently, it is not 

willing to pay. It is crucial to increase employee awareness in the concept of waste, as well as 

provide ways to identify and reduce it. In summary, it is possible to categorise seven types of waste 

that will be described below: 
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− Defects: these occur when a product or component no longer complies with the customer's 

needs. This customer can be internal or external to the production operations. Whenever 

defects happen, additional costs are incurred for the reprocessing of the part, the 

reprogramming of the production, etc.; this means additional labour costs. A defective 

product must not reach the customer and it must be considered as a loss. As usual, it is 

better to prevent defects than to detect them. Thus, the implementation of poka-yoke 

systems and giving autonomy to employees can help to prevent this lean waste. 

− Overproduction: it occurs when more outputs are produced than required by customers 

at any time. This waste leads to high stock levels that hide several problems within the 

company, and in many cases, a part of these stocks is wasted because customer demands 

change over time. Overproduction is considered the greatest form of waste in the lean 

thinking philosophy as it can lead to the generation of all other forms of waste. 

− Waiting: time is always crucial in production. Therefore, whenever the goods are not being 

transported or processed, they are in a waiting position. 

− Transport: when a product is moved, risks being damaged, lost or delayed, and 

additionally, transport turns out to be a cost without any added value. Transportation does 

not make any transformation to the product that the customer is willing to pay. In the ideal 

lean production process, the whole of operations should be next to each other. In 

summary, the distance between the processes usually leads to the accumulation of stocks, 

due to the impractical nature of moving small quantities of materials or products over long 

distances. 

− Over processing: this waste occurs when further work is done on a piece over the work 

levels actually requested by customers. Examples can be processes where inappropriate 

techniques are used, oversized machinery, operations not demanded by the customer and 

so on. This also includes the use of more precise, complex, superior quality or expensive 

components than those that may be necessary. 

− Inventory: it may be composed by raw materials, work in process (WIP) or finished 

products. The stocks of these products will need to be stored and therefore the 

organization will require space and packaging. Moreover, these stocks could be damaged 

during transport or become obsolete. Thus, inventory represents a cost that has not yet 
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produced an income either from the producer or from the consumer. The stocks hide 

several additional problems. 

− Motion: it entails the unnecessary movements made by workers or machines. These do 

not create any added value and consume time and energy. Furthermore, unnecessary 

motion will surely cause fatigue in operators that could lead to defects in products or to 

work accidents. These excessive movements cost time, and therefore money, and usually 

cause stress in employees and machines. 

2.1.3 Main lean practices and tools 

In this subsection a brief description of various important lean tools is provided. Many of these 

tools can be used alone, and are not usually combined with others, making implementation much 

easier. However, if several tools are used, these reinforce and strengthen each other and 

consequently more benefits may be obtained from their implementation. Below are listed various 

relevant and regularly applied lean techniques and practices: 

− 5S: it refers to a workplace organization method formed by five stages (sort, set in order, 

shine, standardize and sustain) which are used for the consecution of lean production 

objectives. In other words, it allows the workplace to be organized cleanly, efficiently and 

safely in order to improve productivity, visual management and ensure the introduction 

of standardized work. 

− Cellular manufacturing: it consists in encompassing group technology in areas or cells 

containing the work stations producing the same family of products. The goal is to improve 

the flow of the process, reduce motion within the factory and increase variety. 

− Free pass: this method guarantees the quality of the supplier's product before it enters the 

factory. 

− Hoshin Kanri (X Matrix): it is a single page document containing annual goals, long term 

strategic objectives, targets to enhance, top level improvement priorities and 

resources/owners. The objective is to align the long-term needs with the improvement 

initiatives, identify the most important activities and provide a list of metrics that should 

be improved. 
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− Jidoka: this Japanese word can be translated into “autonomation” of production and means 

to immediately stop production as soon as there is possibility of defects. It entails alert 

systems which detect failures whenever they occur. 

− Just in time: this is one of the main pillars of lean and it is aimed primarily at reducing flow 

times within the production processes as well as response times from suppliers and to 

customers, it is based on the pull concept and on inventory reduction. 

− Kaizen: this word means continuous improvement in Japanese. It comprises small steps of 

improvement usually suggested by the employees at the so-called “kaizen events”. These 

regular reunions are team activities designed to eliminate waste and make rapid changes 

in the workplace. 

− Kanban: it is a pull-based method to achieve JIT in lean manufacturing contexts. As part of 

a pull system, it allows to monitor what is produced, in what quantity and when. Its 

purpose is to ensure that is only produced what the client demands and nothing more. The 

system takes its name from the cards that track the production within a factory. 

− Kanban deliveries with suppliers: it happens when a firm sends signals to the suppliers 

about the requirements of a product in order to shorten the supplying time. This technique 

usually integrates external vendors in the Kanban system of the company. 

− Plan Do Check Act (PDCA): framed in the lean production paradigm it is a repetitive four-

step method used for the control and continuous improvement of processes and products. 

It is also known as Deming Cycle. 

− Production levelling (Heijunka): it is a Japanese word which means "levelling". Heijunka 

therefore aims to level production in terms of volume and product mix over a given period 

of time. Basically, it consists in producing intermediate and final goods at a regular 

sequence to meet with known regular and predictable patterns of demand. 

− Pull system: beyond this technique, customer orders originate work through the 

production process. 

− Single Minute of Exchange of Die (SMED): it is one of the main lean production methods. 

It reduces the changing times in equipment required to switch from producing the current 

product to the next product. This rapid changeover based on the pull concept enables one-

piece flow, reduces output variability and production loss. 
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− Spaghetti chart: it is a visual representation of the physical flow of materials and people 

through the activities of a process. Usually this visual representation details the flow, the 

distance and the waiting times of the materials and the walking patterns of the line workers. 

− Standard work in the workplace: for every workstation it is the definition of the most 

efficient methods to perform the activities within it, these activities are completed 

repeatedly and are documented in order to achieve continuous improvement in the 

workplace. 

− Supply Chain Management (SCM): it consists in organising the flow of goods and services; 

comprises the movement and storage of inputs, of work-in-process inventory and of 

finished goods from the source to the point of consumption. 

− Total Productive Maintenance (TPM): this holistic approach provides planned 

maintenance activities aimed to keep all equipment in top working conditions avoiding 

breakdowns and delays in processes. 

− Value Stream Mapping (VSM): it is an effective waste identification method that analyses 

the current state and designs a future state for each family of products in a company, 

identifying the manufacturing steps that add value to the product and those that do not 

add value (muda) from the beginning to the delivery of the product to the consumer. 

− Visual management: it is a technique employed to communicate controls and measures 

(i.e. stock levels, flow of work, order progress) using visual signals, boards or Kanban cards, 

instead of written instructions. 

2.2 The green philosophy: environmental management and performance 

The integration of environmental actions and organizational performance is one of the most 

relevant topics that has been growing in recent decades. The threat of climate change, the 

depletion of natural resources and the pollution of the environment are the main factors behind 

the international efforts to improve ecological awareness not only in companies but also in the 

entire supply chains. Moreover, firms must comply with environmental laws, while remaining 

focused on shareholder objectives.  

In this section various relevant concepts related to the green philosophy and environmental 

performance will be examined in depth. 
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2.2.1 The origins of the green manufacturing paradigm 

The concept of green manufacturing is quite new, in fact since the days of the first industrial 

revolution several studies have highlighted the numerous negative effects that production had on 

the environment. Nevertheless, in recent years more and more companies have transformed green 

manufacturing into a vital strategic position. 

From the end of the seventeenth century to the beginning of the eighteenth century, with the 

invention of the steam engine, the industrial production system began to spread between 

companies. This system, compared to the previous handcrafted production, led to substantial 

increases in productivity. On the other hand, a significant growth of the consumption of fossil 

resources and energy occurred, resulting in the emission of large amounts of pollutants into the 

environment. All this not only led to the rapid depletion of natural resources, but also to the 

degradation of the environment and the emergence of problems that humanity had never 

experienced before such as acid rain, greenhouse effect, global warming, depletion of the ozone 

layer, etc. All these issues nowadays are progressively more significant, and were originated by the 

first industrial revolution, which marked the beginning of the manufacturing industry we know 

nowadays. 

The situation got worse after 1850, when a very fast increase in the world energy consumption 

occurred and it has been sustained until now. Most of the energy resources consumed during this 

period have been coal, oil and natural gas which are well-known pollutants. 

In summary, the manufacturing industry on one hand helps mankind to produce and accumulate 

wealth, but on the other hand it is one of the main existing causes of resources depletion and 

environmental pollution. Therefore, to solve this environmental problem one of the main fields 

of research in recent years is being the "green" theme in manufacturing. This concept aims to 

reduce the consumption of resources and pollution during production. Therefore, the concept of 

green manufacturing is considered a production approach that cannot be completely overlooked 

by today's organizations. 
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2.2.2 Principles, environmental wastes and guidelines of the green paradigm 

The idea of green manufacturing as was described by Van Berkel et al. in 1997 "aims a continuous 

integration of environmental improvements of industrial processes and products to reduce or 

prevent pollution to air, water and land; to reduce waste at the source; and to minimize risks to 

humans and other species". 

As well as the lean manufacturing concept, the green production paradigm follows a few rules 

which are essential to determine the aims and objectives of the entire production system. These 

principles should be followed by companies implementing green techniques to guarantee 

successful results (Dornfeld et al., 2012): 

− A system approach must be used to evaluate and improve manufacturing processes from 

a green perspective: it is vital to not only consider the effect of process improvements 

towards the environment, but also to consider the effect of these transformations on other 

parameters that may also impact the environment and understanding the complexity of 

the entire production process. 

− The entire process should be observed in both vertical and horizontal directions: this 

approach is crucial as environmental impacts may occur or may be exaggerated depending 

on the level of depth of the analysis. Moreover, this approach can lead to effective solutions 

to reduce environmental effects of production operations, and even more, enhance 

efficiency. 

− Harmful inputs and outputs should be reduced or eliminated from production operations: 

damaging inputs should be replaced by other inputs that imply less damage to the 

environment or humans, or even firms should be able to find methods to recycle or reuse 

these inputs, reducing the impact of their manufacturing processes. Similar methods can 

be considered for harmful outputs using recycling, but also pollution abatement 

techniques.  

− Net resource use should be reduced: it should be zero or as nearest as possible so that 

resources may be utilized at a proportion equivalent to the rate of replenishment present 

in the environment. 
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− Time based effects should be taken into account: it is important to consider the impacts of 

manufacturing, as they may happen at any stage of the life cycle of the products, from the 

design until the withdrawal. 

Moreover, the environmental wastes, which are targeted as one of the main objectives of the green 

production paradigm, are produced by the unnecessary use of resources or the release of 

substances into air, water, or land that could harm the environment or human health. This may 

occur when companies use resources to produce products or services to customers, and/or when 

customers use and dispose products. More specifically, environmental wastes include: 

− Energy, water or other raw materials consumed, more than those required to meet the 

customer needs. 

− Contaminating substances and material waste released into the environment, such as 

atmospheric emissions, wastewater discharges and solid waste. 

− Dangerous substances that are harmful to human health or the environment during their 

use in production or their presence in products. 

Like lean wastes, environmental wastes do not add customer value and represent additional costs 

to companies and to the society in general. These may also have direct influence on the flow, time, 

quality and production costs, making them targets for lean initiatives. In many cases, the costs 

associated with pollution and energy waste, water and raw materials can be significant, so it is 

better to identify and eliminate wastes in general and environmental wastes in particular (EPA, 

2007). 

Therefore, to address waste elimination objectives, more and more companies have started 

adopting green initiatives as part of their operations. These initiatives are empowered by several 

drivers that motivate the manufacturing industry to move towards green manufacturing practices. 

These motivation factors are summarized mainly in these three groups (Dornfeld et al., 2012): 

− Regulatory pressures: the increased awareness of the environmental problems caused by 

industrial wastes and emissions has compelled governmental agencies to release new and 

more severe policies, regulations and laws. However, not everything included in this 

category are pressures and obligations. Usually, public administrations also organize green 
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manufacturing themed workshops and conferences to motivate firms to undergo the 

implementation of sustainability strategies. 

− Economic incentives: in general, green manufacturing includes practices such as emission 

control and pollution prevention. These practices usually can help to reduce costs of both 

waste management and material consumption, and therefore can improve the profit 

margin of manufacturing firms. 

− Competitive advantages: society is becoming more conscious of the environmental impact 

of manufacturing, and in particular, customers and other stakeholders typically prefer 

those organizations with a better environmental image in the market. Therefore, due to 

the implementation of green manufacturing, firms can improve their image, this may 

generate further revenues and increase their differentiation. 

In contrast, even if green production is driven by the above-mentioned motivating factors, there 

are other challenges that may hinder its implementation. These barriers for green manufacturing 

are summarized into three main categories (Dornfeld et al., 2012): 

− Economical barriers: the costs of implementation of a green production system are high 

and perhaps take a long time to be paid back. This has significantly delayed the 

generalization of the application of the green paradigm in manufacturing. However, the 

use of control and prevention systems instead of the classical end-of-the-pipe methods, 

which are becoming progressively expensive, has reduced the significance of this barrier in 

recent years.  

− Managerial barriers: frequently firms do not have analytical and decisional tools to observe 

and characterize the effect of their operations. This affects directly the decision-making 

process which is not accompanied in some cases by real time performance data. 

− Technological barriers: some processes in manufacturing are constrained to be harmful to 

the environment because they must rely on certain methods, technologies, or materials 

which may not be “green”. However, because of the current state of technology these 

cannot be omitted (i.e. spray-based painting processes). 

In summary, the green approach has passed from being perceived by companies as a "necessary 

evil" or something inconvenient that had to be accepted, to be considered a "good deal". Firms 
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that undergo green initiatives usually improve brand and corporate images, obtain greater 

customer satisfaction and achieve potential cost savings. However, these benefits require a long-

term commitment and a compromise with short-term goals, as the green manufacturing approach 

is not yet well understood. 

2.2.3 Main green practices and tools 

To run successfully the implementation of the green manufacturing paradigm, it is recommended 

to consider the regular utilization of the following green practices: 

− Green technologies for product design (eco-design): it means designing products 

considering the environmental effects of the entire life cycle. This covers from the 

materials used for its fabrication, taking into account the potential pollution during the use 

of the product by the customers or the waste generated with its withdrawal. 

− Green technologies for production: with this approach companies aim to create products 

with advanced production techniques to reduce the consumption of resources, 

environmental pollution and waste, thus ensuring greater safety and health of workers and 

society. 

− Green packaging: companies make efforts to produce and use environmentally friendly 

packaging that is reusable, recyclable, biodegradable and therefore does not harm human 

beings or the environment during the entire life cycle of the product. 

− Green technologies for the recycling of products and resources: if a product is not recycled 

after its life cycle it will possibly end up being a waste of resources and consequently an 

environmental waste. The same applies to the resources used within companies, usually 

the potential of reuse is substantial, with many possibilities for the recycle of water, energy 

and some chemicals and metals. An example of this are the closed loop systems for 

recycling of water which are generally an economically and widely used practice. 

Consequently, green recycling is a systematic problem that must be considered from the 

beginning of product design until the end of its life cycle. 

− Green technologies for the regeneration of products: consist in a set of techniques for the 

recovery of products at the end of their life cycle and the conversion of these into similar 

products but close to the previous one. 
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− Green technologies for a better management of the structure: involves the management 

of operations in order to keep in good operative and environmental conditions. These 

operations should be done through simple, ordinary and not resource-intensive activities. 

These may include activities such as the separation of waste, the minimization of stocks of 

chemicals and waste, the installation of overflow alarms and automatic shut-off valves, the 

elimination of leaks, frequent inspections to identify possible environmental problems and 

potential malfunctions in the production process, frequent preventive maintenance 

programs and optimization of machinery. 

In conclusion, this section introduced the most relevant concepts and issues of the green 

manufacturing paradigm. During the development of this chapter it is noteworthy the parallelism 

with the lean production paradigm in some dimensions such as the identification of wastes, the 

establishment of principles and the use of different practices, aiming to achieve efficiency.  

These common points between both lean and green paradigms reinforce the existence of this 

research and support the study of the relationship between lean and environmental performance, 

and the identification of their common points and divergences. These analyses will be developed 

during the subsequent chapters of this thesis. 

  



21 

 

 

 

 

Chapter 3. Literature review, research 

gaps and research questions 
 
This chapter provides in its first section a comprehensive review of previous published research 

on the relationship between lean manufacturing and environmental performance. The second 

section is reserved to the research gaps found in the existing literature. The selection of the research 

questions is outlined in the third section. Finally, the fourth section illustrates the theoretical 

framework that guides the forthcoming empirical research. 

3.1 Literature review analysis 

The purpose of this section is to carry out a review of previous published research documents 

aimed at learning more about the relationship between lean and environmental performance, find 

common points, divergences, useful measures and good practices. First, the methodology adopted 

is detailed and the selection criteria of the papers, in addition are outlined various classifications 

according to the year of publication, source of publication and methodology applied. Then, the 

analysis focusses its attention on the environmental measures which are more frequently used and 

the impact that lean has on them. Afterwards, the relationships between the principal lean practice 

bundles (Shah and Ward, 2003) and environmental performance are classified. The literature 

review section concludes with a final matrix which links some important lean practices to various 

relevant environmental measures (Table 1), outlining some preliminary relationships obtained 

after the study of the literature. 
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This literature review analysis aimed to go deeper and deeper into previous published research, 

starting from general concepts to end up analysing the relationships of specific practices and 

measures. 

3.1.1 Systematic literature review method 

This chapter generally aims to analyse the extant literature utilising a systematic literature review 

methodology (SLR). In this sense, were replicated the stages developed by Garza-Reyes (2015). 

Figure 1 shows an overview of the SLR by describing its phases, objectives and methods adopted. 

SLR Phases  Objectives   Method  Tools 
        

1 

Scope 

Formulation 

       

 Formulating the scope 

of research 
 

 

2 

Locating 

Studies 

       

    Definition and use of 

electronic databases 

 Scopus, Google Scholar, U.S. 

Environmental Protection Agency’s 

website 

 

 

1993 – 2018 

 

 

Locating, selecting and 

evaluating relevant 

literature 

 

 Definition of search period 

3 

Study Selection 

and 

Evaluations 

     
 

Lean and (Green or Sustainab*) 

 

Inclusion: Lean, green and 

sustainability – Peer reviewed 

articles published in journals or 

proceedings of international 

conferences 

Exclusion: Articles without lean 

practices or environmental 

performance measures 

 Definition and use of search 

keywords 

   

 

Definition and use of 

inclusion/exclusion criteria 

 
 

  
 

  

4 

Analysis and 

Synthesis 

       

Synthesis of the relationships found 

in literature 

 

 

Excel computer software  

 

Synthesizing and 

analysing selected 

articles 

Selection of method for 

synthesis and analysis of 

qualitative research 

 

Coding and extraction of 

data 

   

5 

Reporting and 

using the 

results 

   

    
 

Reporting of findings 

  

Figure 1. SLR phases, objectives, methods and tools (adapted from Garza-Reyes, 2015) 
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From the previous figure, the purpose of the SLR has been formulated in phase 1 as “the 

identification of the preliminary effects and relationships between various relevant lean practices 

and environmental performance measures”. In the following subsections the whole analysis is 

provided starting with the description of the papers’ selection method to then continue with the 

SLR following the phases noted in Figure 1. 

3.1.2 Search and selection of articles 

To examine this relationship between lean production and environmental performance were 

consulted the literature web databases Scopus and Google Scholar and the website of the U.S. 

Environmental Protection Agency (EPA). The reason to include the EPA website is that this 

agency has researched extensively in this area and has published many relevant reports. 

Consequently, the following keywords were searched: Lean and (Green or Sustainab*), using the 

asterisk in this word the database will include all the keywords which start with "sustainab", not 

discarding those referencing the same concept although they are not written equally as the 

keyword, for example "sustainability" or "sustainable". These keywords were searched in the title, 

abstract and keywords of the article and the time interval selected initiates from 1993 and finishes 

in 2018 (both years included), containing in this way the most relevant preliminary papers about 

this topic and the newest articles released. As initial date, 1993 was selected for this search due to 

the publication of a novel and relevant article in this field written by Corbett and Wassenhove 

(1993) which studies various analogies between environmental programs and successful practices 

in current use in operations management (including lean techniques). 

The results obtained searching the keywords mentioned are shown in Figure 2. In summary, 3081 

articles were found using keywords research. 

Following the steps detailed in Figure 2, from the first results found in the database, and after 

applying the listed filters, 72 documents were chosen for the elaboration of the systematic 

literature review analysis and are listed in Annex 1. 
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Figure 2. Article selection criteria 

3.1.3 Classification of the papers 

In this subsection the 72 articles selected are categorized according to various criteria in order to 

show the evolution of the publications in time, the sources of publication of the articles selected 

and the most used methodologies within their studies. 

Figure 3 shows the publication dates of the documents emerging after the application of the 

selection criteria detailed in section 3.1.2 (see the complete list of publications in Annex 1). The 

papers are grouped in five-year intervals starting from 1993, except the last period that includes 6 

years until 2018. 

 

Figure 3. Publication dates of the documents 
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The data showed in Figure 3 highlight the increasing relevance in literature of the topic about the 

relationship between lean and environmental performance. As is possible to appreciate in the 

figure this increment is more pronounced from 2008 onwards. 

Then a disaggregation of the set of 72 documents studied in four categories was made considering 

the source of publication, results are shown in Figure 4. Accordingly, 59 papers out of 72 (82%) 

were published in international academic journals, 8 were presented and included in proceedings 

of international conferences (11%), 3 documents out of 72 (4%) were reports made by institutions 

and the remaining 2 publications were books (3%). 

 

Figure 4. Paper classification according to the source of publication 

Moreover, Figure 5 shows the assortment of the papers depending on which research 

methodology was adopted in each case, excluding the two books. 

 

Figure 5. Research methodologies adopted 
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In particular, 26 papers out of 70 (37%) have used a single (20 articles) or multiple (6 articles) case 

study methodology, for example in this category seems interesting the work of Campos and 

Vazquez-Brust (2016), on it the authors conducted an in-depth case study analysis of the Brazilian 

subsidiary of a large multinational company using interviews, in-plant observations and document 

analysis. Carvalho et al. (2017) developed a case study from an automotive supply chain and 

demonstrated that not all companies belonging to the same supply chain can be lean or green. 

Another important work was presented by Galeazzo et al. (2014), making the analysis of three 

pollution-prevention projects undertaken by two manufacturing plants of two large multinational 

organizations. Lastly, in 2015 Piercy and Rich used a longitudinal multi-year case study 

methodology to analyse the sustainable benefits of lean operations beyond the environment 

including supply monitoring, transparency, workforce treatment and community engagement. 

A total of 18 out of 70 papers (26%) used theoretical approaches. In this category, it is remarkable 

the work made by Bergmiller and McCright in 2009b that indicated that lean and green programs 

lead to better business results and integrated both paradigms in a single framework. Additionally, 

Verrier et al. in 2016 studied the synergies between lean and green wastes and the tools used for 

their elimination, the results were encompassed in a lean and green house model. For its part, 

Vinodh et al. (2011) explored various issues of sustainability applying lean initiatives and studied 

the techniques that would facilitate sustainability objectives using a theoretical approach. 

For its part, 12 papers out of 70 (17%) developed a literature review analysis. In recent research, 

Chugani et al. (2017) with their systematic literature review study stated that lean and six sigma 

can support the conservation of resources, combat global warming and reduce energy 

consumption. Dües et al. (2013) explored and evaluated previous work focussing on the 

relationship and links between lean and green supply chain management practices. Further on, 

Garza-Reyes developed in 2015 a concept map identifying six research streams from literature and 

suggested various valuable research questions for future research in this field. 

Moreover, 9 manuscripts out of 70 (13%) investigated the topic through a survey approach. In this 

case, Hajmohammad et al. (2013) confirmed the impact of lean and supply management on 

environmental performance, mediated by environmental practices, through a survey gathered 

from a sample of Canadian manufacturing plants. Rothenberg et al. (2001) examined the 
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relationship between lean manufacturing practices and environmental performance in terms of air 

emissions and resource use, the study utilized two surveys of 31 automobile assembly plants 

located in Japan and North America. 

Finally, the rest of articles correspond to 5 manuscripts (7%) categorised as “other perspectives” in 

Figure 5. Fercoq et al. (2016) studied the integration of lean and green strategies focused on waste 

reduction by means of the design of experiments methodology. Similarly, Hong et al. (2012) used 

structural equation modelling to demonstrate whether lean practices are an important mediator 

to achieve excellent environmental performance and King and Lenox (2001) conducted an 

empirical analysis of the environmental performance of 17.499 North American manufacturing 

companies during a long period, starting from 1991 and finishing in 1996. In addition, Venkat and 

Wakeland in 2006 used a simulation model to measure the emissions of various generic lean supply 

chains. As a final point, Yang et al. (2011) studied the impact of lean manufacturing and 

environmental management on the business performance of 309 international manufacturing 

firms using database archival information. In addition, their research provided evidences about the 

importance of environmental management practices as a mediating variable to resolve the 

conflicts between lean manufacturing and environmental performance. 

3.1.4 The lean and environmental performance relationship: an overview 

In this subsection, the articles of the set were classified again to know which is the general view of 

literature about the topic, whether authors suggest that may exist a positive, negative or mixed 

relationship between the adoption of lean and the improvement environmental performance. But 

before doing this, it was considered that 6 papers from the list did not suggest within their findings 

the existence of a positive, negative or mixed relationship. Consequently, were finally included in 

Figure 6 only 66 of the selected relevant documents outlined in Annex 1. 

Therefore, from Figure 6 it is possible to elucidate that most of the studies in literature suggest that 

lean has positive effects on the environmental performance of companies. More precisely, the great 

majority of literature sustains that both lean and environmental performance activities have an 

important emphasis in waste reduction. On one hand lean manufacturing seeks the reduction of 

non-value-added activities and the improvement of efficiency (Womack and Jones, 1996). On the 

other hand, sustainability and green manufacturing have an environmental and ecologist point of 
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view: eliminate waste to achieve pollution and emissions prevention as it is mentioned in one of 

the three pillars of the triple bottom line (3BL). Particularly, authors such as Garza-Reyes et al. 

(2018), Helleno et al. (2017), Piercy and Rich (2015), Chiarini (2014) and King and Lenox (2001) 

suggest that the application of some practices composing the lean transformation path go beyond 

economic results and lean waste (muda) reduction: these techniques may additionally enable the 

improvement of diverse environmental measures. 

 

Figure 6. Relationships between lean and environmental performance 

However, applying lean techniques some “blind spots” may appear during their implementation. 

This means that in addition to the lean waste reduction and continuous improvement concepts, 

which frequently produce implicit environmental performance, there are further "hidden" 

opportunities to achieve this purpose (EPA, 2003). Moreover, some practices as source reduction, 

production process improvements and facility downsizing which imply pollution prevention can 

be enclosed in a lean thinking view even if they are traditionally framed in the environmental 

management field. 

Nevertheless, not all authors agree that there are only positive relationships between lean 

production practices and environmental performance. A 14% of the papers analysed states that 

lean may have both positive and negative environmental effects; it depends on the practices applied 

and the indicators measured. As was affirmed for example by Carvalho et al. (2017), Dües et al. 

(2013), Simons and Mason (2003) and Rothenberg et al. (2001), lean and green production are in 

some cases divergent. Among the causes of this contrast, some authors suggest that the search for 

greater levels of productivity and efficiency is not consistent with sustainable manufacturing. 
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Additionally, business growth generally implies more production, transportation, stock and 

deliveries; these additional activities usually generate extra wastes apart from those produced by 

the usual operations of the firm. For example, the integration with suppliers via Kanban (Monden, 

1983) usually entails more regular deliveries, small sized batches and therefore a higher 

consumption of fuel for transportation. Another important point is that the financial benefits 

gained by environmental protection and pollution abatement techniques are not always significant 

and even more, sometimes are non-existent. 

A minor part of the published research analysed somehow rejects this positive relationship 

between the two paradigms. Cusumano (1994) affirms that lean has the limit of producing 

increased negative product impacts and can intensify the emissions produced by just in time and 

Kanban. Moreover, Venkat and Wakeland (2006) similarly suggest that carbon dioxide levels can 

increase and propose that lean supply chains are not essentially green, remarking the distance as 

main impediment for environmental performance objectives. 

3.1.5 Environmental performance measures in literature 

To go deeper into the analysis and specifically into the environmental measures affected by lean, 

in this subsection the attention is focused on the environmental performance measures that have 

been considered in the literature when analysing the relationships between lean implementation 

and environmental improvements. For this aim, the list of environmental categories explained in 

2007 by the U.S. Environmental Protection Agency (see Annex 2) was used as it is a summary of 

various basic measures focused on waste reduction goals and many important firms already use it 

in their reports. The measures included in “The lean and environment toolkit” of 2007 are: energy 

use, land use, materials use, toxic/hazardous chemicals use, water use, air emissions, water 

pollution, solid waste, product impacts, money saved and qualitative measures. 

For each measure Figure 7 shows the number of studies suggesting that the adoption of lean 

practices has improved its performance (green colour), worsened its value (red colour), in some 

cases in some cases both improved and worsened its value (yellow colour). Moreover, the grey 

colour indicates the number of studies that claim that measure among their checklists for testing 

lean’s environmental performance but do not provide a measure of this improvement (Faulkner 

and Badurdeen, 2014; Taubitz, 2010; Vinodh et al., 2011). 
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The measure regarding money saved and the qualitative measures were not included since they 

can cause confusion in the understanding of the graph and only measures referred to inputs used, 

non-product outputs released and downstream/product measures were considered. 

Within the list of 72 documents analysed the EPA indicators most present in literature to measure 

the environmental performance of companies adopting lean practices are air emissions, energy 

use, solid waste, water pollution, toxic/hazardous chemicals use, water use and materials use (see 

Figure 7, the environmental measures are listed in descending order of citations). 

 

Figure 7. Distribution of the results of the environmental measures 

As shown in Figure 7, the measures that are most benefited from the implementation of lean 

practices according to the literature are air emissions, energy use and solid waste (Garza-Reyes et 

al., 2018; Wiese et al., 2015; Hajmohammad et al., 2013; Zokaei et al., 2013; Deif, 2011; Fliedner, 

2008; Gustashaw and Hall, 2008; EPA, 2007). These results held by these and other authors strongly 

sustain the affirmation of a direct relationship between lean and green paradigms. 

However, it is interesting to note that for the air emissions measure there are four papers that 

suggest that this relationship is not positive, and some lean practices can be harmful to the 
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environment (Venkat and Wakeland, 2006; Simons and Mason, 2003; Rothenberg, 2001; 

Cusumano, 1994), similarly product impacts (Cusumano, 1994) has one article sustaining negative 

results. In addition, energy use (Chiarini, 2014) and water use (Rothenberg, 2001) present one 

mixed outcome each which can also conflict with environmental performance, since both positive 

and negative relationships between these measures and lean can neither be confirmed nor rejected. 

Additionally, but to a lesser extent materials use, water pollution, toxic/hazardous chemicals use 

and water use (Pampanelli et al., 2014; EPA, 2013; Chapman and Green, 2010; Vais et al., 2006) are 

also strongly positively related with lean practices. Land use (Aguado et al., 2013; EPA, 2007) and 

product impacts (Fliedner, 2008; EPA, 2007) are the measures that have fewer positive evidences 

in the literature. 

As was stated before, the measure of money saved was removed from the graph to provide 

clearness. Nevertheless, the importance of lean practices leading to significant economical savings 

in the company is not overlooked, these savings are mainly gained from efficiency, materials use 

decrease and waste reduction in general (Galeazzo et al., 2014; Pampanelli et al., 2011; Miller et al., 

2010). 

3.1.6 Relationships between lean practice bundles and environmental performance 

The purpose of this subsection is to understand which of the typical groups of lean practices are 

most closely related to green performance.  

The lean paradigm is a multi-dimensional concept which is characterized by a certain number of 

practices aimed to accomplish the objectives of “doing more with less” and increasing the value 

deliverance to the customer (Womack and Jones, 1996). Moreover, the important work developed 

by Shah and Ward in 2003 proposed a model which categorizes these practices into four groups, 

also known as bundles. Other works have proposed similar classifications, see for example 

Panizzolo (1998), Flynn et al. (1995) and Chan et al. (1990), but this was used to compare the 

environmental effects derived from the application of lean because of its importance in operations 

management literature and its internal consistency between practices.  
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The aforementioned bundles (Shah and Ward, 2003) are presented below, and the results of this 

analysis are sketched in Figure 8: 

− Just In Time (JIT): flow production, pull systems, cellular manufacturing, supply chain 

management (SCM including supply integration and monitoring), value stream mapping 

(VSM), quick changeover techniques (SMED). 

− Total Quality Management (TQM): statistical process control, continuous improvement 

(kaizen), standard operation procedures, 5S, visual management. 

− Total Preventive Maintenance (TPM): preventive maintenance, autonomous 

maintenance. 

− Human Resource Management (HRM): multifunctional workers, training, team decision 

making, worker's autonomy. 

 

 

Figure 8. Distribution of the results of the practice bundles 

Within the set of articles selected, according to Figure 8 the JIT methods are the most utilized and 

evaluated in order to study their relationships with environmental performance, followed by the 

practices comprised in the TQM bundle. In addition, HRM and TPM practices are the fewer cited 

in literature referring to environmental performance. 

The JIT bundle seems to be one of the most positive bundles after the review of the literature. This 

bundle includes the VSM technique which is typically used by lean practitioners to see 
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environmental wastes in processes (Gustashaw and Hall, 2008; EPA, 2007; Simons and Mason, 

2003). Similarly, Piercy and Rich (2015), Wiese et al. (2015) and Hajmohammad et al. (2013) suggest 

that SCM provide means like consolidation of orders and improved fill rates for example, by which 

environmental actions can be encouraged, leading firms to superior environmental performance. 

Likewise, TQM and the lean practices included in this bundle enhance environmental performance 

according to the literature analysed. Kaizen is considered in literature an important mediator to 

achieve environmental performance (Hong et al., 2012) and through continuous improvement 

teams, kaizen enhances mass and energy flows in manufacturing environments (Pampanelli et al., 

2014), in addition helps identifying wastes and learning how to eliminate them along the value 

stream (Chapman and Green, 2010). Similarly, 5S is considered a good starting point for learning 

how to identify and eliminate waste (Taubitz, 2010), at the same time increases productivity and 

reduces defects, enhancing then better environmental performance at the source (Miller, 2010; 

Vais et al., 2006). 

With less importance in literature but with remarkable positive results, the HRM bundle with 

practices such as employee training (Sobral et al., 2013) and people commitment techniques 

improves lean success, driving firms towards sustainable operations and facilitating the prevention 

of failures during the production process that might lead to rework or unnecessary resources usage 

(Wong and Wong, 2014; Rothenberg et al., 2001). 

To end with the positive effects of lean, regarding to the TPM bundle authors such as Garza-Reyes 

et al. (2018), Cherrafi et al. (2017b), Chiarini (2014) and Fliedner (2008) determine that preventive 

and proactive maintenance are environmental improvement facilitators and can reduce numerous 

machine associated impacts, such as emissions to air, noise pollution and oil leakages and may 

eliminate process failures that generate rework, scraps and unnecessary resource consumption. 

In opposition, the JIT bundle seems to be the most problematic since small lot delivery produces 

additional wastes and emissions to manage, authors consider it as the principal area where lean 

and green cannot be combined. JIT practices may cause further degradation of environmental 

performance and companies should take care, from an environmental perspective when 

implementing them (Zhu and Sarkis, 2004). Cusumano (1994) describes that in Japan, production 

plants have altered their JIT systems to reduce air pollution. Furthermore, frequent delivery 
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practices may result in an increase of transportation which rises CO2 emissions, contradicting the 

air emission reduction principles of green practices. Dües et al. (2013) explain that companies have 

to find new solutions to minimise the impact on the environment of JIT practices. They suggest 

that this can be done by, for example, selecting suppliers of a certain geographic area to enable 

truckload sharing for delivering or, when small amounts have to be delivered, managing the routes 

in order to supply multiple customers in the same area. Other scholars affirm that there may exist 

positive and negative effects at the same time such as the reduction of hazardous inventories versus 

the need of extra packaging (Corbett and Wassenhove, 1993). Moreover, Rothenberg et al. (2001) 

suggest that the focus on JIT principles, waste minimization and buffer minimization can conflict 

with some features of environmental performance, in particular with the VOC (Volatile Organic 

Compounds) emission. In addition, some SCM objectives which are included in this bundle can 

conflict with environmental interests as distances increase along the supply chain (Venkat and 

Wakeland, 2006; Simons and Mason, 2003) and can produce mixed positive and negative 

outcomes. These are the so-called trade-offs since not all companies belonging to the same supply 

chain can be absolutely lean or green and some strategies do not seem naturally synergistic. 

Authors remark the benefits of understanding these trade-offs and their possible optimization may 

enhance performance in the future (Carvalho et al. 2017; Mollenkopf et al. 2010).  

To conclude, the TQM bundle presents one negative impact. Rothenberg et al. (2001) explain that 

goals like superior quality of products for example, may lead to greater consumptions in order to 

achieve the desired quality levels. These authors suggest that the use of water, for example, in 

some processes is critical for the quality of the product, consequently lean manufacturing plants 

may have greater water consumptions for the achievement of this superior quality. 

3.1.7 Positive impacts of lean on environmental measures: preliminary evidences 

This final phase of the SLR analysis was applied to the set of papers listed in Annex 1 and aimed to 

find the preliminary evidences existing in the literature about the links between each of the key 

practices analysed and the main environmental performance measures. 

Then, Table 1 provides the positive relationships found in literature between the EPA’s basic 

environmental measures and various relevant lean practices included in the Shah and Ward’s 

bundles. The value inside the cells shows the number of documents that suggest a positive 
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relationship between the practice in the row and the environmental measure of the column within 

their studies and examples of implementation. Additionally, the rightmost column of the table 

shows the degree of impact of each lean practice. Similarly, the last row indicates the 

environmental measures that benefit the most from the implementation of lean practices.  

Nevertheless, prior to the analysis, it is worth highlighting that the numbers in Table 1 are not 

identical to the numbers included in the previous Figures 7 and 8. The reason is that in this table 

are analysed direct relationships present in literature, this denotes that if a paper uses two different 

indicators or practices in the same publication in this chart the study will be considered more times 

and in the previous figures once. 
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Energy 

use 

Land 

use 

Materials 

use 

Toxic/hazardous 

chemicals use 

Water 

use 

Air 

emissions 

Water 

pollution 

Solid 

waste 

Product 

impacts 

Money 

saved 

Most 

impactful 

practice 

JIT 

SCM 4 1 4 4 1 6 2 5 1 2 30 

VSM 7 3 8 6 5 9 5 7 2 8 60 

SMED 2 0 1 0 0 2 1 1 0 1 8 

TQM 

5S 5 2 5 3 2 3 2 4 1 3 30 

Kaizen 3 2 4 6 5 5 4 4 2 5 40 

KPIs 1 0 1 0 1 2 0 1 0 1 7 

Visual 

management 
2 1 2 1 1 2 0 1 0 0 10 

TPM 2 0 1 1 0 2 1 3 0 1 11 

HRM 2 0 1 0 2 1 0 1 0 0 7 

Most impacted measure 28 9 27 21 17 32 15 27 6 21  

Table 1. Lean practices and environmental measures 
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The results outlined in Table 1 suggest that VSM with its waste identification techniques 

should improve positively the values of the measures corresponding to air emissions, money 

saved and energy use (Cherrafi et al., 2017b; Deif, 2011; EPA, 2007). The measures regarding 

the use of materials, solid waste and toxic/hazardous chemicals use are also considerably 

benefited by the VSM implementation (Pampanelli et al., 2014; Chapman and Green, 2010; 

Fliedner, 2008). Moreover, water use and water pollution are also positively affected but 

with less presence in literature (Pampanelli et al., 2014; EPA, 2007). 

Secondly, continuous improvement or kaizen uncovers and eliminates hidden wastes, 

waste-generating processes and significantly enhances the measures corresponding to 

toxic/hazardous chemicals use, water use, money saved, water pollution, solid waste 

(Pampanelli et al., 2014; Pampanelli et al., 2011; EPA, 2007), materials use and air emissions 

(Garza-Reyes et al., 2018; EPA, 2013). Less evidence of positive relationships with kaizen was 

found for the energy use measure (Fliedner, 2008). 

In third place, literature suggests that SCM produces diminutions in air emissions and 

reduces solid waste and toxic/hazardous chemicals use based on the analyses carried by 

Hajmohammad et al. (2013) and Zhu and Sarkis (2004) for example. In addition, packaging 

wastes and other unnecessary materials might be reduced using SCM (EPA, 2003) and 

strategies integrated in this practice like supplier selection could be useful in order to achieve 

energy saving gains as was remarked by Cherrafi et al. (2017b). 

A similar number of studies affirm that 5S can assist maintaining a workplace clean and in 

order. Moreover, using its principles companies may reduce energy use, by evidencing for 

example those machines which should or should not be operating (Torielli et al., 2011; EPA, 

2007). Similarly, 5S may enhance productivity facilitating the reduction of materials 

utilization (Vais et al., 2006; EPA, 2003), can improve solid waste treatment processes in 

firms (Cherrafi et al., 2017b), reduces the consumption and utilization of toxic/hazardous 

chemicals (Fliedner, 2008) and increases money savings from implementation in production 

projects (Miller et al., 2010). 

The rest of relationships regarding to TPM, visual management, SMED, KPIs and HRM 

(noted in Table 1) are less present in literature, this happens perhaps because there is not an 

easy and direct connection between these practices and the environmental categories used. 
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Another explanation of these lower grade relationships is that literature research streams are 

more oriented versus the study of the trade-offs of lean and green strategies. This means that 

the study of the most conflictive areas between these two paradigms has been studied 

definitely with more depth than those practices that presumably do not seem problematic 

to the environment. 

Concluding, in addition to the previous evidences obtained from literature about the green 

aspects of lean production and their points in common, this literature analysis went deeper 

and developed a sketch of the relationships between practices and measures. From the sum 

of the most related practices and measures in Table 1, it can be deduced that JIT and TQM 

(with their practices comprised) are the most impactful bundles on environmental measures; 

and air emissions, energy use, solid waste, materials use, toxic/hazardous chemicals use and 

money saved are the most impacted measures by the lean practices analysed. These are 

preliminary evidences found in literature about these positive relationships, therefore, 

further investigation is needed to know with more certainty how does lean affect in the 

firm’s environmental performance and its direct consequences on green measures, by the 

means of its practices. 

3.2 Gaps arising in extant literature 

During the systematic literature review analysis, it was observed that the number of papers 

on the subject already described in this thesis has been progressively increasing over the 

years (see Figure 3) and has revealed the presence of two research gaps apart from the 

conclusions outlined in the previous sections. These open research opportunities are 

targeted below these lines and will be addressed in the following chapters of this thesis. 

From the key papers identified using the search method outlined in section 3.1.2 only 3 

articles could be found reporting various environmental impacts directly produced by 

specific lean practices. 

The first of these analyses is based on the empirical observation inside five motorcycle 

companies (Chiarini, 2014), in it the author observed and measured some relevant 

environmental measures before and after 6 months of the implementation of five lean tools. 

Nevertheless, these analyses are very punctual since the author is measuring for a very short 

period, only five and very specific lean tools, using very specialized measures to the firms’ 
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activity and on companies of the same sector. According to the author these specific 

characteristics of the study can hinder the generalization of results, nevertheless he 

encourages for the development of further research in this field.  

The second of these articles applies a framework that methodically guide companies to 

effectively integrate lean six sigma and green production systems (Cherrafi et al., 2017b), 

following up the projects in four companies and measuring before and 8 months after the 

implementation of the framework. It is possible that the effects of lean practices have not 

been reflected perfectly in this study since the efforts of lean implementation and its practices 

are also focused on environmental performance objectives, in addition it is noteworthy that 

this study actually analyses the integration of both lean and green paradigms. 

Thirdly, Garza-Reyes et al. (2018) investigated the impact of JIT, autonomation, kaizen, total 

productive maintenance (TPM) and value stream mapping (VSM), on four measures for the 

compliance of environmental performance, i.e. materials use, energy use, non-product 

outputs and pollutant releases. Then, applied correlation analysis to model the relationship 

and effect of these lean methods on the environmental performance of 250 manufacturing 

companies around the world. Apart from the interesting contributions that were taken into 

account also in the study of the existent literature, this article has the typical limitations of a 

survey study, therefore, the authors suggest developing in the future qualitative and 

convincing empirical research with selected companies in order to extend and validate the 

findings. 

Thus, the first and main gap found in literature is the need for a clear identification of the 

empirical effects of lean practices on environmental performance, as limited empirical 

research has been conducted in this field (Garza-Reyes et al., 2018). This research has been 

done very superficially, sometimes influenced by the consolidation of both paradigms for 

the achievement of environmental objectives (Verrier et al., 2016; Ng et al., 2015; Kurdve et 

al., 2014; Pampanelli et al., 2014) and without providing robust and generalizable 

conclusions. Furthermore, only 6 articles out of 72 (8%) (see Figure 5) used a methodology 

of multiple case studies. This means that most of the empirical studies were developed using 

a single case methodology without confronting the evidences between firms and not 

enabling a general empirical explanation of the phenomenon. 
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Secondly, it was also observed that the papers studied about lean and green relationships are 

often punctual analyses in time (i.e. Powell et al., 2017; Campos and Vazquez-Brust, 2016; 

Wong and Wong, 2014) while a medium-long term vision is lacking considering the 

evolution of the process of lean transformation in practice (see Table 2). It would be 

interesting to understand how environmental measures variate during the implementation 

of lean, this transformation process usually lasts more than a year since it represents a 

strategic-changing activity involving primary and support activities of the value chain like 

technology development, company’s infrastructure, procurement and human resources 

management (Achanga et al., 2006; Porter, 1985). All these considerations were deemed to 

establish the second research gap that guided this thesis. 

Analyses covered in literature 

Short term analyses (less or equal to 1 year) ✓ 

Medium-long term analyses (more than 1 year) ✘ 

Table 2. Identification of the second research gap 

In summary, the environmental impacts of lean practices are frequently claimed as a 

connecting factor between lean and green manufacturing but the nature of the link and the 

specific effects, receive only superficial and punctual examination in literature. There is 

scope for further discussion, and particularly for deepen on the environmental effects of lean 

practices within companies over the years. As a final point, by studying these gaps more 

understanding will be gained on how lean practices impact environmental measures. 

3.3 Setting research questions 

Turning the research towards the empirical analysis and based on the preliminary 

exploration of the research area, literature and the gaps of the research noted above in this 

thesis, it was decided that the research questions should focus the research on: 

− Identify and classify the existence and type of relationships between lean practices 

and environmental improvements in companies. 

− Deepen on how and in what measures lean practices impact in reality and in a long-

term context. 
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Designed to accomplish these scaled objectives, the following research questions were 

selected to guide the methodology of research that will be explained in chapter 4: 

− RQ1: Do lean practices impact on environmental measures?  

The answers to this question will show the type of relationships occurred between 

practices and measures as a preliminary approach to the subject, whether they are 

environmentally friendly, neutral or harmful to the environment. 

− RQ2: How do lean practices impact on environmental measures? 

This question is about the way and how the effects of lean practices impact on 

environmental performance measures. In addition, developing the study during a 

long period of time, it will be possible to understand how the variations on the 

measures are distributed over time since lean implementation is not an instant 

transformation in the company and takes long time. In this sense, it may happen that 

after the immediate implementation of lean the environmental measures of the 

company decrease because the effects of lean are not visible yet. 

These research questions were deemed appropriate for moving the research in the right 

direction trying to meet the objectives set, fill the research gaps and achieve the expected 

final results. Subsequently, they also served to build the following theoretical research 

framework and to choose of the appropriate methodology to address the issues which are 

scope of this research. 

3.4 Theoretical framework  

Joining the objectives and research questions above detailed for this research, a theoretical 

framework is proposed in this section to systematise the empirical study of the influence of 

lean practices on environmental performance in an industrial context.  

This is a first step providing a wide-ranging overview and understanding of the influence of 

lean practices on environmental performance measures before the description of the 

methodology used. Figure 9 illustrates the proposed framework. 
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Figure 9. Theoretical framework of the research 

As shown in Figure 9, from the lean production paradigm various lean practices were 

selected, some of them were included in the previous literature review study within the lean 

practice bundles delimited by Shah and Ward in 2003. In addition, other important practices 

were added to the study from other important works in the lean production field (Shah and 

Ward, 2007; Panizzolo, 1998; Flynn et al., 1995; Chan et al., 1990). It was not only intended 

to continue the study of the preliminary relationships seen in the literature review analysis, 

but to expand the study with more lean practices that are currently used in industry. 

In contrast, related to the green production paradigm, the theoretical framework illustrates 

a certain number of categories to evaluate the influence of the predefined lean practices on 

companies’ environmental performance (EPA, 2007). These categories might contain a large 

number of measures (see Annex 2), on the assumption that they measure the scope of the 

category. Regardless of this, apart from the categories mentioned only one extra category 

was added, and it is the “hazardous waste” measure, that was considered interesting for this 

study.  

Obviously not all categories of environmental measures are of interest to all companies since 

they measure the parameters that most affect their activity. Therefore, will be finally 

included in the discussions of the thesis those that companies made available for this study. 
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In summary, in this section it was presented in a visual, theoretical and schematic approach 

the main purpose of this thesis, which is study empirically the effect of various lean practices 

on different environmental performance measures. 
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Chapter 4. Research methodology 

With the purpose of achieving solid results for the contribution of new scientific knowledge, 

this chapter discusses the selection of the appropriate methodology for this research. 

The studies about the impact of lean practices on environmental performance measures 

have not yet reached maturity, so the methodology of multiple case studies was chosen, 

looking at 5 lean companies from the Italian manufacturing industry for a period of at least 

5 years, starting from the beginning of the lean implementation process (t0), see Figure 10. 

The aim was to measure the performance of the environmental indicators in these 5 years 

deriving from the implementation of various lean practices. 

 
Figure 10. Time span of the study 

As was noted before, this transformation process since it represents a change of firm’s 

strategy usually lasts more than a year (Achanga et al., 2006; Porter, 1985) and the impact of 

lean on operations is not completely evident immediately after its implementation. 
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This section is organised as follows: first, the research approach selected is presented; second, 

the research protocol is explained, the method used for reliability of the instruments is 

described and the criteria of selection of the cases are listed; in addition some general data of 

the companies included in the sample are also provided and; finally, the procedures for data 

collection and analysis are described. 

4.1 Research approach 

In order to study the relationships in practice; fill the gaps described and answer the research 

questions developed; it is important first, to examine the level of implementation of the lean 

practices, then observe what is their real impact on companies’ environmental performance 

measures and finally know how this impact happens during the lean transformation process 

of the firm.  

Therefore, a multiple-case study approach was considered the most suitable method for this 

research. This approach based on observations, is very appropriate to interact with 

organizations, facilitates the development of in-depth investigations in different contexts of 

reality and provides an immediate validation of the findings which a survey cannot provide. 

Additionally, it permits the development of a cross-case analysis for comparing the 

relationship patterns emerged in each company and enables the elaboration of a general 

explanation of the phenomenon. 

Moreover, the case study methodology permits the questions of why, what and how, to be 

answered with a relatively full understanding of the nature and complexity of the complete 

phenomenon (Voss et al., 2002; Yin, 1994). Additionally, the case study method is the most 

appropriate procedure both for developing and test new scientific theories (Eisenhardt, 

1989), it can be used for identifying linkages between variables and provide practical tools 

for professionals who deal with the issues object of study in their own work practice (Voss 

et al., 2002). 

Once the decision of using case study methodology is taken, it is important to decide how 

many cases should be developed. In this sense, the use of a multiple case study approach 

may reduce the depth of the study, especially when resources are constrained; however, 

external validity is augmented at the same time (Voss et al., 2002) and for theory building 

and testing purposes, the use of multiple cases is likely to create more robust and testable 
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results than single case research (Eisenhardt and Graebner, 2007; Johnston et al., 1999). 

Therefore, considering the advantages and disadvantages of this methodology, it seems that 

it fits perfectly with the purpose of this study, and indeed the multiple case study 

methodology was chosen for this investigation. 

Subsequently, the case studies were conducted in the same manner (see section 4.3) 

proposing the participants a structured questionnaire during the interviews (see sections 

4.2.1 and Annex 3) to enable the aforementioned cross-case analysis aimed to identify 

compatible patterns across the companies (Yin, 1994; Eisenhardt, 1989) and pursue internal 

validity of the findings (Voss et al., 2002). 

To conclude, during the development of the case studies and during the data collection 

process was adopted the so-called “triangulation between methods” including data from 

semi-structured interviews, personal observation, documentation reviews, internal reports 

and database research. Literature on qualitative studies suggests that the use of multiple data 

sources provides increased reliability of data (Barratt et al., 2011). Anyway, this topic of 

reliability will be deepened in section 4.2.2. 

4.2 Research protocol 

In this section some key points regarding the development of this research are explained. 

These describe how the theoretical insights already defined were reflected in practice in 

order to obtain the evidences from the case studies. In addition, the selection criteria adopted 

of the cases are listed. 

4.2.1 Questionnaire 

In the research design, 5 firms were used to collect data regarding the level of 

implementation of 17 lean practices and the evolution over time of 10 environmental 

performance measures according to the proposed theoretical framework (section 3.4). 

The questionnaire used is presented in Annex 3 and was intended to assist research as a 

protocol for the semi-structured interviews and, at the same time it was devised primarily 

to “break the ice” and to obtain the first qualitative evidences that will be developed and 

extended throughout the interview. It was also used as a fillable form to obtain in a clear 

way the quantitative data that complemented the qualitative evidences. 
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For these purposes, the questionnaire was divided in three sections to be filled with the 

answers of the interviewees: 

− Demographic data questions: containing open-ended and multiple-answer with 

percentages questions. The goal was to obtain some general information about the 

sample and to achieve firm characterization. 

− Lean practices’ section: provides a chart to be filled with useful data about the 

economic results of the company during time and lists various Likert scale questions 

to understand the level of implementation of the practices. These Likert scale 

questions served as a pretext to obtain a more detailed explanation from the 

interviewees about the implementation of the lean practices. Moreover, it was 

considered that a lean practice was totally implemented if the firm demonstrated a 

formal plan of implementation of the practice and if the company made specific and 

documented formation or workshops aimed at implementing such that 

transformation initiative. 

− Environmental measures’ section: containing two charts for qualitative and 

quantitative data collection about the evolution over time of the environmental 

measures of the company. The numerical data obtained were explained at the same 

time by respondents to justify the evolution and their relationship with the lean 

transformation over time. This section was also aimed to justify big increments or 

diminutions on the measures’ values, to know if some exceptional circumstances 

occurred and which was their effect on these measures. The final objective was to 

obtain the maximum information about the environmental measures to then isolate 

in the best way possible external and circumstantial impact factors from the effect of 

lean practices on the value of the measures. 

− Qualitative relationships’ section: based on the previous information obtained, the 

respondents were supposed to fill the final chart of the document with the available 

evidences of positive or negative effects of lean on the environmental measures 

provided previously. Further justifications with archival data and reports were given 

by research participants to compliment the answers. 
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4.2.2 Reliability and avoidance of bias 

A reliability analysis was employed to check whether the instruments used to collect 

evidences are reliable. This subsection provides an explanation of the techniques that were 

selected to avoid bias during the stages of this research, these will be also deepened in other 

sections.  

The issues of reliability and validity are essential in research as there is a need to ensure that 

the data collected, examined and analysed are consistent and accurate to obtain reliable 

results (Saunders, 2011). During the development of this research, various methods were 

used to avoid bias and they are explained below these lines. 

First, the elaboration of multiple case studies and cross-case analysis can increase external 

validity and help against observer bias. In addition, the use of multiple case studies avoids 

the risk of misjudging a single event and exaggerating available data, these risks may appear 

if only one case study is used but they can be mitigated if data are compared across cases 

(Voss et al., 2002).  

Secondly, a standardized interview protocol was used at each meeting to avoid bias on the 

interviewer’s part. Although the study is not a survey, it was decided to validate the 

questionnaire that guided the interviews with the companies. The objective was to eliminate 

irrelevant and ambiguous questions, obtain feedback on the questionnaire’s logic and add 

extra relevant questions if necessary. 

Robson and McCartan (2016) suggest a method for validation by addressing a small group 

of people to develop a previous study before the distribution of the questionnaires to 

participants. Therefore, a pre-test with four experts (2 academics and 2 practitioners) was 

developed: first, informing about the research aims; second, mailing the protocol and the 

questionnaire; third, interviewing by phone the participants regarding to the clarity of the 

concepts and the suitability of the questions; finally, the interviews to obtain the final 

feedbacks were performed. During the third stage some comments were extracted and 

helped to correct, rectify and validate the questionnaire. 

Following, the entire research protocol and the questionnaire were again tested within a 

pilot case study in the so-called “Company Pilot” to proof the consistency and adequateness 
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of the methodology to the aims of the research. A manufacturing company with high 

experience in lean and with significant concern in environmental issues was chosen, 

following the case selection criteria outlined in section 4.2.3, and was followed up the 

research protocol that will be explained afterwards in section 4.3. After this process some 

minor changes were again made to the questionnaire to facilitate the understanding of it by 

the participants. The pilot case was also useful to “break the ice” in the use of the protocol 

and the methodology. In this process some lessons were also learnt about how to gather and 

analyse the data and responses of the interviewees and consequently, were applied to the 

rest of the cases. 

Thirdly, during the development of the case studies, triangulation of data was applied. This 

way, using retrospective data and multiple sources of evidence the threat of reactivity 

(researcher’s presence may alter what is being observed), researcher bias (researcher's 

assumptions that may influence their perceptions and understanding) and respondent bias 

(behaviour alteration of respondents due to the awareness that they are being observed) 

were reduced. 

Finally, although it is not considered as a method, it is remarkable the high involvement of 

the companies under study and their interest about the final results of the research. This also 

guarantees in some way the accuracy and veracity of the data. 

4.2.3 Case selection criteria 

A question arose as to the number of cases that should be selected for the study. Voss et al. 

in 2002 describe this dichotomy, proposing that fewer are the number of cases, greater is the 

chance for depth of observation. Conversely, multiple case studies can increase external 

validity and help against observer bias, creating also more robust and testable theories than 

single case research (Eisenhardt and Graebner, 2007; Johnston et al., 1999). However, as was 

suggested by Eisenhardt in 1989 a range of 4-10 cases usually should be enough, he also 

cautioned that if less than four cases are used it may be more difficult to capture the 

complexity of reality and if more than 10 cases are used it could become problematic for the 

researchers to analyse the information. 

According to these premises, a sample of 5 companies was chosen following some strict 

criteria. Each of these criteria has been carefully identified and verified in such a way that it 
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was aligned with previous assumptions. Where possible, the cases were preselected by 

viewing the data on AIDA and Accredia databases and the collection of the preliminary 

information (i.e. environmental commitment, lean strategy, number of customers, mission 

and vision) was carried out through the review of their corporate websites. 

Consequently, the whole of the companies comprised in the sample respect the following 

parameters and include them all in their profiles: 

− are based in Italy. In particular, are located in the Northeast area, historically 

characterized of a large number of industrial companies. 

− are profiled in section C of the European NACE code corresponding to 

manufacturing activities. 

− are engaged in lean transformation programs for a minimum of 5 years. 

− show evident concern for their environmental impact and carry out measurements 

yearly of environmental measures at least from the starting year of the lean 

transformation process. 

− have a lean promotion office and an environmental and safety office. 

From a practical point of view, it was made sure that it would be possible to observe the 

processes, practices, operational and environmental data and that there would exist a full 

willingness of the company to make available their documents and historical data. It was 

also guaranteed the availability to interview the managers. 

In the following Table 3 are summarized various important and up-to-date data of the 

companies selected for the study. 
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Case studies 
Type of  company 

(European NACE Code) 
Location 

Size 

(employees) 

Turnover 

(millions of  

euros) 

Start of  the 

lean 

transformation  

Research participants interviewed 

Company 

Pilot 

Manufacture of  non-domestic 

cooling and ventilation 

equipment (2825) 

Venice 225 (2016) 58,473 (2016) 2013 

(1) Production and logistics 

manager, (2) Chief  of  environment 

and security management 

Company A 

Manufacture of  metal forming 

machinery and machine tools 

(2480) 

Vicenza 58 (2017) 18,884 (2017) 2013 
(1) Lean manager, (2) Head of  the 

environmental and security service 

Company B 
Manufacture of  agricultural and 

forestry machinery (2830) 
Padova 46 (2016) 15,014 (2016) 2010  

(1) Kaizen promotion officer, (2) 

Safety and environment officer 

Company C 

Manufacture of  engines and 

turbines, except aircraft, vehicle 

and cycle engines (2811) 

Padova 373 (2017) 71,700 (2017) 2013 
(1) Production system coordinator, 

(2) Prevention and security manager 

Company D 

Manufacture of  non-domestic 

cooling and ventilation 

equipment (2825) 

Padova 416 (2017) 80,000 (2017) 2013 
(1) Kaizen manager, (2) Safety and 

environmental manager 

Table 3. Main data of the companies considered
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4.3 Data collection and analysis 

As was already introduced, the data collection was mainly performed through semi-

structured interviews, assisted by other sources of evidence that will be described later. The 

data gathering was based on the literature review settled before relating lean practices and 

environmental performance, as well as on the theoretical framework developed in Figure 9. 

With this pretext, a set of questions was devised into a questionnaire (see Annex 3) and was 

used as a structured interview protocol to collect the data of interest from every research 

participant of this research. In this section, it is described the process of collecting and 

processing the evidences obtained following five steps. These are listed in Figure 11. 

 

Figure 11. Steps followed for the development of the case studies 

The first step noted in Figure 11 was carried out before performing the interview and 

consisted in informing in advance by email some evidences about the questionnaire. Then 

practitioners were interviewed by phone, by email or in person regarding the clarity and 

appropriateness of the questions. The purpose of this was to support the research by 

informing the participants before the meeting about which data will be useful for the 

development of the interviews. Moreover, this step was helpful to identify possible problems 

of understanding of the questions, solving them before they arose. 

As second step, the main concepts of lean production and environmental performance were 

presented to each interviewee. The main concepts regarding lean practices and 
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environmental measures were detailed showing their main definitions and making clear 

once more the objectives of the research. At this stage, the theoretical insights from chapter 

2 and the theoretical framework presented in Figure 9 were particularly helpful. 

During the third step, the most significant part was held: this is the phase of the interview 

and the collection of evidences with the support of the questionnaire. All the interviews 

described below took place in the presence of both researchers and interviewees. The 

questions were both closed and open-ended and the respondents were guided to reply in the 

order specified: first, demographic questions for categorization; second, the lean practice’s 

implementation part; third, the section about environmental measures and their evolution 

over time; and finally, the section regarding to the qualitative relationships. At the same time 

was granted the freedom to deepen the subject of the answer to each question providing 

elements, data and demonstrations that the respondent considered valuable. Nevertheless, 

the same interview protocol was used at each meeting to avoid bias on the interviewer’s 

part. Interviews were carried out to provide a deeper view of which lean practices were 

implemented by the companies and how the influence on their environmental performance 

measures occurred. While managers and practitioners were interviewed, their responses 

were compared with the archival data furnished. In summary, the information gathered in 

this stage was mostly interviewees’ answers, supported by observation and archival 

documents provided by them. 

In the fourth step, the evidences and relationships that emerged during the interview were 

presented, discussed with the interviewees, completed, concluded and approved in a 

definitive way. 

After the interviews, the information and data were processed in the university department. 

Meanwhile, further follow-up questions were done by phone or were sent by e-mail. In all 

cases the companies’ anonymity was kept in accordance with the general request for 

confidentiality. This was the last stage of the data collection. 

Once this protocol was designed, the final preparation for data collection was to test it 

conducting a pilot case (Yin, 1994). This pilot case study was helpful to refine the data 

gathering plans and to gain experience in the interviews with the purpose of saving time and 

efforts in the successive cases. After the practical test in “Company Pilot” was considered a 
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success, and the lessons learned during its performance were assimilated, the steps described 

above were applied equally to each of the case studies. 

Moreover, in stages two, three and four, which constitute the main part of the empirical 

research, the interviews with the research participants were developed. For each company 

three half-day meetings were arranged (4 hours): 

− The first, to introduce the research and collect the data about the lean 

implementation. 

− The second, to know the environmental performance of the company and its 

evolution. 

− The third, to collect the evidences about the relationships between practices and 

measures; ending up with a discussion and conclusion of the evidences. 

The meetings were made on-site and in presence of the operations and lean managers and 

the environmental and security officers when required. 

Additionally, as noted in section 4.2.2 all the information and evidences obtained were 

compared using triangulation between methods (Barratt et al., 2011). The use of multiple 

sources of evidence provides increased reliability of data (Yin, 1994). These were the main 

sources utilized: 

− Internal documentation, reports, archival records and operating statistics. 

− On-site observations during the elaboration of the interviews and evidences from 

discussion and throughout the follow-up process. 

− Company websites and AIDA and Accredia public databases. These records contain 

comprehensive information on the Italian companies under study. 

As a final point, the different case studies were compared in the cross-case analysis section, 

which allowed to highlight the environmental effects of lean practices in the studied 

companies. The data was analysed using the computer programme Microsoft Office Excel 

in order to code and summarize all the relationships and effects of lean under study. 
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Chapter 5. Analysis of  the case studies 

This section first synthesizes some useful information of the cases in an overview of the 

companies, to then be able to initiate the within-case analysis. In particular, the within-case 

analysis describes the main lean transformation activities involved, the environmental data 

provided by organizations and the impact of the practices on green performance for each 

company. In the end, a cross-case analysis is presented to provide a better explanation of the 

lean practices’ behaviour and their influence on the environmental performance of the 

companies investigated. 

5.1 Description of the companies 

In this section a detailed description of the 5 business contexts studied is developed, 

synthetizing them to proceed afterwards with the within-cases analysis and the cross-case 

analysis. A general overview will be provided for each of the firms in historical and current 

terms. 

5.1.1 Overview of Company Pilot 

Company Pilot was founded in 1983 and it is an Italian firm dedicated to the production of 

air conditioners for large spaces. In 1987, this “new company” was the first in Italy to design 

and build refrigeration units with screw compressors. Its rapid development and success in 

the market happened due to what was then a real revolution, meant to leave its mark in the 

conditioning industry. 
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In 1992, Company Pilot was joined by an organization specialized in the conditioning of 

residential and industrial spaces. In consequence, during 1993 a division was created, this 

produces chillers and thermoregulators for industrial processes. Later on, in 1996 another 

branch was born, this one is specialized in chillers for food preservation and in medium and 

low temperature industrial processes. Simultaneously, the firm creates a service company 

engaged in after-sales assistance to all the branches created and, in the management and 

maintenance of the plants. 

In 2001, Company Pilot buys a firm dedicated to the design and production of thermo-fan 

coils. The constant growth and the need to organize itself in an even more effective and 

competitive way in the global market led, in 2004, to the creation of a group. Nevertheless, 

the group kept Company Pilot as principal headquarters. 

Afterwards, in 2005, two commercial branches were opened, one in Spain and the other in 

France. After that, in 2006, the group reached the highest levels of excellence achieved so far 

with about 350 employees and 5 production plants, reached a turnover of around 80 million 

euros and the 65% of the group's production was destined for the foreign market. 

The good results obtained until that time created the necessity of sustain and improve the 

market position of the company, for that reason in 2006 the company started to make some 

experimentations with lean, however after some months the project was stopped. 

In 2008 the new headquarters of the group were inaugurated, which host the production of 

Company Pilot and other branches in a new and technological plant framed in a project of 

quality and technical excellence. These are located within an area of 50.000 m2 of which 

22.000 m2 are indoors. It is in this plant where the implementation of the lean production 

system begins once more, first in 2008 with some experimentations, but the project was 

again stopped to restart it definitively in 2013 until today. 

It is remarkable that during this time, in 2010, the company made a clear leap in quality 

becoming part of a global group, leader in energy saving and air treatment systems. At that 

time the company had 1.000 employees and 5 production facilities, with an annual turnover 

of 230 million euros. 
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Today, the entire group is one of the most successful companies in the air conditioning 

sector, with 430 million of euros of turnover, 2.100 employees and 11 production plants. 

Professionalism and innovation are the characteristics that have led the group to achieve, 

since 1994, the highest quality levels with special focus on: durability, ease of installation and 

maintenance, elegance and sobriety of design, energy saving and respect for the 

environment. As can be seen, the company is significantly concerned about the impact of its 

operations and makes efforts to control and reduce the environmental effects of its 

production plants, trying to make compatible efficiency, quality and ecological objectives. 

5.1.2 Overview of Company A 

Company A is an interesting industrial organization that has been working in the design and 

production of bread processing machines for over 50 years. The company's beliefs are based 

on the ancient traditions and skills of the craftsman combined with modern technologies and 

innovation. Moreover, the real mission is to achieve simultaneously, customer satisfaction 

and high-quality products so that customers can enjoy a healthy, balanced and fair diet, as 

well as a tailor-made service that accompanies them step by step. 

The history of Company A starts at the beginning of the seventies as a company that creates 

and develops bakery solutions. The first machines produced were the spiral mixer and the 

volumetric divider, rapidly were considered authentic technological innovations in the 

sector. They represented an added value in the business activity, and soon became reference 

for customers and competitors. 

In the eighties the company encouraged a further development of the international markets, 

from the sales of complete industrial lines for bread-making. 

The recent history of Company A underwent a turning point in 2010, promoting and 

researching innovation, which led the company to focus on the start-up segment. The main 

pillars of these innovative products for start-ups were their simplicity, excellent quality and 

at the same time guaranteeing energy savings and respect for the environment. 

In 2013 the firm launches its lean transformation with the creation of the first kaizen team 

which operates within the production department. At the completion of this first kaizen 

event, the project was extended to all areas of the company. Thus, during these last years 
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the renovation involved four aspects: the first was the employees in terms of change, 

learning and culture; the second was the splitting of the production plant in two areas: one 

for the production of medium-high volume machines and the other for low-volume 

products; the third was the establishment of flexible production lines; and finally, the fourth 

consisted in concentrate efforts towards the generation of the maximum value to the 

customer.  

Another important objective pursued by the company in addition to quality and efficiency 

is the respect for the environment, which not only applies to its production processes but 

also targets with its products. In this sense, Company A offers products with reduced energy 

consumptions that constitute an important competitive advantage for the firm. 

In conclusion, Company A is a manufacturing firm currently established in the Vicenza 

province (Italy), with about 60 employees that work in a plant of about 12.000 m2. The 

industrial complex includes all the areas of the value chain such as production, 

administration and commercial departments. 

5.1.3 Overview of Company B 

Located in the Italian province of Padova, this firm is an important company producing small 

and medium capacity milling plants. More precisely, it is engaged in the design, manufacture 

and marketing of agricultural machinery and processing cereals. The firm is inspired by 

traditional values and the passion of caring about nature and living the countryside. 

Moreover, by using a policy of continuous investment in technology and human resources 

and assisting the customer with the most up-to-date and timely services, Company B is 

strongly projected towards the future. 

The development of Company B began in 1983 when its main activity consisted in the 

production of mills for cereals. Later on, the 90s represented a fundamental milestone for 

the agricultural machinery sector as, in order to satisfy the various needs of the customers, 

the already wide range of spreader machines for fertilizing and sowing was increased with 

new models. 

In those years, after some changes in management, the company experienced a constant 

growth trend that led in 2002 to the unification of production processes in the modern plant 
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of Padova. Additionally, the pace of work required the enlargement of the production plant, 

reaching the current 30.000 m2 of covered area between headquarters, offices and 

production in the Padova’s factory. 

After the start in 2010 of the lean transformation process with the implementation of various 

lean production techniques and the establishment of the kaizen office, the firm can now 

guarantee its customers greater quality and be competitive at the same time. The plant starts 

to achieve after the lean implementation remarkable results.  

The respect for the environment is a priority aspect for the agricultural sector: both for those 

who produce machinery and for those who use them. For this reason, in the design of the 

machines, Company B carefully chooses the materials, lubricants and paints that are used in 

the production processes. In addition, the use of resistant materials guarantees an extensive 

products’ life and, at the end of the machines’ life cycle, these can be discarded easily and in 

compliance with the strictest environmental waste disposal regulations. 

Finally, Company B also has an important international structure, which is well supported 

by representative offices that make possible that a 97% of the production is exported abroad, 

of which the highest percentages are covered by: states of the former Soviet Union (about 

50%), United States of America (20%) and South America (10%). 

5.1.4 Overview of Company C 

Company C is a leading Italian company in the mechanical transmission industry. It designs 

and produces innovative and high-quality products that significantly contribute to improve 

the mobility of people and goods. This firm provides solutions for sea transportation and 

offers innovative technology for many uses in this industry. Moreover, the company offers 

customers high-added value through a high level of technology, quality and service. 

The story of Company C began in 1929 when the company started the production of gears 

and precision parts for motorcycles. After some decades, the company creates its own space 

in the market and in 1965 joins a bigger group of the automotive industry. The firm turns 

into an industry that designs and builds transmissions for industrial, commercial and rail 

vehicles. 
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In the seventies the firm entered in the marine sector with the production of its first marine 

transmission in 1975. 

During 1995, the firm takes important strategic decisions, radically changing its production 

mix: the terrestrial sector is abandoned (lift trucks, buses and metros, transmissions for 

railway vehicles) to focus exclusively on the marine sector, which has become the real core 

business. 

In 2011 the plant located in Padova joined an important international group. After the fusion, 

Company B provides complete propulsion systems and components for all types of vessels 

such as motor yachts, military vessels, high-speed ferries and commercial vessels. 

The organization is very committed to sustainability and efficiency in order to guarantee its 

economic and financial independence. According to the lean principles, since 2013 Company 

B has an agile organizational structure that constitutes the basis for its continuous 

improvement philosophy. 

Besides this, among the main objectives of the strategy of Company C there is the one of 

promoting in the organization a constant attention to issues such as respect for the 

environment and care of employees’ security. Consequently, some audit activities are 

frequently developed directly at the workplace in order to guarantee the achievement of 

such objectives. 

The plant under study is located in a municipality of the province of Padova and engages 

currently 373 employees. The site covers an area of 75.000 m2, of which 25.000 m2 are 

indoors. The production structure is divided into 3 separate areas: mechanical machining, 

heat treatments and assembly. 

5.1.5 Overview of Company D 

Company D is an Italian company that produces equipment for the treatment of compressed 

gases, industrial refrigeration and air conditioning since 1982. Over the years the firm has 

developed a considerable commercial presence worldwide, gaining a reputation for the 

quality of its products, flexibility and customer orientation. 
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The firm makes clear on its strategy that their products are designed and made to meet the 

customer requirements, increasing the value for them and all along the supply chain, 

integrating partners and suppliers. 

It is in 2004, when Company D creates a group of companies and becomes the most 

important branch within it. The dimension of Company D’s group can be better understood 

by focusing on its milestones: employs over 400 people and produces over 50 ranges of 

products, in 2013 achieved a consolidated turnover beyond 75 million euros, with its 

production divided across three production plants, with 26.000 m² of indoor space and a 

total of 58.000 m². 

Still in 2013, the company took advantage of several years of growth and decided to start the 

lean transformation of its facility in Padova. The aim of this strategic change was intended 

to be aligned with the mission of the company, improve and sustain quality for customers, 

flexibility and obviously, improve efficiency and economic results. 

It is also remarkable the international presence of Company D since the exports of the entire 

group currently represent an 80% of its turnover, of which the 75% are inside the Eurozone. 

The main importer countries are Germany, France, Russia, United Kingdom and United 

States of America. 

Regarding to the protection of the environment, since the beginning Company D has been 

developing solutions and has been showing a very high commitment for the achievement of 

energy consumption savings in its production processes and its products. 

In 2017, Company D by itself reached an annual turnover of 80 million euros and 416 

employees within the production plant located in the Padova province in Italy. Beyond the 

economic results achieved by Company D, the guiding values of the firm are the search for 

reliability and innovation pursued with expertise, without losing its attention in important 

issues such as social and environmental responsibility. 
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5.2 The lean and environmental performance relationship in practice 

The data collected and described in the previous section provided a specific overview for 

each company in relation to their history, their initiation of the process of lean 

transformation and their concern for the environment. 

Now to give a complete vision, this section exposes the evidences emerged from the five 

case studies and the within-case analysis developed for each of them. In particular, describes 

in detail the main lean transformation activities involved, synthetizes their environmental 

data and the impact of the lean practices on environmental performance for each company 

in accordance with the data provided by managers. 

5.2.1 Analysis of Company Pilot (2013-2017) 

Lean practices in Company Pilot 

As was noted above, Company Pilot started in 2013 its transformation towards the logic of 

lean production after two unsuccessful attempts in 2006 and 2008. Then in 2013, the firm 

underwent the real and continuous transformation which has brought notable results in 

terms of respect of processing times, higher perceived quality, increased productivity, as well 

as of efficiency. For this reason, 2013 was considered the year of initiation of the actual lean 

transformation. 

The transformation process started by the establishment of a kaizen office (kaizen 

promotion office). With this action Company Pilot confirmed the firm's willingness to work 

with a view of continuous improvement, dedicated exclusively to the production processes. 

In this office, the kaizen events are periodically carried out, usually with a monthly 

frequency: various issues have been addressed from the implementation of the 5S, to the 

improvement of the supply chain and the redesign of the layouts of some production lines. 

Therefore, it can be said that during this time Company Pilot has been looking for a 

management/operating configuration in line with TPS and with a view to continuous 

improvement. 

In addition, during these years, the company has been involving the production lines in a 

procedure of identification and separation of those activities that add value from those that 

do not give added value (VSM). With the elimination of these non-value assets, the occupied 

spaces in the working areas were decreased significantly. Some of the lean wastes identified 
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were reduced with the quick changeover optimization provided by SMED. Other wastes 

such as the unnecessary motion within the process were reduced by the means of the 

spaghetti chart, or the observation of the paths and movements made by the workers of the 

production line. In addition, the transition from batch production to one-piece flow and the 

application of production levelling allowed: 

− the reduction of materials inside the lines; 

− further diminution of occupied spaces; 

− workforce reduction;  

− resilience to manufacturing nonconformities and the introduction of innovations. 

While the lines were under transformation, a system for the management of materials 

through a Kanban logic was introduced. The use of the Kanban system in Company Pilot 

ensures that each operating station produces only what is actually required by the 

downstream station. In this way, the warehouse is under control and the production keeps 

pace with shipments. Company Pilot also integrated some of its key suppliers in this Kanban 

system, giving flow and speed to the process. Currently, the firm is trying to increase the 

number of codes managed by supplier’s Kanban to have an even more pulled production 

starting from the upstream levels. 

Another successive focal point of the company’s transformation after the Kanban 

implementation was the transition to a pull logic of the entire production process. The 

company made the necessary changes to start production only following customer orders, 

and currently the company dedicates a 100% of its production to fulfil the orders. This way 

of working means that the materials flow within the production process as they are called 

(pulled) directly from the downstream department that uses them, and all the systems start 

working after the emission of the customer's order. In this approach, the materials even 

when they come from suppliers are not stored in the warehouse but pass through it for 

acceptance and they are immediately transferred to the assembly line, achieving the so-called 

free pass or quality at the source. 

After being proposed in the kaizen events, the adoption of the rules of 5S completed the first 

phase of the lean transformation in Company Pilot and involved the entire production plant. 

In addition, to the traditional rules of 5S, the “S” of security entered into force to cover the 
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social aspect and not only economic and environmental issues. The company seeks to 

achieve sustainability in all its dimensions. 

Simultaneously, standardization understood as the definition of new criteria and work 

procedures and the division of processes in micro activities was partially achieved. After the 

implementation of these two methods, the firm understood that the simplest things are the 

best, as they are easier to understand and implement. 

In line with this, the company pursued a more flexible line distributing the employees in 

working groups and assigning them different tasks. In this way, autonomy, flexibility and 

multifunctionality were achieved. 

During the development of the projects of improvement with both strategic and operational 

focus, the firm utilised practices such as PDCA and Hoshin Kanri to control and manage 

their development, and visual management to program and schedule in an autonomous way 

the activities of production and daily improvements. These techniques mainly provided 

speed in the diffusion of knowledge about the production operations and of the management 

guidelines within the process. 

In summary, the degree of implementation of the lean practices in Company Pilot is 

summarized in Figure 12, measuring in a 1 to 5 scale whether the practice: (1) is not known 

by the company, (2) is known but not implemented, (3) was tested but not implemented, (4) 

is implemented but it is among those less used and (5) is among those that the firm uses 

regularly. 
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Figure 12. Lean profile of Company Pilot 

Impact of lean on the environmental performance of Company Pilot 

After describing the lean transformation process of Company Pilot, the study is focused on 

the description of its effects on the environmental measures of the company with the 

testimony of the interviewees and the data provided. 

Thus, asking the research participants about the concern that the company has regarding to 

environmental performance, they answered that three measures are subject to 

measurement and control in Company Pilot: energy use, solid waste and hazardous waste. 

First, the travel times of materials within the lines have been standardized and lowered. 

Supplies are done more frequently for large materials using the "logistics train" system, 

which picks up materials and transports them in the so-called “Kanban boxes” after a Kanban 

order. The train avoids transport waste and allows small quantities of different products to 

be transported with frequent deliveries to the work stations. At the beginning of each line, 

the trend of the company and the productivity of the line are shown by means of visual 

management techniques, using graphs and indicators. Therefore, the Kanban “logistics 

train” used in the production lines was determinant to reduce unnecessary motion, 
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unnecessary waiting times and, in general, to lower the energy consumption within the 

plant. 

Second, actions developed like, for example, the reorganization of the flow of incoming 

products under the rules of 5S+S enabled important improvements. In this case, the 

reception area had the typical management of stacked warehouses, characterized by the 

disorder and difficult identification of the discharged materials. Frequently, materials from 

different supplies were stacked one above another, and sometimes the areas dedicated to 

arrivals and shipments were overlapped. 

To solve this problem, the teams decided to separate, physically and visually (with lines of 

different colours on the ground), the areas of acceptance and shipping; since they perform 

totally different tasks, the areas must be different (Figure 13). For the area of shipping, red 

stripes were chosen, while for the acceptance area the yellow colour was selected. After that, 

further subdivisions of the space were made to sort and standardize the unloading and 

storage operations, increasing the cleaning and assigning to the materials deposited there, a 

direct correspondence with the area where they have been storage. Then to allow the FIFO 

method to be implemented, the zones were structured as paths, and various guidelines were 

defined for unloading, these guarantee that in each path there is only the material of a certain 

supplier, so that there can always be the way free for the forklift, and to assure safety, a 

manoeuvring space has been left behind, in this manner the passageway for the material to 

be taken is never obstructed by other deliveries. 

 
Figure 13. Ground lines in Company Pilot 
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This new procedure also allows the worker to view the material he is unloading, 

immediately identifying damaged, non-compliant or missing material. To achieve all of this, 

it was necessary to train the staff to use these new tools, were analysed the micro-activities 

of unloading and storage, and was drawn up for each of them a new standard procedure. In 

summary, the application of the 5S+S rules was very useful for the identification of damaged 

material and avoidance of more waste in storage areas. In addition, the firm declared that 

the use of 5S+S worked also as a facilitator of further energy use reductions and to sustain 

the results achieved developing periodic audits with a standard checklist. 

Third, after the development of various kaizen events and the application of the VSM and 

5S+S, it was concluded that some processes needed an improvement. Several analyses of 

micro-activities were carried out in different processes and the assignment of various 

functions to each employee was useful to achieve standard work and reduce the levels of 

solid and hazardous waste. In addition, the audits regarding the organization of the 

workplace, the use of visual management techniques for maintaining a clean and organized 

workplace and the inspection of the use of materials involved in the Kanban process were 

also enablers of the reduction of material and hazardous wastes. Now, the company is nearer 

to the “ideal state” of operations and tries to use only the materials needed for each product 

with the less waste. 

Finally, even if Company Pilot declares environmental benefits from the implementation of 

lean practices, the long-term trend of the measures is essentially constant as is outlined in 

Figure 14. Please note that all the values of the environmental indicators have been 

normalized with respect to the company's turnover measured in real and constant prices and 

for privacy reasons have been expressed in annual percentage variations. 
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Figure 14. Evolution of lean and environmental performance in Company Pilot 

The figure shows an implementation chronology of the practices that have been applied by 

Company Pilot, including those that the firm has been using regularly and those that are 

used less frequently. Moreover, beneath the figure are listed the environmental indicators 

measured by the company and for each one the performance variation year by year over the 

interval considered. The last column on the right outlines the total performance variation 

(TPV) over the whole 5 years, calculated: 

𝑇𝑃𝑉 =
𝑉5 − 𝑉1
𝑉1

× 100 

Were V5 corresponds to the value of the environmental indicator the fifth year and V1 is the 

value of the same indicator measured the first year of the interval considered. Accordingly, 

as can be deducted from the data available: 

− Company Pilot only measured three environmental indicators out of the total of 

measures under study. 

− The firm has been achieving irregular environmental results. The improvements or 

undesirable results of a year were offset with negative or positive results of the 

successive years to end up in 2017 with similar results to the beginning of the lean 

transformation. 
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− The most environmentally friendly results of the measures occurred 3 years after the 

implementation of lean, just when the lean implementation reached some maturity 

returning to initial levels since the firm obtained worse or even adverse results 

during the first 3 years analysed. 

In summary, throughout this long-term analysis carried out in Company Pilot, notorious 

reductions and improvements of the measures occurred, to be stabilised during the last 

years. Thus, independently of these variations the values ended up being essentially similar 

to the ones achieved the first year of the lean transformation and in proportion to the 

variations of the activity occurred during the period. 

5.2.2 Analysis of Company A (2013-2017) 

Lean practices in Company A 

At the end of 2013 Company A launched its lean transformation process with the 

arrangement of its first kaizen event when the volume of sales and turnover were decreasing 

due to the economic crisis. This created the need to review the organization of the company 

with the aim of recovering margins and revenues and becoming leaner to be more 

competitive. Consequently, using the kaizen technique and enrolling both managers and 

employees, the company gradually began to look at the flow of value within the factory, to 

identify muda and organize the processes according to the lean logics; all this by developing 

the ability to work in a team on specific issues according to the site. 

The first step was the training of the kaizen working group for the improvement project of 

the factory: it was decided to develop closer collaborations between the operations 

department with the purchasing office, and between the engineering and technical office. 

During the kaizen events it was decided to develop and apply the VSM technique, spaghetti 

chart and was designed the “concept layout” of the company for the next years. Starting 

from this first event, the kaizen methodology has been applied throughout the whole 

company. 

Afterwards, Company A started to apply the VSM tool with the aim of define the current 

state of things, follow the production process starting from the customer and going back till 

the suppliers and trace carefully a visual scheme of the flow of materials and information for 

each activity. To obtain this information the kaizen group developed the so-called “Gemba 
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walk” starting from the expeditions and going back up the flow, and with paper and pen 

collected all the useful information about the process. In this manner, the phases of waiting 

materials were indicated, their movements within the plant and the activities carried out on 

the product were highlighted. 

The mapping of the processes showed that the time of accomplishment of every single phase 

was rather low, but the total time between the arrival of the raw materials and the delivery 

of the finished product to the customer was significantly high, equal to three working days. 

The main causes of this situation were summarized in two factors: the number of material 

movements inside the factory, among the excessive intermediate buffers between the 

activities, and the high number of finished product inventories in the shipping department 

that constituted a bottleneck. Some negative consequences of the high work in process 

(WIP) were also unveiled such as a waste of space, an increase in the handling of products 

beyond the necessary, a greater risk of damage and in the end an unreliable delivery system. 

The spaghetti chart was used in the company during the process mapping, specifically in the 

assembly process, with the goal of measuring all the movements performed by the operator 

while assembling the machine within the cell. In Company A, before the lean 

transformation, the assembly took place in independent production cells. This type of 

organization involved an area in the middle of the plant where the assembly happened and 

an area around it with shelves where the necessary parts were stored in order of utilization 

during the process of assembly. Whenever the operator finished an operation, he had to 

move towards the shelves to pick up the next lot and return towards the machine to perform 

the new operation. This produced excessive movement and therefore a waste of the 

operator’s time. One of the analysis conducted showed that the operator made around 1.200 

steps that multiplied by 0,8 meters of average stride length required around 1 km of total 

distance to be walked for the assembly of one product. 

The excellent results reached applying kaizen led to change the way assembly was carried 

out: the goal at this point was the transition from the independent cells system to a flow line 

divided into different phases or levels. To achieve this, the basic concepts of flow layout and 

production levelling (Heijunka) were used to lead the transformation. The final aim of the 

idea was to build a zero-waste assembly line, eliminating all the muda from assembly and 

reach a cycle time that approximates the ideal cycle time. The first wastes eliminated were 
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those related to movement, placing upstream of the assembly line a supermarket with the 

function of a small buffer of components, then an operator or “picker” provides the materials 

needed for assembly to the various stages along the lines. 

With the new design of the line, the machine is no longer assembled in one phase and the 

operator does not take every single component necessary from the shelves anymore, but it 

is produced according to a continuous flow formed by different phases and all the useful 

materials for the assembly are supplied to them by the picker. Producing in a continuous 

flow means making one product at a time, with each of them passing immediately from one 

phase of the process to another, without intermediate staging. In this perspective, the 

spaghetti chart no longer makes any sense, as the material movements are ideally 

insignificant. 

After the definition of the layout of the plant, the Kanban method for the different types of 

components and the Kanban deliveries with those suppliers which are placed near the 

factory and make frequent deliveries were adopted by Company A. This process requires 

that, when the picker takes the last piece of a purchased part, a purchase order is created by 

SAP. The supplier receives the notification, delivers the component in the quantity and 

quality established on a free pass logic, based on the agreed lead time and on the appropriate 

container which is placed directly in its place in the plant. At the time of delivery, an 

exchange of the ordered code takes place. Once the empty container of the product has been 

collected, it is the supplier’s duty to fill it as soon as possible. This way the full container will 

be ready for delivery when necessary. Visual management and coloured signals are used to 

complete this process. 

Then, depending on the type of supplier, agreements were made on lots, transport, 

containers and other issues necessary to start the new order system. For example, the 

supplier undertakes to shorten the delivery lead time and Company A to notify it in advance 

if the production of a certain type of product is about to finish, thus establishing a 

compensation system. Furthermore, all the containers and shelves have been standardized 

and have been supplied by the firm to each of its suppliers.  

Afterwards, to support the daily kaizen activities carried out, the Deming Cycle or PDCA 

was applied. In the first kaizen meetings were discussed problems that for years had only 
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been exposed and never formalized and therefore never solved because no one faced them. 

After a while, in addition to the daily problems, numerous improvement proposals came 

directly from a large part of the staff, who realizing how the PDCA worked, became much 

more collaborative in proposing solutions and improvements and in getting involved in it. 

Taking advantage of the benefits of the production levelling and the creation of the 

continuous flow within the factory it was then decided to implement the 5S logic and to 

standardize activities as further methods to obtain a more efficient, cleaner and tidier 

workplace. 

Finally, it is worth noting that during this time the firm has applied multifunctionality in 

some workplaces but with less success since it is one of the less used lean practices. Even 

with TPM they have only done some testing. In brief, the degree of implementation of the 

lean practices in Company A is summarized in Figure 15. 

  
Figure 15. Lean profile of Company A 

Impact of lean on the environmental performance of Company A 

First, using Kanban and following the pull logic, therefore not producing more to 

accumulate stocks of finished products, it was possible to eliminate the orange area dedicated 

just to the storage of various types of surplus materials and the mechanics area was reduced 

Degree of implementation of the Lean practice: 

1. The practice is not known by the company 

2. The practice is known but not implemented 

3. The practice was tested but not implemented 

4. The practice is implemented but it is among those less 

used 

5. The practice is among those that the firm uses 

regularly 

1 2 3 4 5

SMED

Pull/Kanban

Flow layout

Production levelling

VSM

Kanban deliveries

Standard work

Kaizen events

Hoshin Kanri + A3

Visual Management

Spaghetti Chart

PDCA

5S

Free pass

TPM

Autonomous working groups

Multifunctional Workers



 75 

significantly (see Figure 16). As a result of this, the company went from producing in an area 

of over 10.000 m2 to one of just over 7.000 m2 with about 3.000 m2 of free space (-35%), now 

available for possible future applications and investments and results in a better use of the 

industrial land. 

The change of the company towards a pull system was the main but not the only responsible 

lean practice of the shop-floor reduction and the elimination of the storage. Were also 

decisive other techniques such as the transition to a flow line production process, the 

improvement proposals obtained at the kaizen events and the establishment of a tidy and 

clean workplace under the rules of 5S using, for example, the signalling of spaces or zoning. 

These five years of changes made possible a better use of land and opened the possibility for 

future projects to facilitate more production in less space that is one of the major milestones 

to preserve the environment. 

 
Figure 16. Plant’s layout before and after lean implementation 

After 2013, the company has experienced a continuous and remarkable reduction of the 

materials consumption used for the production. The implementation of regular kaizen 

events was useful to target problems right away to try to eliminate them as quickly as 

possible. A large part of these problems was associated with the production process and were 

identified by the operators, their resolution usually involved easy changes, movements of 

machinery and adaptations to achieve at the end, more efficiency and less use of materials. 

In addition, mapping the value stream (VSM) was determining to identify the real flow of 

materials and afterwards to eliminate the elevated WIP and the high waiting times within 
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the process, as a consequence of them the company had several movements, handling of 

products and a greater risk of damage that implied reworks and more material needs for 

replacing damaged WIP, causing waste. 

At the most operational level, the firm applying standard work techniques and the 5S rules 

achieved the standardization of the activities made by the working force, these contributed 

to reduce rework and to achieve the consumption of materials only in the necessary 

quantities required for production. These homogenous and organized way to do activities 

also permitted the reduction of the use of materials. 

Moreover, the strategic integration of suppliers in the company’s supply chain has enabled 

the elimination of quality control in acceptance (free pass): if a defective piece is purchased, 

it is directly detected during assembly. This immediately activates an alarm and it is reported 

to the kaizen team, according to the “autonomation” logic (Jidoka). Afterwards, thanks to 

the daily activities of continuous improvement, the teams try to understand the causes of 

the problem and if necessary, they go and verify the supplier’s process with the aim of 

eliminating the root causes of defects. In this way the company reached lower levels of 

defects enabling less materials consumption, rework and waste. 

Energy consumption levels of the production plant have been also decreasing over the years 

since the beginning of the lean transformation. The benefits of the reorganisation of the 

layout and the levelling of the production line were crucial to the energy savings achieved 

(i.e. elimination of the warehouse, reduction of movements, less waiting). In addition, 

research participants declared that daily improvements obtained during the kaizen events 

and the use of visual management to, for example, “turn off a machine when is not in use, 

made small day-to-day improvements which aggregated made a significant effect”. 

On the contrary, these positive effects regarding the energy use in the plant were partially 

offset using Kanban deliveries. With this lean practice the dimensions of the batches have 

been reduced, but the delivery frequency was also increased producing more movements 

inside the company which imply higher energy consumptions. To solve this problem which 

is not only an environmental problem, also supposes an increase in transporting costs, the 

firm has implemented a policy for the reduction of suppliers, in order to have as many as 

possible within the province of Vicenza. The idea for the future is the implementation of the 
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so-called “milk run”, or the organization of a process of collecting materials from suppliers. 

This project aims to find the right trade-off between storage costs and transport costs, finding 

the optimal number of withdrawals to minimize the total cost and being economically and 

ecologically sustainable as far as possible. 

Finally, in Figure 17 the same analysis as in Company Pilot was performed for Company A. 

In this case, the figure demonstrates environmental benefits from the implementation of 

lean practices in the long-term. 

 
Figure 17. Evolution of lean and environmental performance in Company A 

The lean implementation process and the environmental results of Company A can be 

summarized as in Figure 17. From Company A’s timeline, it must be emphasized that: 

− The firm used environmental measures related only to the first three classes: energy 

use, land use and materials use. Therefore, for most of the environmental categories, 

Company A does not measure any indicators. 

− For all three types of indicators the participants reported a reduction during the 5 

years under investigation. This means that even if a negative effect of Kanban 

deliveries was identified during the study, the positive effects of other practices 

countered this issue. 

− However, it should be noted that the best results of the environmental indicators 

happened just after the implementation of lean during the first three years. In 2016, 
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the company experienced a deceleration in the improvement of its energy use levels 

and even more, kept almost constant for the last two years the measures of land use 

and materials used. 

In summary, during this long-term analysis, important reductions of the measures occurred, 

to be stabilised during the last two years. Consequently, the environmental improvements 

achieved during the primary years of the lean transformation were much clear and visible 

than those of 2016 and 2017.  

5.2.3 Analysis of Company B (2010-2014) 

Lean practices in Company B 

Since the start of the lean transformation path in 2010, the company has been using a mixed 

pull system. This solution combines the use of the supermarket for most of the parts used in 

the production and “made-to-order” production for the rest of the components, which 

represents a minor part of the total. The idea is to supply the lines using mainly a 

supermarket and using an internal Kanban system. Moreover, big and/or expensive parts 

are managed on-demand, supplying the lines only when these are needed. The advantages 

brought by the Kanban system were, among others, the simplification of the production 

processes. This leaded to reduce the use of the MRP tool and to improve the ability of 

responding against changes in demand. 

As regards the layout, the firm adopted the solution of a “flow layout”: a single assembly line 

shared by all the different models of machines. The shift from unbalanced cells to a 

continuous flow of production and an effective design of all the parts involved, using Kanban 

techniques, have allowed to:  

− Reduce non-value-added activities and the assembly time. 

− Respect considerably the takt time. 

− Increase productivity and flexibility to changes in demand. 

− Reduce the stock substantially. 

− Eliminate overtime hours.  
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Afterwards, the SMED technique was applied to sustain the flow layout and the reduction 

of the set-up times. In this context, some of the actions taken were: 

− Design of quick fastening and coupling devices to eliminate screws or other complex 

systems to be managed. 

− Avoidance of the transport of disassembled or semi-finished parts from one part of 

the plant to another during shutdown. 

− Placement of a tool trolley near every machine. 

Subsequently, all internal and external flows of the plant were drawn using the value stream 

mapping method. With the data obtained from the application of this methodology, various 

improvement projects were developed with the aim of achieving the objectives that meet 

the needs of the final customer as much as possible. For example, from the observation of 

the VSM it was possible to notice the presence of “transportation muda”. Some parts start 

their “journey” from the supplier warehouse, then are transported to Company B’s 

warehouse, hence are addressed to a subcontractor that carries out some external processing 

and, finally, they return to Company B where the painting and assembly operations are 

carried out. This was an important observation to keep in mind when drafting the future 

state map.  

From the current state map, it was also possible to realize the times necessary for carrying 

out the various processes and at the same time the number of workers employed in such 

activities. Consequently, the VSM tool was found to be of fundamental importance in order 

to be able to simultaneously visualize, in a single sheet, critical information and therefore 

have a general view of the situation. 

Furthermore, for Company B was determinant to develop a "kaizen approach" that makes 

it possible to progress step by step towards long-term objectives, continuously adapting to 

the changing conditions of the competitive environment. In this case, the firm carries out 

training of employees through learning paths, kaizen events and workshops for the 

assimilation of lean techniques. Additionally, during the kaizen events, which are developed 

regularly, was born the idea of implementing the 5S and PDCA rules together with weekly 

audits (Figure 18) in the processes to guarantee the adequate development of the 5S activities 

of sorting, setting in order, shining, standardizing and sustaining; achieving continuous 



 80 

improvement in practice. Furthermore, the use of the spaghetti chart was recommended to 

calculate the length of the movements within the factory by the employees, which had never 

been done before. 

 
Figure 18. Form for calculation of 5S audit scores 

The standardization of the operations was another priority for Company B. The actual times 

that the workers employed in performing their activities were collected and examined using 

time and motion methods. Furthermore, these times are continually reviewed and corrected 

according to the kaizen approach. 

In summary, the changes described above follow the principles of the lean philosophy, 

however the firm declares the difficulty to implement some of the practices currently used 

since they comprise several changings in the organization culture, which are difficult and 

time-consuming tasks. Other practices which are not actually implemented such as free pass 

and Kanban deliveries, turned to be challenging since various suppliers had problems to 

follow the premises required by the company and these practices require strong 

collaboration. Consequently, Company B is the firm with less lean practices implemented 

within the case studies using only 9 practices, 6 of them regularly, out of the 17 under study. 

Its lean profile is outlined in Figure 19.  
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Figure 19. Lean profile of Company B 

Impact of lean on the environmental performance of Company B 
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and within the production plant, further effects on the environmental performance of the 

company were declared by the research participants. 

Among all the advantages deriving from the use of Kanban, the company observed a 90% 

stock reduction and consequently a remarkable reduction in the use of packaging and 

energy. This was supported by a strict control of the stock under FIFO rules and a regular 

use of reusable packaging like plastic pallets with standard dimensions which facilitated the 

movement of products within the plant. Moreover, other improvements that were observed 
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− The reduction of worker movements with the introduction of the new picking 

Kanban-based structures. Now, supplying the workplace is much more efficient and 

comfortable, instead of wasting time and energy going and coming from the 

warehouse every time a piece is needed. 

− A significant elimination of waiting times and the unnecessary energy involved. This 

improvement derives from the other positive effects of pull. 
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The establishment of kaizen events, 5S and PDCA and their weekly audits in the workplace 

sustain the continuous improvement approach and make possible the easy identification and 

reduction of material waste and facilitate more efficiency in the workstation. More 

specifically, after introducing the 5S philosophy, a weekly plan for checking the maintenance 

status of each workplace was developed. The plan settles that once a week the employees of 

a specific area must stop for enough time to conduct, together with the kaizen promotion 

office, an analysis of the conditions of the entire working area. In order to adopt a standard 

measurement, a checklist was devised and, through a list of questions the management is 

allowed to evaluate, from time to time, the commitment to apply the principles suggested 

by 5S. In addition to these practices, VSM was also advantageous to identify the point of use 

of raw materials and their flows; the flows of components in and out of the plant and internal 

and external processes; and enabled further reductions in material consumptions. 

Furthermore, the use of pull and flow layout in the painting process meant painting more 

pieces in each cycle, therefore led to a dramatic reduction in the use of water and materials 

of the plant. The painting process had never been done in this way because a single-piece 

was painted in each cycle without a well-organized sequence of lots defined from the 

beginning. Since each type of material has its characteristics, the painting depends on them 

and for this reason the loading of homogeneous material for painting is in rigorous order 

avoiding the need to change painting features frequently, which means, to have further 

substantial wastes of time, materials and energy, which was no longer acceptable for the 

managers Company B. 

In general, these practices produced a positive impact in operations; reducing considerably 

the assembly lead time (about 30%) and the movements within the plant (about 60%), 

making clear energy savings. Some of these improvements were also enabled by the 

application of SMED: using quick fastening devices many set-ups were shortened (energy 

consumption reductions). Moreover, many assembly errors were avoided (materials and 

waste reductions), as the parts to be managed are simpler. Finally, the number of material 

movements in the plant was significantly reduced, avoiding extra electricity consumptions. 

Conversely, it is remarkable that even if these lean practices made great improvements in 

the energy consumptions of the company, this measure has been almost constant during the 

long-term period analysed. Research participants declared that some of the activities like 
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welding are very costly in terms of energy use and gas use. In Company B are trying to find 

a solution to this issue making cost studies to decide whether make these pieces or buy them. 

Till now, due to the scale of production of these components it is more convenient to make 

them internally. 

Additionally, the company affirms that it has made some trials with Kanban deliveries. They 

noted that the movements derived from Kanban and the deliveries were increased, this is a 

source of energy waste, maybe insignificant, within the production plant. Nevertheless, the 

company is aware of this issue and is looking for new solutions. 

To conclude, in Figure 20 the evolution of the environmental measures developed with the 

data from Company B is outlined. The figure shows the variations (%) year by year during 

the lean transformation process noted on the top of the timeline and illustrates that no 

measures got worse, only the energy used remained constant after various variations and 

the rest followed an improving trend after the long term analysed. 

 
Figure 20. Evolution of lean and environmental performance in Company B 
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The lean implementation process and the environmental results of Company B were 

summarized in Figure 20 before these lines. From the graphic and based on the previous 

information described above by the research participants it can be concluded that: 

− The firm developed measures yearly for almost half of the environmental categories 

investigated (4 over 10 categories). For the rest, Company B did not measure any 

indicators during the five years period. 

− For the energy use and water use measures, the company experienced reductions on 

its value until the fifth year analysed. On one hand, the energy use measure got 

worse the last year reaching similar levels to those of the launch of the lean 

implementation. On the other hand, the water use measure remained below the 

levels of 2010 as occurred with the materials use and solid waste measures, that have 

experienced a sustained reduction of their values during the reporting period. 

− During the first two years after 2010 most of the large reductions of the 

consumptions of the plant occurred. In the case of the use of materials and solid 

waste, their measures improved again even the last years. On the contrary the energy 

and water used measures got worse. 

To sum up, the application of these typical lean tools has contributed to the reduction of the 

environmental impact of the firm. As illustrated in Figure 20, the use of materials and water 

and the solid waste generated were reduced. That is not the case of the energy consumed by 

Company B, which had slight diminutions over the years to end up remaining essentially 

constant at the end of the period examined. 

5.2.4 Analysis of Company C (2013-2017) 

Lean practices in Company C 

After the start of the lean transformation in 2013, the concepts of the “lean thinking” applied 

by the Italian plant have been operationalized through the so-called “zero defects” project. 

Following the lean principles, the kaizen technique was applied in Company C to seek 

continuous improvement. In this context, the firm introduced the “Kaizen Journal”, which 

is used for the collection of problems and related corrective and improvement actions. This 

journal was born during the team discussions in various phases of the project, and especially 

during the waste analysis. Two relevant ideas proposed were, for example, the 
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implementation of the so-called low-cost intelligent automation (Jidoka) for material 

handling and the use of quick die changing methods and colours to accelerate the set-up 

(SMED). The figure of project manager was established for every improvement project 

launched to assure the correct implementation of the ideas suggested. In addition, a clear 

deadline for each idea of implementation was also defined in order to control the scheduling 

of the project. 

At different times, regular kaizen events were conducted on the main lean techniques to be 

applied, i.e. flow layout, 5S and TPM and subsequently three workshops were developed. 

During these meetings, solutions for the daily problems at the workplace were exposed and 

shared between the participants. 

The re-organization into a flow layout assembly line began in 2013 and led to the reduction 

of the number of lines from 12 to the current 7. The project was a very important step in the 

process of the reconfiguration of the plant according to the lean principles and implied the 

application of practices such as Kanban deliveries, free pass and the use of the spaghetti chart 

(see Figure 21) to study the movements of materials and workers among the lines. Applying 

this last practice, the company discovered, for example, that many components were stocked 

far from the locations where they were actually used. This entailed long walks of the worker 

to pick up what was needed, which caused waste of assembly time. After the line 

reconfiguration, this problem was reduced significantly. 

 
Figure 21. Spaghetti chart developed for line 5 
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Moreover, various 5S workshops were developed, these were aimed to instruct participants 

to create and maintain a clean workplace. These workshops took place in two consecutive 

days: within the first day, theoretical training about the 5S rules were developed, followed 

by an audit designed to understand the current situation of the working place. On the second 

day the 5S process was completed, the new solutions were defined and implemented, and 

the final audit was followed by a final discussion among the members of the team to share 

improvement ideas and the possible solutions in the immediate future to everyday issues. 

Even the workshops on the TPM practice took place during two consecutive days in a similar 

way to the 5S workshops. The first day was dedicated to the theoretical training, the initial 

audit and the cleaning of the plant to prepare the second phase of the project. In the second 

day it was also carried out a final audit and the completion of the general plan for 

maintenance. The company expressed a high interest in TPM, as they believed that “its 

implementation should enable great efficiency improvements”, and this actually happened. 

Afterwards, another important technique adopted by Company C is the so-called in the 

plant’s environment as “changeover optimization” or SMED which aims to reduce the 

incidence of set-up time on the loss of time and efficiency through the reorganization of 

activities and the elimination of unnecessary operations. During the kaizen events developed 

for the implementation, it was repeatedly mentioned that improving does not mean working 

faster but working avoiding unnecessary movements and operations. After the theoretical 

explanation of the approach, a pilot project was conducted in the plant in order to record 

and analyse a specific set-up. Recording was essential for the next phase in which the film 

was reviewed several times to enable the generation of new solutions and ideas for 

discussion between the team members. 

At the same time, the company promotes the employees’ involvement facilitating them to 

work in interdisciplinary groups through an interchange system. By doing so, the workers 

are quicker to find the right solution by analysing a task from different points of view. 

For a long-term success, the company develops two strategies. First, trying to combine the 

effects of the introduction of radical innovations with small daily improvements (kaizen).  
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Secondly, using some useful tools for recognizing and managing new improvement 

opportunities such as: 

− Value stream mapping, which is essential to identify within processes the 

improvement opportunities that will be discussed during the kaizen events. 

− Plan Do Check Act and Hoshin Kanri to solve problems in a systematic way and 

achieve continuous improvement at the same time. 

− Visual management, which allows the company's situation to be known punctually 

and immediately through graphs that summarize the most important indicators and 

key success factors. 

In summary, Company C has implemented several important lean practices and the 

managers interviewed demonstrated their commitment towards continuous improvement. 

These practices and tools are regularly used for waste reduction and improvement aims, and 

even now, the firm is still making some testing to improve processes applying practices such 

as: Kanban, production levelling and standard work. Concluding, Figure 22 shows the degree 

of implementation of the various lean practices under study in Company C. 

 
Figure 22. Lean profile of Company C 
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Impact of lean on the environmental performance of Company C 

In Company C, before the lean transformation, the assembly was organized to meet the 

requirements of mass production with a large automatic warehouse that furnished the work 

areas monthly. However, the assembly department was not supplied directly, and the 

material was stored in 3 large areas from which the workers had to pick up the parts and 

take them to their working station. After that, the products to be assembled and shipped had 

to go through 8 different areas of assembly with waste of time and a very high probability of 

error. Following some changes in management and various kaizen events, a project to solve 

this was launched and the flow line was implemented. In addition, the automatic warehouse 

was replaced by a supermarket guided by the rules of Kanban deliveries and free pass.  

The results of changing to a flow line were immediately visible, the use of energy was 

strongly reduced by the elimination of the automatic warehouse and from the reduction of 

movements within the plant by the implementation of the supermarket. Also, the flow line 

permitted to produce more products with the desired quality and reducing the number of 

product rejections and therefore, the quantity of material waste generated. Hence, the 

positive effects coming from the flow layout regards the reduction of solid waste productions 

and energy consumption. Lastly, employees’ innovative ideas were crucial in improving 

both economic and environmental performance. 

In Company C, kaizen was indirect responsible and supporter of the positive effects that 

followed the implementation of the flow line. However, with the ideas arisen from the waste 

identification process, by the means of the kaizen events and kaizen journals, the company 

reduced punctual solid waste generation and energy consumption. Also got from the 

employees’ innovative ideas to adapt in the workplace and improve efficiency. 

The adoption of the “zero defects” project required starting several additional actions for the 

transformation of the company into a real lean enterprise. Among the most important and 

priority for the company was the one related to the implementation of the Total Productive 

Maintenance, 5S and PDCA approaches, that needed a cultural change and were essential 

for the success of the entire lean transformation and for enabling continuous improvement. 

After the implementation, the performance of the production line was immediately 
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impacted, and the reduction of rejections and solid waste was evident, enabled by the 

development of standards for basic maintenance and cleaning. 

In addition, workers have been trained to take better care of equipment and machinery and 

have been sensitized to turn off all the machines when are not needed. In particular, after 

some kaizen events, it was decided to hibernate the machines between the end of a working 

day and the start of the next one, saving in this way hours of energy. Moreover, in the two 

days of the weekend the machines were turned off to avoid substantial waste of energy and 

air emissions. In this way, the plant obtained a notable air emissions’ reduction and energy 

savings from (i) maintenance management inspired to TPM principles, (ii) managing 

appropriately the start and shutdown of installations and machinery, and (iii) from the use 

of changeover optimization (SMED) which reduces high waiting times. In this way the 

company recognized that was undergoing benefits in terms of cost, waste and pollution 

reduction and a better and longer life of the machines and facility. 

Overall, the firm underlined the importance of cleaning the machines, workplace and the 

plant in general. However, for this frequent activity under the rules of 5S and TPM, the use 

of water seems to be unavoidable. In fact, a negative trend in the use of water along the 

period analysed has been observed, nevertheless, the increase in water consumption was 

also due to some exceptional losses that have occurred in 2016 and 2017 as reported by the 

plant manager during the interview. 

It is worth noting that Company C improved its environmental measures by the regular use 

of some of the most relevant lean practices (see Figure 23), and from the data provided by 

research participants it is possible to elucidate that: 

− As seen for Company B, also Company C does not measure any indicators for more 

than a half of the environmental categories, using 4 out of 10 of the measures under 

analysis. 

− For the energy use, air emissions and solid waste indicators the participants described 

a large reduction throughout the 5 years under examination with outstanding 

environmental performances during the first year after the lean implementation to 

then obtain irregular results tending to reduce these indicators. As was noted before, 
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the water used by the plant increased dramatically during 2016 and 2017 but due to 

exceptional circumstances. 

− Most of the positive results obtained by Company C were obtained the year after the 

lean transformation to then worsen or reduce its environmental performance. In 

various measures, a decrease occurred again during the last year analysed. 

 
Figure 23. Evolution of lean and environmental performance in Company C 

To conclude, the company experienced some negative results during the implementation of 

lean. To counter these problems, the firm remarks the usefulness of control and preventive 

tools provided by lean to identify “at the source” the wastes of the processes and, in 

particular, the environmental wastes. 
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5.2.5 Analysis of Company D (2013-2017) 

Lean practices in Company D 

The lean transformation process in Company D starts after various years of good economic 

results and the request of undergoing a strategic change towards efficiency, quality and 

flexibility. For this aim, the managers of Company D decided in 2013 to appoint the new 

kaizen manager who would supervise the implementation of the new philosophy and would 

be reference person to valuate and select priorities. 

With the commitment of the company managers, the transformation starts with the 

“training phase” aiming to inform, motivate and familiarize employees to the new work 

routines. In this sense, during various kaizen events, were carried out presentations of the 

available lean practices and tools and their area of application; an introduction on the benefits 

of the lean transformation, as well as on its pre-requisites and boundary conditions; and 

finally, were completed awareness actions on the phenomenon of "waste", since eliminating 

waste must became one of the new major objectives. Subsequently to the implementation 

of lean, these meetings have been repeating routinely. 

Once kaizen was introduced, the second lean practice implemented in Company D was 

VSM. At that time, the firm considered that VSM would give the opportunity to see where 

the waste is generated, and to focus the improvement activities that make the leap to quality 

of the company's performance. The organization of the plant employees in multifunctional 

groups was determinant for the lean implementation and particularly for the development 

of the current and future state maps; in Company D, for the implementation of the VSM, a 

specific group headed by a “value stream manager” was created. 

Furthermore, the analysis of the processes carried out until that time showed the necessity 

of adapting the entire plant to a JIT logic. For that purpose, the company made mainly three 

important changes: the first was the implementation of a Kanban system and the use of the 

supermarket for the reduction of the takt time, the second consisted in following the rules 

of one-piece flow for the design of the plant layout and finally, the levelling of production 

(Heijunka) to achieve higher standards of flexibility.  

To sustain all this system, it was also necessary to involve the suppliers in the new pull logic. 

For that reason, a system of Kanban deliveries with suppliers was implemented, by the 
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means of the automatic emission of supply orders when a part was needed at a certain 

moment of requirement of materials. The firm makes sure that the materials are of the 

required quality, which is well known by the supplier companies. With this, Company D 

started achieving free pass of the supplies in the area of receptions and now avoids strict 

quality controls which are a well-known source of muda. 

At the same time, the Company D realized the need to organize the plant in a more visible 

and orderly manner. The kaizen team noticed the existence of numerous objects and even 

useless machinery that had to be removed, and furthermore, they realized that if no 

measures were taken to solve this issue, the accumulation of needless materials and 

machinery could happen again and again. For this reason, and after some kaizen meetings, 

the teams agreed and approved the implementation of the 5S rules for all the production 

plant. As usual, this method was supported by other practices like standardization of the 

workplace functions, spaghetti chart and PDCA for an immediate and long-term success. 

In addition, under the responsibility of the kaizen manager the maintenance of the 

machinery started to be managed by the TPM guidelines. The main reason for this change 

was the acquisition of new technological and expensive equipment, that according to the 

top management, needed a proper organization of planned, preventive and autonomous 

maintenance for a long-term durability. The results of the application of this technique were 

dramatically visible and losses associated with work stoppages, quality non-conformities and 

additional costs were reduced. 

During 2017, in the Padova plant the kaizen office decided to perform some testing with 

quick changeover techniques (SMED) to obtain further takt time reductions and with the A3 

Matrix technique (Hoshin Kanri) as a future method to clarify and communicate the strategic 

objectives of the firm to the employees. 

In summary, throughout the period analysed Company D has shown a high commitment 

with efficiency and regularly applies practices from all the lean bundles under study (see 

Figure 24).  
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Figure 24. Lean profile of Company D 

Impact of lean on the environmental performance of Company D 

Since its foundation Company D develops solutions based on energy savings and, both 

company processes and products, reflect this approach that has always had respect for the 

environment.  

From the data provided by Company D can be observed that the general trend of each 

environmental measure category during the period analysed is to increase its performance. 

However, the firm has achieved contradictory results in one of the indicators of each 

category measured. More in detail, during the period analysed, for each category the 

company measured various indicators (2 for energy use, 3 for air emissions, 3 for solid waste 

and 3 for hazardous waste) and, in summary, most of them were improved in the long-term, 

but for each category one of the measures considered eventually got worse (see Figure 26). 

First, the methane gas consumed by the plant (energy used) has been decreasing during the 

period analysed, on the contrary the electric energy utilized has worsened during the same 

period which is contrary to the general strategy of the firm. This trade-off situation was 

produced mainly by using Kanban, flow layout and production levelling, which reduced 

considerably the stock within the factory, causing a minor use of energy since the warehouse 

Degree of implementation of the Lean practice: 

1. The practice is not known by the company 

2. The practice is known but not implemented 

3. The practice was tested but not implemented 

4. The practice is implemented but it is among those less 

used 

5. The practice is among those that the firm uses 

regularly 

1 2 3 4 5

SMED

Pull/Kanban

Flow layout

Production levelling

VSM

Kanban deliveries

Standard work

Kaizen events

Hoshin Kanri + A3

Visual Management

Spaghetti Chart

PDCA

5S

Free pass

TPM

Autonomous working groups

Multifunctional Workers
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was reduced. However, the use of Kanban systems, Kanban deliveries and the introduction 

of more robotics and automatic processes produced increments in the consumption of 

electric energy that, at any rate, are totally offset by the diminution of gas consumption, and 

even producing a positive balance in general. 

Second, Company D performs measures every two years of the air emissions produced in 

compliance with the environmental regulations. Between 2013 and 2017, the emissions in 

terms of dusts produced and inorganic compounds released were dramatically reduced 

mainly due to the application of practices such as 5S, standard work and kaizen. The 

standardization and the solutions adopted in the kaizen events were of vital importance to 

for example, reduce the rework that caused this kind of wastes. Another solution 

implemented was the installation of new suction systems after the proposal of some 

workers, which reduced notably the emission of dusts. However, as was noted before one 

of the air emissions measure did not achieve positive results, this is the case of the emission 

of solvents. The continuous increase of this measure was produced due to the implantation 

of a new painting spray-based method, which is not actually related with the implementation 

of lean. To counter this problem, the company is studying various solutions proposed by the 

teams during the scheduled kaizen events. 

Third, regarding to the solid waste produced, the company measured three parameters 

yearly: ferrous scrap (kg), plastic packaging (tonnes) and wooden packaging (tonnes). The 

ferrous scrap amounts were reduced due to the use of the standardization at the workplace, 

enabled by the new work techniques adopted under the rules of 5S and standard work. These 

were responsible of the elimination of defective parts and rework, which directly imply 

higher amounts of solid waste and energy. In addition, the plastic packaging waste (i.e. 

plastic wraps, boxes and pallets) was also reduced by Company D, this was produced mainly 

by the replacement of these by wooden packaging. The implementation of the free pass 

system, flow lines and the pull system (Figure 25) reduced the motion within the factories 

and because of this the total levels of packaging used were reduced. However, as expected 

by the company, the levels of wooden packaging waste increased over the years. 
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Figure 25. Flow lines in Company D 

Fourth, the hazardous waste produced in terms of oil and refrigerant gas were reduced due 

to the application of the quality tools provided by lean. In this sense, standard work, 5S, 

visual management and, to a lesser extent, PDCA and kaizen events, were determinant to 

reduce rework and to do the operations right at the first time. These practices had an 

important effect on the levels of gas wasted and produced the total elimination of the oil 

wasted during the years analysed. On the other hand, the water used in the paint booth with 

the new painting process was doubled. This increment, however, is not linked with the 

implementation of lean in Company D. 

All this previous information about lean practices and environmental measures in Company 

D is schematized in Figure 26. The following timeline starts in 2013 and finishes in 2017 

outlining that: 

− Company D only used 4 environmental categories out of the total under study 

during the period analysed. These categories contained more than one measure 

including 2 indicators for energy use, and 3 for each category air emissions, solid 

waste and hazardous waste. 

− As was described before, most of the indicators reported by the participants 

experienced a large reduction during the 5 years under investigation. In addition, the 

use of electric energy remained essentially unchanged, and some of the measures 
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such as the emission of solvents, the wooden packaging wasted and the water used 

for painting got worse over the years, mainly not because of the effects of lean. 

− Nevertheless, it is also important to highlight that Company D had very irregular 

consumptions during the period analysed and for this reason it was sometimes 

difficult to judge the evolution of the indicators. To overcome this issue, the 

conclusions were also based on the statements made by research participants. 

It should be noted that the measures corresponding to the air emissions included in Figure 

26 were measured every two years in compliance with the law. In addition, since the 

company did not report data of oil waste for the years 2014 and 2017, the variations were 

calculated with respect to the previous data available reflecting the decrease in oil waste 

reported by the interviewees. 

In summary, the case of Company D is very particular and as was noted by the company, 

lean practices and in particular JIT practices, produce both negative and positive impacts on 

the environmental measures that the firm uses regularly. However, generally these negative 

effects of lean were overcome by the “good part” of the practices implemented. In the end, 

lean turned out to be beneficial for the entire process even if there are some conflictive 

activities like the Kanban delivery system, that turned out to be harmful for the environment 

and is currently a major concern for the firm that needs to be solved as soon as possible. 

Other process activities were also considered contaminant, but research participants 

confirmed that were not in direct connexion with lean practices.  
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Figure 26. Evolution of lean and environmental performance in Company D 
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5.3 Cross-case analysis 

After the within-case study analyses, the data collected from the companies were also 

compared through a cross-case analysis. The cross-case analysis allows for examination of 

key variables, themes and patterns across cases, as well as differences among cases (Voss et 

al., 2002; Yin, 1994; Eisenhardt, 1989). 

In particular, from this analysis it is possible to identify the lean practices that these 

companies consider most important and their degree of implementation. On the other hand, 

this analysis allows to evaluate the most used environmental measures. Finally, it was 

deemed interesting to understand the relationships between lean practices and green 

performances to point out those practices which enable sustainable performance in the long-

term. 

Table 4 shows, for each of the 17 lean practices investigated, the number of firms that have 

implemented them at level 5 (the practice is among those that the firm uses regularly). 

Accordingly, the lean practices that are regularly used by all five companies are: flow layout, 

VSM, kaizen events, spaghetti chart and 5S. In addition, other practices such as Kanban, 

visual management, PDCA and free pass were used by 4 out of 5 of the companies analysed. 

Moreover, 3 out of 5 firms adopted production levelling, Kanban deliveries and 

multifunctional workers and 2 out of 5 implemented standard work techniques, TPM and 

autonomous working groups. Each of the remaining practices, i.e. SMED and Hoshin Kanri, 

was implemented by one of the five companies under study. 
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Lean practice 
Number of companies using 

regularly this practice 

Flow layout 5 

VSM 5 

Kaizen events 5 

Spaghetti chart 5 

5S 5 

Pull/Kanban 4 

Visual management 4 

PDCA 4 

Free pass 4 

Production levelling (Heijunka) 3 

Kanban deliveries 3 

Multifunctional workers 3 

Standard work 2 

TPM 2 

Autonomous working groups 2 

SMED 1 

Hoshin Kanri – X Matrix + A3 1 

Table 4. Practices used within the companies 

Regarding the environmental measures, Table 5 summarizes the information obtained from 

the case studies and shows for each firm analysed the general environmental results obtained 

during the period under study. As it is noted, the measures are classified according to 

whether they have been measured and depending on their overall result (essentially 

unchanged, improved and worsened). Please note the cells that show the result “improved” 

marked with an asterisk correspond to measures that have been assessed with 2 or more 

indicators and one of them has not been improved. 
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Environmental measure category Company Pilot Company A Company B Company C Company D 

A. Energy use 
Essentially 

unchanged 
Improved 

Essentially 

unchanged 
Improved Improved* 

B. Land use - Improved - - - 

C. Materials use - Improved Improved - - 

D. Toxic/hazardous chemicals use - - - - - 

E. Water use - - Improved Worsened - 

F. Air emissions - - - Improved Improved* 

G. Water pollution - - - - - 

H. Solid waste 
Essentially 

unchanged 
- Improved Improved Improved* 

I. Hazardous waste 
Essentially 

unchanged 
- - - Improved* 

L. Environmental impact of the 

product throughout the entire life 

cycle 

- - - - - 

*One of the measures included in this category did not improve 

Table 5. Summary of environmental results over 5 years 
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Furthermore, Table 6 shows in the second column the number of firms which measure at 

least one indicator of each category mentioned in the first column. In this sense energy use 

is the only measure that is present in the five cases followed by solid waste, which was 

measured by four companies; other measures such as materials use, water use, air emissions 

and hazardous waste, were used by 2 out of 5 of the companies analyzed; land use was 

measured only by 1 of the 5 companies analyzed; and finally, for the rest of categories, the 

firms did not make assessments during the periods examined. 

Environmental measure category 

Number of 

companies measuring 

this category 

Number of 

companies improving 

this category 

A. Energy use 5 3 

H. Solid waste 4 3 

C. Materials use 2 2 

F. Air emissions 2 2 

E. Water use 2 1 

I. Hazardous waste 2 1 

B. Land use 1 1 

D. Toxic/hazardous chemicals use 0 0 

G. Water pollution 0 0 

L. Environmental impact of the product 

throughout the entire life cycle 
0 0 

Table 6. Measures used within the companies analysed 

The third column on the right in Table 6, specifies the number of companies that have 

improved these measures after having implemented lean practices. As can be seen, 3 out of 

5 of the companies that assessed their energy consumption, improved this measure. Again, 

3 out of the 4 firms that measured their solid waste production improved its value. In 

addition, for the materials use and air emissions measures, 2 out of 5 companies developed 

measures and both companies improved their environmental indicators. The cases of water 

use and hazardous waste are slightly different, since two of the five companies made 

measurements and only one firm for each measure obtained improvements. Only one 
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evidence was found in the five cases for the land use measure, and this was increased after 

the implementation of lean. 

Looking at Tables 4, 5 and 6, it should be noted that all the practices that were listed for this 

study were applied in at least one firm of the five under study, however for the 

environmental measures regarding the use of toxic/hazardous chemicals, water pollution 

and the impact of the product throughout its life cycle (EPA, 2007), no evidence was found 

between the five cases analysed. 

At this stage, after having highlighted the level of implementation of the various lean 

practices and the types of environmental measures used by companies, in the second part of 

the cross-case analysis it will be highlighted the possible relationships between lean practices 

and the improvement of green measures. Accordingly, it is possible to compare the 

evidences found for the energy use (Figure 27), solid waste (Figure 28), materials use (Figure 

29) and air emissions (Figure 30) measures.  

As was noted before, two of the companies that used the energy consumption measure did 

not improve their values, they remained constant, so it was not possible to consider them 

for this analysis. The same happened for the solid waste and the hazardous waste measures, 

which both remained constant in one of the firms analysed. On the contrary, it was possible 

to include solid waste in the cross-case analysis since three companies assessed and improved 

this measure. This did not occur with the hazardous waste category, as was only obtained a 

positive evidence from a single company. A similar thing happened with the water use 

measure, two firms carried out measures of this category, however, one of them improved 

its value and the other got it worse. In brief, these measures used by the firms under study 

(hazardous waste, water use and land use) were not considered for the cross-case because it 

was not possible compare the improving evidences at least between two companies. 

For this purpose, the analysis started from the data outlined in tables 5 and 6, observing in 

particular the first four rows. With reference to the energy used, three companies out of the 

five that measured this indicator have stated that they have improved it (i.e. companies A, C 

and D). Figure 27 shows the common lean practices regularly used (level 5 in the lean profile) 

by the three companies. 
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A. Energy use improvement 

Company A Company D Company C 

  SMED 

Pull/Kanban Pull/Kanban  

Flow layout Flow layout Flow layout 

Production levelling 

(Heijunka) 

Production levelling 

(Heijunka) 
 

VSM VSM VSM 

Kanban deliveries Kanban deliveries  

Standard work Standard work  

Kaizen events Kaizen events Kaizen events 

  Hoshin Kanri – X Matrix + A3 

Visual management Visual management Visual management 

Spaghetti chart Spaghetti chart Spaghetti chart 

PDCA PDCA PDCA 

5S 5S 5S 

Free pass Free pass Free pass 

 TPM TPM 

Autonomous working 

groups 

Autonomous working 

groups 
 

 Multifunctional workers Multifunctional workers 
 

Figure 27. Lean practices that support energy use reduction 

The observation of Figure 27 suggests that the lean practices that may support the energy 

use reduction are: flow layout, VSM, kaizen events, visual management, spaghetti chart, 

PDCA, 5S and free pass. 

These practices usually produce reduction of the motion within the factory and an 

increment of environmental and efficiency awareness within the employees, reducing the 

energy consumption of the plant. Furthermore, Kanban, production levelling, Kanban 

deliveries, standard work, TPM, autonomous working groups and multifunctional workers 

were present in two of the three companies that reduced their energy consumption. These 

constituted weaker evidences but it was thought that were worth mentioning in this 

analysis. 

Now turning the attention to the levels of solid waste generated, in the long term these were 

reduced in companies B, C and D. All these firms applied various practices from the JIT and 
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TQM lean practice bundles (Figure 28), these were: flow layout, VSM, kaizen events, 

spaghetti chart and 5S.  

H. Solid waste improvement 

Company B Company D Company C 

  SMED 

Pull/Kanban Pull/Kanban  

Flow layout Flow layout Flow layout 

 
Production levelling 

(Heijunka) 
 

VSM VSM VSM 

 Kanban deliveries  

 Standard work  

Kaizen events Kaizen events Kaizen events 

  
Hoshin Kanri – X Matrix + 

A3 

 Visual management Visual management 

Spaghetti chart Spaghetti chart Spaghetti chart 

 PDCA PDCA 

5S 5S 5S 

 Free pass Free pass 

 TPM TPM 

 
Autonomous working 

groups 
 

 Multifunctional workers Multifunctional workers 
 

Figure 28. Lean practices that support solid waste reduction 

Making the same analysis as before, when the number of rejections from production is 

reduced, because of the continuous quality improvement; and less packaging is used due to 

the reductions of movements within the factory, less solid waste is generated. Moreover, 

other practices regularly implemented but in two of the three firms that improved this 

measure were: Kanban, visual management, PDCA, free pass, TPM and multifunctional 

workers (see Figure 28). 

Now referring to the third row of Table 6, the lean practices used regularly by the two 

companies (i.e. company A and B) that have reduced the use of materials are shown in Figure 

29. Both firms use a set of practices from the JIT and TQM bundles, these are: pull/Kanban, 

flow layout, VSM, kaizen events, spaghetti chart and 5S. These practices mainly reduce 

rejections and waste from defects which imply a reduction of the rework. In addition, as a 
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consequence of the continuous improvement and standardization enabled by these 

practices, the company is nearer to the “ideal” use of raw materials needed to produce a 

product. 

C. Materials use improvement 

Company A Company B 

Pull/Kanban Pull/Kanban 

Flow layout Flow layout 

Production levelling (Heijunka)  

VSM VSM 

Kanban deliveries  

Standard work  

Kaizen events Kaizen events 

Visual management  

Spaghetti chart Spaghetti chart 

PDCA  

5S 5S 

Free pass  

Autonomous working groups  
 

Figure 29. Lean practices that support materials use reduction 

In relation to the fourth row in Table 6, the crossed evidences found in cases C and D are 

quite different from those presented above. Both firms applied practices regularly from the 

four lean bundles: JIT (flow layout and VSM), TQM (kaizen, visual management, spaghetti 

chart, PDCA, 5S and free pass), TPM and HRM (multifunctional workers). In this regard, 

these practices generally conducted to the reduction of motion, standardization 

achievement and continuous improvement beside a proper management of proactive and 

preventive maintenance. These actions altogether enabled the reduction of the air pollution 

in companies C and D and are outlined in Figure 30. 
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F. Air emissions improvement 

Company C Company D 

SMED  

 Pull/Kanban 

Flow layout Flow layout 

 Production levelling (Heijunka) 

VSM VSM 

 Kanban deliveries 

 Standard work 

Kaizen events Kaizen events 

Hoshin Kanri – X Matrix + A3  

Visual management Visual management 

Spaghetti chart Spaghetti chart 

PDCA PDCA 

5S 5S 

Free pass Free pass 

TPM TPM 

 Autonomous working groups 

Multifunctional workers Multifunctional workers 
 

Figure 30. Lean practices that support air emissions reduction 

As final analysis, those practices which are present in all the companies that have improved 

at least one environmental category among all involved in the analysis are identified. These 

practices were named as “core practices” and are always present and regularly used within 

the firms that have improved their environmental measures. Only four firms were included 

in Figure 31 since Company Pilot did not have an actual improvement on its environmental 

measures. 

As can be observed in Figure 31, the main shared practices enabling environmental 

performance among the cases studies were flow layout, VSM, kaizen, spaghetti chart and 

5S. These practices are comprised within the JIT and TQM lean bundles and this fact gives 

further consistence to the statement that these two bundles are more environmentally sound 

and efficient than TPM and HRM bundles. 
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Environmental performance improvement 

Company A Company B Company C Company D 

  SMED  

Pull/Kanban Pull/Kanban  Pull/Kanban 

Flow layout Flow layout Flow layout Flow layout 

Production levelling 

(Heijunka) 
  

Production levelling 

(Heijunka) 

VSM VSM VSM VSM 

Kanban deliveries   Kanban deliveries 

Standard work   Standard work 

Kaizen events Kaizen events Kaizen events Kaizen events 

  
Hoshin Kanri – X 

Matrix + A3 
 

Visual management  Visual management Visual management 

Spaghetti chart Spaghetti chart Spaghetti chart Spaghetti chart 

PDCA  PDCA PDCA 

5S 5S 5S 5S 

Free pass  Free pass Free pass 

  TPM TPM 

Autonomous 

working groups 
  

Autonomous working 

groups 

  
Multifunctional 

workers 

Multifunctional 

workers 
 

Figure 31. Core lean practices enabling environmental performance 

To conclude, in this section was developed a cross-case analysis to highlight the key 

evidences and understand the general patterns across cases. These analyses developed in this 

part of the thesis complement the single evidences outlined for each company in the 

preceding section 5.2 and they will be compared in the subsequent chapter 6, dedicated to 

the discussion of the results. 
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Chapter 6. Discussion and conclusions 

Once the cross-case analysis has been concluded, it is time to sum up the several results 

obtained from both theoretical and empirical parts of this thesis, to then explain in sections 

6.1 and 6.2 the theoretical and empirical implications of them; describe in section 6.3 which 

were the limitations encountered, and which are the open research opportunities found; and 

finally, in section 6.4 underline the general conclusions of this research. 

Based on the preliminary exploration of the research area described in chapters 2 and 3, and 

regarding the objectives and gaps of knowledge, the research questions proposed and 

addressed in this thesis were: 

− RQ1: Do lean practices impact on environmental measures?  

− RQ2: How do lean practices impact on environmental measures? 

The answer to the first research question (RQ1) was originated after making a deep analysis 

of the extant literature. As was noted in section 3.1.4, most scholars demonstrate that lean 

leads to green and more specifically, helps creating a cultural background in companies that 

leads to environmental objectives such as waste elimination and pollution prevention, which 

are mandatory for environmental performance (EPA, 2003). Thus, the affirmation that lean 

leads to green is considered rightful by the majority of scholars and those organizations that 

are following a lean transformation process will improve resource efficiency and therefore 

will increase their ecological outcomes (King and Lenox, 2001). 
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In contrast, there are some existing divergences that may affect the environmental 

performance achievement in the lean process application, these are identified as trade-offs in 

literature. 

Nevertheless, according to the existing literature, most of the lean practices might be 

favourable for the achievement of ecological objectives (Cherrafi et al., 2017b; EPA, 2007) 

and most of the environmental-improving practices can be comprised in the JIT and TQM 

lean practices bundles (Shah and Ward, 2003). In addition, the remaining bundles regarding 

HRM and TPM were not examined by an elevated number of publications relating them 

with environmental performance purposes. However, a few published researches suggest 

that these bundles may not affect negatively the environment and furthermore, propose that 

the practices comprised in these two bundles may have a positive influence on the 

environmental performance of firms (Garza-Reyes et al., 2018; Piercy and Rich, 2015; EPA, 

2003; Florida, 1996). 

The last analysis carried out within the SLR gives details about the effects of various lean 

practices on various relevant environmental measures, showing off effectively that lean 

practices mostly have a positive impact on the environmental performance of organizations, 

as was suggested by previous publications. This contribution may be useful to understand 

the order or priority of application of the practices to obtain specific environmental 

outcomes from lean production. Moreover, this examination gives light about which 

techniques shall be used by companies to increment specific measures, for example if a lean 

company has high air emissions, it should be advantageous to apply VSM if it is not already 

applied or even adapt it to unveil environmental opportunities and/or complement it with 

other practices like SCM, kaizen and 5S as well. 

Thus, it can be concluded that the answer for the first research question (RQ1) is “yes”, 

according to the great majority of the research documents analysed, lean practices impact 

on environmental measures and this impact may depend on the practices applied. 

The answer to the second research question (RQ2) was addressed with the multiple case 

study developed in chapter 5 corresponding to the empirical part of this thesis. The single 

evidences obtained during the within-case analyses (see section 5.2) and the relationships 
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obtained from the cross-case analysis (see section 5.3), built up the answer to the “how” of 

this second research question which is shown below these lines. 

In fact, although the companies under study are increasing or decreasing their activity, after 

the start of a lean transformation process, the general trend in the cases analysed is to 

improve and sustain their environmental measures in the long term. Moreover, making an 

overview of the implementation of lean in the sample of firms, the most regularly used lean 

practices are those belonging to the JIT (i.e. flow layout, VSM, Kanban) and TQM (i.e. 

kaizen, spaghetti chart, 5S) bundles which correspond to those most analysed in literature. 

On the contrary, the practices within the HRM (i.e. standard work, autonomous working 

groups) and TPM bundles, are among the least used by the set of companies investigated.  

Regarding the environmental performance, the firms measured mainly their use of energy 

and their levels of solid waste generated. Other measures such as materials use, air emissions, 

water use and hazardous waste were also frequently utilized for assessments in the case 

studies. Nonetheless, energy use is the measure most used by companies. On one hand this 

depends on the "mandatory nature" of this input: the quantity of energy used must be paid 

to external energy companies and this makes it easy to measure the consumption in a simple 

and precise way. On the other hand, the use of energy has important economic and 

environmental implications for companies. Secondly, the generation of solid waste within 

the plant is also another important measure featuring in the sample of companies. Again, 

something similar to what happens to the energy consumption, occurs to the water use 

measure, but since its value usually is not very significant for many companies only two 

firms made an annual monitoring of this indicator. To a lesser extent, as it is rather difficult 

to measure the use of materials accurately, this indicator was only assessed by two 

companies. The measures of toxic/hazardous chemicals, water pollution and the impact of 

the product throughout its life cycle were not utilized by the cases, this occurs maybe 

because of the difficulty for organizations to obtain measures of these indicators or because 

of their particular characteristics.  

In brief, the most improved measures after the implementation of lean practices in these 

case studies are energy use, solid waste, materials use and air emissions. These are perfectly 

in line with the preliminary evidences obtained from the literature review analysis, 
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expressing the relevance of the aforementioned measures in the assessment of the 

environmental effects of lean.  

Then, the evidences obtained from the data of the five case studies analysed are outlined in 

Table 7, where the green coloured cells indicate that the practice in the row is correlated 

with the improvement of the measure in the column. Moreover, inside the cells are indicated 

the companies in which these relationships have occurred. Please note that Company Pilot 

was not included in Table 7, since none of its measures was improved during the period 

under study.
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A. 

Energy 

use 

B. 

Land 

use 

C. 

Materials 

use 

D. Toxic-

hazardous 

chemicals use 

E. 

Water 

use 

F. Air 

emissions 

G. Water 

pollution 
H. Solid waste 

I. 

Hazardous 

waste 

L. Product’s impact 

throughout the life 

cycle 

SMED C - - - - C - C - - 

Pull/Kanban A, D A A, B - B D - B, D D - 

Flow layout A, C, D A A, B - B C, D - B, C, D D - 

Production levelling A, D A A - - D - D D - 

VSM A, C, D A A, B - B C, D - B, C, D D - 

Kanban deliveries A, D A A - - D - D D - 

Standard work A, D A A - - D - D D - 

Kaizen events A, C, D A A, B - B C, D - B, C, D D - 

Hoshin Kanri C - - - - C - C - - 

Visual management A, C, D A A - - C, D - C, D D - 

Spaghetti chart A, C, D A A, B - B C, D - B, C, D D - 

PDCA A, C, D A A - - C, D - C, D D - 

5S A, C, D A A, B - B C, D - B, C, D D - 

Free pass A, C, D A A - - C, D - C, D D - 

TPM C, D - - - - C, D - C, D D - 

Autonomous working groups A, D A A - - D - D D - 

Multifunctional workers C, D - - - - C, D - C, D D - 

Table 7. Summary of the positive relationships between practices and measures 
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Below these lines the main evidences found during the case study analysis (Table 7) 

regarding the environmental effects of lean practices are summarized. First, the effects that 

were acknowledged by the companies within the sample are described, followed by the 

regularly utilized practices that contributed to achieve the listed environmental 

improvements:  

− Energy use reductions: enabled among others by flow layout, VSM, kaizen events, 

visual management, spaghetti chart, PDCA, 5S and free pass. These practices usually 

produce a reduction of the motion within the factory and an increment of the 

environmental and efficiency awareness within the employees because of its focus 

in continuous improvement, reducing ultimately the energy consumption of the 

plant. 

− Solid waste decreases: data suggests that these reductions were possibly facilitated 

by flow layout, VSM, kaizen events, spaghetti chart and 5S. When the number of 

rejections from production is reduced, because of the continuous quality and process 

improvements; and less not reusable packaging is utilized due to the reductions of 

movements within the factory, less solid waste is generated. 

− Materials use diminutions: came from the application of pull/Kanban, flow layout, 

VSM, kaizen events, spaghetti chart and 5S. These lean practices mainly reduce 

defects and rejections probably originated by the motion and transportation of 

materials within the plant, and therefore entail a reduction of the rework. In 

addition, the continuous improvement and standardization enabled by these 

practices, helped to reduce the use of materials. 

− Air emissions savings: mainly enabled by flow layout, VSM, kaizen, visual 

management, spaghetti chart, PDCA, 5S, free pass, TPM and multifunctional 

workers. These practices helped the reduction of motion, standardization 

achievement, appropriate monitoring, continuous improvement and proper 

management of proactive and preventive maintenance, which subsequently reduced 

of the air pollution levels. 

Additionally, further evidences regarding other lean practices were found. For example, 

research participants suggest that TPM, SMED and production levelling benefit the 

reduction of the use of energy and the air emissions of the plant; standard work techniques 



 115 

may lessen the use of materials and the generation of solid waste within the entire process; 

and a free pass quality system, Kanban systems and visual management avoid defective parts 

from supplying, reducing again the use of materials and solid waste. In other cases, the 

establishment of a continuous flow and a well-designed Kanban system permitted notable 

water use reductions as it permitted a correct organization of the process. Again, these same 

practices by organizing the subdivisions of the plant also enabled outstanding reductions of 

the space occupied by one of the factories investigated, this permitted other subsequent 

improvements such as energy savings for example. In this sense, it is worth noting that the 

objective of shop-floor reduction is a well-known common point between the lean and green 

paradigms. In relation to the generation of hazardous waste; practices such as VSM, standard 

working techniques, kaizen events, visual management, PDCA and 5S were deemed useful 

by research participants for the correct identification of waste sources and proper handling 

of harmful materials wasted. 

In this last analysis a graph was developed in Figure 32 with data from Table 7. In it, the “y” 

axis represents the number of environmental measures incremented out of the total 10 

investigated. In turn, the “x” axis indicates the number of times a lean practice has been 

accompanied by positive environmental results in the whole sample. Therefore, at top right 

of the graph it is possible to observe those lean practices that may have a positive impact on 

a high number of environmental measures and had a higher frequency of occurrence in the 

sample. These practices are flow layout, VSM, kaizen, spaghetti chart and 5S; and are 

coherent with the “core practices” showed in Figure 31. 
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Figure 32. Importance of the lean practices for the environmental performance 

achievement 

Therefore, synthesising the data of each of the companies analysed, as it is revealed above, 

most of them using lean practices have made it possible to improve most of their 

environmental performance measures. However, during the interviews a few exceptions 

were identified by research participants. Consequently, some of the firms investigated 

obtained undesired results:  

− Company Pilot declared environmental direct benefits from the implementation of 

lean practices, but in contrast the long-term trend of the environmental measures 

remained constant due to factors not related to the lean practices’ implementation 

and utilization. 

− A contrary situation to the previous one happened in Company A which declared 

that the energy consumption was incremented by the implementation of Kanban 

deliveries with suppliers which lead to higher delivery frequencies and more 

movements inside the company. However, the “energy use” measure still improved 

its value due to other positive effects enabled by other practices. 

− Again, Company B did not improve its “energy use” measure even if lean practices 

made great improvements in the energy savings of the company. Managers 

suggested that regular activities of the firm are very costly in terms of energy use and 

gas use and moreover, they noticed after some experimentations with Kanban 
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deliveries that this practice may be harmful for the environment in terms of energy 

consumption. 

− Company C also noted a divergence during the implementation of lean in its 

production plant. Accordingly, for the frequent activity of cleaning under the rules 

of 5S and TPM, the use of water seems to be unavoidable and this reflected in a 

negative trend in the use of water along the period analysed. 

− The case of Company D was rather particular since were found negative or constant 

trends on each of the environmental categories analysed, some of them caused by 

lean (mainly by Kanban techniques) and others not (new painting spray-based 

method). However, all these negative effects were countered by other positive 

effects of lean on relevant indicators included in the same categories. 

In summary, after observing the negative environmental effects obtained from the research 

participants it can be suggested that Kanban deliveries was the main divergence found 

between lean practices and environmental performance. The use of energy derived from the 

motion and the frequent deliveries were pointed by companies A, B and D as the major 

problematic issues of lean for the achievement of green objectives. However, it is 

remarkable the importance of factors besides lean practices (i.e. spills, exceptional rejections 

and other incidents) to the assessment of the lean implementation’s environmental 

performance as these factors can hide the real effects of lean, even if they are positive or 

negative. 

Regarding to the evolution of the environmental measures among time within the firms 

under analysis, it has been already suggested that the general results were mainly optimistic 

for most of the categories measured. For companies A, B and C the best environmental 

results occurred immediately after the implementation of lean and being evident for the first 

three years for Company A, the initial two years for Company B and for the first and third 

years after the lean transformation for Company C. Furthermore, Company D obtained 

positive results almost during the entire period under analysis with some punctual 

exceptions. Alternatively, Company Pilot experienced an irregular trend where the last years 

compensated the effects of the first years alternating positive and negative results in the 

beginning and in the end of the period investigated. In this sense, the results are in line with 

Achanga et al. (2006) and Porter (1985) as the lean transformation process took more than a 
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year within the cases, however the lean effect were mainly visible during the first years of 

implementation to then reduce their impact over time. 

Nevertheless, it has been demonstrated that the combination of various lean practices 

usually produce strong positive results on certain environmental measures of firms, more 

than they would do separately. This partially occurs due to a “multiplier effect” that makes 

more environmental improvements from a pre-existent one. For example, if a company 

reduces its warehouse it will enhance immediately its land use indicator, and subsequently, 

will reduce for instance the energy consumption of the plant. Or if a firm builds upon the 

TQM bundle, the reduction of defective parts will lead to less material waste generated but 

also will entail less materials use and a reduced energy consumption. These further 

improvements are mainly caused by the identification of the so-called “blind spots” (EPA, 

2003) that may appear during lean implementation. This means that in addition to the lean 

waste reduction and continuous improvement concepts, which frequently produce implicit 

environmental performance, there are further "hidden" opportunities to achieve this 

purpose. 

Below in this chapter, the theoretical implications of the findings of this study will be 

discussed first, accompanied by providing the plausible explanations to the findings 

produced in this study. Consequently, the discussions about implications for practitioners 

are followed up. Another section identifies the limitations existed in this study and the 

recommendations for further research to finally end up with the conclusions of this thesis. 

6.1 Theoretical implications 

The scope of this thesis was to investigate the relationship between lean and environmental 

performance; first in a theoretical and wide-ranging point of view with an analysis of the 

relevant literature in the field, to then evolve in an empirical study aimed to investigate the 

impact that 17 important lean practices (i.e. SMED, pull/Kanban, flow layout, production 

levelling, VSM, Kanban deliveries, standard work, kaizen events, Hoshin Kanri – X Matrix, 

visual management, spaghetti chart, PDCA, 5S, free pass, TPM, autonomous working 

groups and multifunctional workers) have on 10 commonly utilised measures of 

environmental performance (i.e. energy use, land use, materials use, toxic/hazardous 
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chemicals use, water use, air emissions, water pollution, solid waste, hazardous waste and 

environmental impact of the product throughout the entire life cycle).  

The results obtained during this thesis fill the research gaps previously established in section 

3.2 and extends the existing knowledge in the lean and green field by: 

− Exploring and providing a better understanding of the effect that the implementation 

of lean manufacturing practices has on the environmental performance of 

manufacturing companies. 

− Explaining the given relationships and effects of lean on environmental performance 

in the long term. No preceding studies had investigated all the same lean methods 

and environmental measures of performance included in this study in such a long 

period. 

− Providing insights on new positive and negative environmental impacts of lean that 

have not been considered so far by literature. 

− Assorting lean practices according to diverse criteria and providing evidences about 

which of them should be more environmentally friendly and which not. Moreover, 

this thesis provides insights about which practices are more likely to improve 

environmental performance in companies. 

− Analysing the evidences found in the cases separately and altogether. During the 

development of the case studies was found out that frequently it is the combination 

various lean practices what makes the process significantly more environmentally 

friendly. 

The theoretical-practical nature of this thesis enabled the obtention of relevant results that 

constitute important contributions for the lean and green field of knowledge. Moreover, 

mainly due to the empirical focus of this thesis, the managerial implications are multiple, 

and are described below in the next section.  

6.2 Managerial implications 

The findings of this study raise several managerial implications that are beneficial for 

company managers who aim to get a better understanding of the relationship and effect that 

lean practices have on the environmental measures of their operations. These are described 

below these lines. 
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Firstly, in an operational level, it was found before and during the development of the 

interviews and the case studies that the company managers interviewed were receptive to 

cooperate with this research, and they reacted positively and recognised the possibility of 

gaining greater environmental benefits from the application of lean practices. Thus, this 

research holds important implications for manufacturing managers, who can develop a 

richer consciousness on the relationship and effect that some of the most essential lean 

practices have on the environmental performance of their operations.  

Secondly, in a more strategical level, the awareness on the effects of lean on the 

environmental performance of the company will assist practitioners and managers to make 

better decisions and formulate more effective strategies for simultaneous or sequential 

implementation of both lean and green paradigms. This will facilitate approaching 

sustainability objectives and for instance, compliance with environmental regulations. 

Thirdly, this research should encourage business managers and practitioners to monitor in 

a proper way their operations and their environmental performance measures in order to 

identify those hidden opportunities for environmental performance enhancement, also 

known as “blind spots” in literature. 

Finally, this study may help to increase both the image of the company and its corporate 

social responsibility since climate change, environmental degradation and natural resources 

scarcity are some of the major issues currently faced by humankind. 

6.3 Limitations and suggestions for future research 

Some limitations that limited the extent and scope of this research were encountered in the 

development of this research and must be acknowledged. These should be considered by 

upcoming studies to define the agenda for future research. 

Firstly, during the literature review analysis, an elevated number of publications relating the 

HRM and TPM bundles with environmental performance objectives was not found. Various 

scholars in this field suggest that these lean bundles do not impact negatively on the 

environment (Garza-Reyes et al., 2018; Piercy and Rich, 2015; EPA, 2003; Florida, 1996). 

Special difficulties in observing the effects that these bundles have on environmental 

measures were found, especially regarding to the HRM bundle, thus, it might be interesting 
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to seek more evidences about which practices comprised in these bundles may improve 

environmental performance in companies and in which measures the major effect occurs. 

Secondly, the generalisability of any findings may be limited due to the presence of specific 

companies’ cases. This study was carried out only within the boundaries of the 

manufacturing sector. Consequently, the results have some limitations as they cannot be 

easily generalized to other industry sectors and may require special attention to different 

practices and measures depending on the sector. More specifically, the cause-effect 

relationships between the use of a lean practice and the expected result of a specific 

environmental measure depends on the contextual conditions that are internal and external 

to the organizations. Thus, further research is required to complete this research and provide 

more insights of the impact of lean practices on the environmental performance of firms 

operating in other sectors, even in others beside industrial ones, such as healthcare, services, 

construction, logistics and so on. As the manufacturing sector, these are also under strong 

pressures to operate competitively and at the same time they must make sure the 

achievement of their quality objectives and legal standards about their responsibility to the 

environment. This research may help to develop these further studies since the research 

process described during this thesis is completely replicable. 

Thirdly, this research used case studies and necessarily relied on participants’ recall and 

memory of events in the time periods analysed. While this enabled participants to “look 

back” and consider the scale of the changes that had occurred, they were doing so with the 

advantage of retrospection and this could have affected their recall of events. To counter this 

limitation, archival data provided by the company were used to support the participants’ 

description of the events. Regardless of this, it would be challenging to repeat a similar study 

in companies that are about to develop a lean transformation path and are concerned about 

environmental impacts of their operations but anyway, this type of research would be biased 

because managers would already try to pursue environmental efficiency objectives 

simultaneously with the lean transformation. 

Then, within the research’s questionnaire (see Annex 3) Likert scale questions were used to 

assess the level of implementation of the selected lean practices within the cases. This may 

be a limitation because restricts the ability of respondents to express opinions a priori, 

however it was easily overcome since the answers were also complemented with the 
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qualitative answers and data provided by the respondents. As was stated during this thesis, 

the questionnaire was used mainly as a support to obtain clearly the preliminary answers 

from the respondents and these were deepened throughout the interview. 

In addition to this, further difficulties were found during the data collection phase, these 

were: 

− Often companies are mainly focused on the implementation of lean while they give 

less attention to the identification of environmental measures and their assessment, 

consequently some difficulties were found in collecting a complete set of data for 

each firm and during the entire time span of research. 

− There is not a predefined list of measures, companies have developed indicators 

based on their characteristics and therefore, each of them used different 

environmental measures. To confront this issue, the macro-categories proposed by 

the EPA in 2007 were used and later, the environmental measures provided by the 

companies were framed in these categories. 

To conclude, the whole of these limitations was overcome during the development of this 

thesis, however these are considered significant as they constitute an important opportunity 

to deepen in them in further research studies. 
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6.4 Conclusions 

This thesis was aimed to analyse, through an empirical research, the impact of lean practices 

on one of the main dimensions of sustainability such as the environmental performance of 

the company. First, a literature review was developed to synthesise the main results so far 

achieved and to set up the subsequent empirical research. In particular, the systematic 

literature review has allowed to identify the preliminary evidences on the lean practices and 

environmental measures to be investigated. Then, a multiple case study analysis of five 

industrial firms that have started a lean transformation process was developed in order to 

examine in depth whether the implementation of various lean practices can impact the 

environmental performance measures of the company. Subsequently, both within-case and 

cross-case analyses have been carried out. 

Beside the literature most scholars sustain that lean leads to green and moreover, facilitates 

the achievement eco-friendly objectives like waste elimination and pollution prevention, 

which are essential for the achievement of environmental performance aims (EPA, 2003). In 

fact, the affirmation that lean leads to green is considered truthful in literature and those 

businesses that are undergoing a lean transformation process may enhance resource 

efficiency and therefore should increment their ecological outcomes (Garza-Reyes et al., 

2018; King and Lenox, 2001). 

On the other hand, there are some existing divergences that may trouble the environmental 

performance achievement in the lean process application. These are known as trade-offs in 

literature and were highlighted in this thesis. The most conflictive bundle is JIT, that 

confronts low inventory levels with more transportation of goods, handling and packaging 

and consequently additional pollution and fewer environmental performance (higher energy 

use, CO2 emissions or additional package for example). Furthermore, larger is the distance 

of transportation or more are the production lines involved, less environmentally friendly is 

the process (Venkat and Wakeland, 2006; Zhu and Sarkis, 2004). 

Nevertheless, most of the lean practices are beneficial (Cherrafi et al., 2017b; EPA, 2007) and 

most of the environmental-improving practices can be framed in the JIT and TQM bundles. 

In addition, the bundles of HRM and TPM did not present an elevated number of 

publications relating them with environmental performance objectives. Literature sustains 
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that these bundles do not affect negatively the environment (Garza-Reyes et al., 2018; Piercy 

and Rich, 2015; EPA, 2003; Florida 1996) but it might be interesting to know which practices 

comprised in these bundles mainly improve the environmental performance of the company 

and in which measures occurs the major impact. 

As regards to the multiple case study analysis developed in this thesis, the results obtained 

are aligned with the preliminary evidences found in literature and provided new knowledge 

insights and further research directions for the lean and green field. 

In accordance with the literature review analysis the empirical evidences suggested that 

most of the lean practices implemented by the five companies under analysis enabled 

significant environmental improvements in the long-term. Those practices that resulted to 

be the most effective to reduce the use of energy, solid waste, materials use and air emissions 

were mainly from the JIT and TQM bundles which correspond to the preliminary evidences 

found in literature. On the contrary, the practices within the HRM and TPM bundles, were 

those less utilized by the companies investigated and therefore, those that least impacted on 

the environmental measures. 

In all companies the use of the lean practices has made it possible to improve environmental 

performance. However, there are a few exceptions that were described during this thesis, 

for example Company A and Company D declared that the energy consumption was 

incremented by the implementation of Kanban deliveries with suppliers and Company B 

pointed this divergence when testing this same practice, while Company C obtained positive 

outcomes applying it. In this sense, a possible trade-off was found regarding this lean practice 

which was not already acknowledged in literature and should be handled with attention by 

managers. To counter this problem, Company A proposed the use of the “milk run” 

technique in order to concentrate suppliers in the same geographical region and find the 

right trade-off between storage and transport costs to minimize movements, stock, energy 

and total cost in general. 

Another example of divergence between lean practices and environmental performance was 

found in relation to the water consumption levels in Company C, which was noticed after 

the implementation of 5S and TPM. In this perspective, it is crucial for managers to assess 

and supervise carefully the impact of the lean practices implemented since the positive 
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effects of a group of practices can hide the negative effects of one of them, obtaining less 

performance than their potential. For this purpose, Company C deemed useful the control 

tools provided by lean such as VSM, 5s and visual management among others, to prevent 

environmental wastes at the source. 

Still from the empirical analysis, even if the results turned out to be positive or negative after 

the implementation of lean, it is obvious that other factors within the factory may affect the 

environmental performance of the company. Thus, if an undesired spill eventually occurs, 

the annual values will be probably changed. However, this research remarks again the 

importance of assessing the effects of lean on the environmental measures and the relevance 

of understanding the source of waste. Accordingly, this study intended to avoid the issues 

caused by punctual events with a long-term analysis. 

Finally, from the evidences obtained during the case study analysis, even if research 

participants declare that they are environmentally concerned, take care of the environment 

and demonstrated a great interest in this research, they could do more in this regard. Since 

lean provides practices and tools that enable environmental performance going beyond 

economic results, organizations logically prioritize these last objectives and they do not 

develop a proper control system of their environmental effects in short, medium and long 

term. Consequently, from the academic field, it is important to empirically demonstrate the 

effects of lean and show managers and practitioners that obtaining economic and 

environmental performance is easier than expected, by the means of lean. 
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case study 
Journal 
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Journal 
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Norwegian dairy producer 
2017 
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Journal 
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Rothenberg et al. Lean, green and the quest for superior environmental performance 2001 Survey Journal 

Simons and 

Mason 
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Single or multiple 

case study 
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Green benefits from adopting lean manufacturing a case study from the 

automotive sector  
2013 

Single or multiple 

case study 
Journal 

Soltero and 

Waldrip 
Using kaizen to reduce waste and prevent pollution 2002 Theoretical model Journal 

Taubitz 
Lean, green & safe Integrating safety into the lean, green and 

sustainability movement 
2010 

Single or multiple 

case study 
Journal 

Torielli et al. 
Using lean methodologies for economically and environmentally 

sustainable foundries  
2011 

Theoretical 

models 
Journal 
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Lean and green at a Romanian secondary tissue paper and board mill - 

putting theory into practice  
2006 

Single or multiple 

case study 
Journal 

Venkat and 

Wakeland 
Is lean necessarily green? 2006 Simulation Conference 
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Verrier et al. 
Lean and green strategy: the Lean and Green House and maturity 

deployment model  
2016 Theoretical model Journal 

Verrier et al. 
Combining organizational performance with sustainable development 

issues: the lean and green project benchmarking repository 
2014 

Single or multiple 

case study 
Journal 

Vinodh et al. Tools and techniques for enabling sustainability through lean initiatives  2011 Theoretical model Journal 

Wiese et al. The integration of lean, green and best practice business principles 2015 
Single or multiple 

case study 
Journal 

Wong and Wong Synergizing an ecosphere of lean for sustainable operations  2014 
Single or multiple 

case study 
Journal 

Yang et al. 
Impact of lean manufacturing and environmental management on 

business performance: an empirical study of manufacturing firms 
2011 Research database Journal 

Zhu and Sarkis 

Relationships Between Operational Practices and Performance Among 
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manufacturing enterprises 

2004 Survey Journal 
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Creating a Lean and Green Business System: Techniques for Improving 
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2013 - Book 
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Annex 2 – Basic environmental measures for lean enterprises 

Relevant environmental measures extracted and adapted from the “The Lean and 

Environment Toolkit” published by the U.S. Environmental Protection Agency (EPA) in 

2007.  

 Category Definition Unit of measure 

Input measures Energy use Any source providing 

usable power or 

consuming 

electricity: 

transportation and 

non-transportation 

sources 

Specific to energy 

source such as 

BTUs or kilowatt 

hours, % reduction, 

energy use/unit of 

product 

Land use Land covered by 

buildings, parking 

lots, and other 

impervious surfaces. 

Land/habitat 

conservation 

Square feet, acres, 

square meters 

Materials use Materials used (total 

or specific), ex. 

Packaging 

proportion of input 

materials that were 

recovered (vs. virgin 

materials) 

Tons/year, 

pounds/unit of 

product, % 

materials utilization 

Toxic/hazardous 

chemicals use 

Use of hazardous and 

toxic chemicals that 

are regulated or are 

otherwise concern 

Pounds/year, 

pounds/unit of 

product, % 

reduction 

Water use Incoming raw water, 

from outside sources, 

e.g., from municipal 

water supply or 

wells, for operations, 

facility use, and 

grounds 

maintenance 

Gallons/year, % 

reduction, % 

recycled pounds 

priority 

chemicals/year, % 

reduced, % recycled  
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 Category Definition Unit of measure 

Non-Product output 

measures 

Air emissions The release of any of 

the following: Air 

toxics - CAA 112b 

HAPs Carbon 

Monoxide Lead 

Ozone and its 

precursors, 

including: VOCs 

(volatile organic 

compounds), NOx 

(nitrogen oxides), 

Ozone-depleting 

substances, PM10 

(particulate matter), 

PM2.5 (fine 

particulate matter), 

Sulfur Dioxide, 

Greenhouse gases 

including Carbon 

Dioxide 

Pound/year, 

tons/year, % 

reduction 

Water pollution Quantity of pollutant 

in wastewater that is 

discharged to water 

source. Should 

include any 

substances regulated 

in NPDES permit. 

May include: Heavy 

Metals - Cu, Pb 

Hexavalent 

Chromium, 

Cadmium, Zn, Ni, 

Hg, Organic 

Pollutants and 

Pesticides, 

Conventional 

pollutants, e.g., oil 

and grease, BOD and 

suspended solids, and 

Nutrients - N, P 

Pathogens Sediment 

from runoff 

Wastewater 

discharge volume 

Pounds/year, mg/ 

L or % reduction 
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 Category Definition Unit of measure 

Solid waste Wastes (liquid or 

solid) other than 

RCRA hazardous 

wastes 

Gallons or 

pounds/year, % 

reduction, % 

recycled 

Downstream/Product 

measures 

Product impacts Expected lifetime 

energy and water 

use, wastes (to air, 

water and land) from 

product use and 

disposal or recovery 

Energy—BTU, 

kWh, mWh Water 

use– gallons 

Wastes– pounds, 

tons 

Other measures Money saved Money saved in the 

reduction of 

materials or other 

changes in processes 

Dollars saved 

Qualitative 

measures 

Other environmental 

improvements that 

cannot be directly or 

accurately quantified. 

For example: 

implementing an 

Environmental 

Management System 

Savings and 

environmental 

benefits from 

leaning out of 

permits/ Design for 

Environment/ 

Clean Production/ 

EMS 

implementation/ 

Extended Product 

Responsibility 
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Annex 3 – Questionnaire 

Research project 

 

Lean and Green 

Dear Madam/Sir, 

the University of Padova initiated a research project aimed to investigate whether the 

adoption of management practices related to “lean thinking” model (which, as we know, 

eliminate the so-called "muda" or waste: inventory, scrap, etc.) permit to reduce/eliminate 

consumption and emissions by promoting environmental protection as a last resort. The 

project is located within a wider international research and for some years the link between 

lean production and environmental protection is being investigated since important studies 

conducted by the United States Environmental Protection Agency (EPA) were 

released. The project aims to contact a sample of Italian firms known for starting the path of 

lean transformation and these are prompted to answer a series of questions about the lean 

practices that have adopted, on environmental measures that are measured and the progress 

of these measures over a given time horizon. 

If you are able to participate in this research, we ask you to answer the following 

questions. All responses will be treated in an anonymous and aggregated way. 

 

Section 1: Demographic data 

Company name: 

Plant of (indicate Municipality): 

Sector of belonging: 

Type of products made: 

The plant makes products:  

on sales forecast   ______% of turnover 

     on customer’s order   ______% of turnover 
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The products offered to the market are:  

     catalogue standard  ______% of turnover 

     catalogue standard with 

  options     ______% of turnover 

     designed to costumer 

specifications    ______% of turnover 

The production process is:   

in line flow   ______% of turnover 

in batches for departments ______% of turnover 

     in islands or fixed place ______% of turnover 

 

Section 2: Lean practices 

Starting year of the Lean transformation process _____________ 

Place equal to X the year of start of the Lean transformation path, given this year complete 

the following table (if X is after 2012 complete the table only for years until 2017). 

 X X+1 X+2 X+3 X+3 X+4 

Turnover (millions 

of euros) 
      

Number of 

employees of the 

plant 

      

Indicate the relative degree of implementation for each of the following Lean 

practices/tools. Please give your perception of their importance and provide details about 

their implementation process. 
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We do 

not know 

it 

We know 

it but we 

do not 

apply it 

We only did 

some 

experimentation 

It is among 

those less 

used 

It is among 

those that 

we use 

regularly 

Single Minute 

of Exchange of 

Die (SMED) 

     

Pull/Kanban      

Flow layout      

Production 

levelling 

(Heijunka) 

     

Value Stream 

Mapping (VSM) 
     

Kanban 

deliveries with 

suppliers 

     

Standard work 

in the 

workplace 

     

Kaizen events      

Hoshin Kanri – 

X Matrix + A3 
     

Visual 

management 
     

Spaghetti chart      

PDCA (Plan Do 

Check Act) 
     

5S      
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We do 

not know 

it 

We know 

it but we 

do not 

apply it 

We only did 

some 

experimentation 

It is among 

those less 

used 

It is among 

those that 

we use 

regularly 

Quality at the 

source (free 

pass)  

     

Total 

Productive 

Maintenance 

(TPM) 

     

Autonomous 

working groups 
     

Multifunctional 

workers 
     

 

Section 3: Environmental measures 

For the different categories of environmental measures, specify if one or more measures are 

used and measured in the company: if so, describe the measure used. 

Categories of measures 

We do not measure 

the following 

measure for this 

category 

We measure the following indicator 

for this category 

Input   

A. Energy use  

 

 

 

 

B. Land use   
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Categories of measures 

We do not measure 

the following 

measure for this 

category 

We measure the following indicator 

for this category 

C. Materials use   

D. Toxic/hazardous 

chemicals use 
  

E. Water use   

Output   

F. Air emissions   

G. Water pollution   

H. Solid waste   

I. Hazardous waste   

L. Environmental impact 

of the product throughout 

the entire life cycle 
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Regarding the same years considered in section 2 above, indicate the value of the 

environmental indicators measured in the company. 

 X X+1 X+2 X+3 X+3 X+4 

Input       

A. Energy use       

B. Land use       

C. Materials use       

D. Toxic/hazardous chemicals 

use 
      

E. Water use       

Output       

F. Air emissions       

G. Water pollution       

H. Solid waste       

I. Hazardous waste       

L. Environmental impact of the 

product throughout the entire 

life cycle 
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Section 4: Qualitative relationships between practices and environmental measures 

Fill the cells of the following table with: 

− 5 if you consider that the adoption of the practice of the line impacted positively the environmental measure of the column. 

− 1 if you consider that the adoption of the practice of the line impacted negatively the environmental measure of the column. 

− Do not fill the cell if you consider that there is not any relationship the practice of the line and the environmental measure of the column. 

Please give your perception, justify and provide details, data and/or document demonstrating your answer and explain how this relationship occurred. 

 Input Output 

 

A. 

Energy 

use 

B. 

Land 

use 

C. 

Materials 

use 

D. 

Toxic/Hazardous 

chemicals use 

E. Water 

use 

F. Air 

emissions 

G. 

Water 

pollution 

H. Solid 

waste 

I. 

Hazardous 

waste 

L. 

Environmental 

impact of the 

product 

throughout the 

entire life cycle 

Single Minute of 

Exchange of Die 

(SMED) 

          

Pull/Kanban           

Flow layout           

Production levelling 

(Heijunka) 
          

Value Stream 

Mapping (VSM) 
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 Input Output 

 

A. 

Energy 

use 

B. 

Land 

use 

C. 

Materials 

use 

D. 

Toxic/Hazardous 

chemicals use 

E. Water 

use 

F. Air 

emissions 

G. 

Water 

pollution 

H. Solid 

waste 

I. 

Hazardous 

waste 

L. 

Environmental 

impact of the 

product 

throughout the 

entire life cycle 

Kanban deliveries 

with suppliers 
          

Standard work in 

the workplace 
          

Kaizen events           

Hoshin Kanri – X 

Matrix + A3 
          

Visual management           

Spaghetti chart           

PDCA (Plan Do 

Check Act) 
          

5S           

Free pass with 

suppliers 
          

Total Productive 

Maintenance (TPM) 
          

Autonomous 

working groups 
          

Multifunctional 

workers 
          


